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( Senda Otonal #4460 Co. Villa las Fuentes, Monterey, NL 64890, Mexico );
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( Moralille #179 Pte. Col. Lomas del Valle, San Pedro Garza Garcia, NL 66256, Mexico );

3.) VILLANUEVA, Jesus
( Sierra de la Gabia #179 Co. Villa Montana, Garza Garcia, NL 66230, Mexico ).
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'RESUMEN

Una barra horneada laminada incluye una capa de
relleno laminado de baja humedad entre dos capas delgadas de
masa. Las capas de masa de la barra tienen una textura
crujiente similar a la de una galleta salada, mientras que la
capa de relleno permanece suave. El grosor total de la barra
horneada es de preferencia menor que 7 milimetros. La barra
se prepara al calibrar l&minas de masa con un grosor menor
que 1 milimetro cada una, seguido por el depdsito de una
composicién de relleno que tiene una estabilidad de
resistencia al calor alta en una de las laminas de masa
calibrada y colocar wuna segunda l&mina de masa calibrada
encima del relleno para formar una lamina. Posteriormente, la
ldmina se calibra, se corta en barras y se hornea, utilizando
un perfil de horneado leve. La barra puede tener un disefio
moldeado en la superficie superior y/o una composicidn de
cubierta, de preferencia, que incluye avena, depositada sobre

la lamina.
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BARRA HORNEADA LAMINADA

DESCRIPCION DE LA INVENCION

Esta invencién se relaciona con barras. En
particular, esta invencidén se relaciona con barraé horneadas
laminadas que tienen un relleno que incluye fruta.

Desde hace mucho tiempo, sé conoce la produccién de
aperitivos de varias composiciones. Se desea obtener
composiciones nuevas y mejoradas gque cumplan con las
cambiantes demandas del mercado. En particular, se detecta
una demanda en el mercado para aperitivos bajos en calorias
con sabor, apariencia y textura agradable. Por ejemplo,
numerosas barras distintas horneadas y suaves con relleno de
fruta se encuentran disponibles a nivel comercial.

El laminado de masa es un método comian para
producir capas de masa para productos horneados que incluyen
galletas, galletas saladas, pasteles, bizcochos, pasta,
trozos de cereal, pastas para pizza y varios otros articulos
similares. Las laminas de masa pueden producirse al depositar
masa mezclada de manera generalmente homogénea en una banda
transportadora e introducirla entre por lo menos dos rodillos
que giran en direccidén contraria, cada uno de los cuales se
extiende a través de la anchura del ' transportador. Los
rodillos comprimen la masa en una léamina de grosor
predeterminado y la lémina de masa se desplaza en la banda

transportadora en movimiento para procesamiento adicional.
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Las laminas de masa pueden reducirse a un grosor
especifico mediante el proceso de calibracién. La calibracién
consiste en pasar una lamina de masa a través de un conjunto
de rodillos que giran en direccién contraria colocados a una
distancia exacta entre si. El grosor de la lamina de masa
calibrada puede monitorearse, por ejemplo, mediante una sonda
laser. La medicién se realiza para asegurar que la lamina de
masa se calibre de manera precisa y que el espacio entre los
rodillos pueda ajustarse segin se necesite.

El laminado es el proceso de crear una lamina, que
es un articulo que tiene dos o m&s capas unidas entre si. Las
capas pueden estar compuestas por los mismos materiales,
tales como piezas de madera en contrachapado o diferentes
materiales, tales como pelicula pléastica unida con calor
alrededor de una hoja de papel. En la industria alimenticia,
una barra laminada puede incluir una capa de relleno de fruta
comprimido entre dos capas de ldminas de masa.

De esta manera, aunqgque las estructuras y
composiciones alimenticias en barra de acuerdo con la técnica
anterior proporcionan un numero de caracteristicas
ventajosas, cuentan con ciertas limitaciones. Por ejemplo, un
problema comin con los productos alimenticios rellenos
laminados, tales como barras, es que la humedad del relleno
suele ser absorbida por las capas de masa adyacentes. Por lo

general, esto no es deseable, ya que las capas de masa se
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humedecen. La presente invencidn Dbusca superar algunas de
estas limitaciones y otras desventajas de la técnica anterior
y proporcionar nuevas caracteristicas nunca antes vistas. En
consecuencia, se desea proporcionar una barra laminada baja
en calorias que, al mismo tiempo, incluya capas de masa
similares a galletas saladas y una capa intermedia humeda de
relleno. El relleno permanece suave sin humedecer las capas
crujlentes de masa. Las caracteristicas y ventajas
adicionales de la invencién o de ciertas modalidades de la
invencidén seran aparentes para aquellos con experiencia en la
técnica a partir de la siguiente descripcién de las
modalidades ejemplares.

De acuerdo con un primer aspecto, se proporciona
una barra horneada laminada. Ciertas modalidades ejemplares
de la barra descrita en la presente comprenden dos capas de
masa crujiente con una capa humeda de relleno entre las capas
de masa. El grosor total de la barra puede ser menor gque 7
milimetros.

De acuerdo con otro aspecto, se proporciona una
composicidén de masa que muestra una textura similar a la de
las galletas saladas al ser horneada. La composicién de masa
incluye de preferencia harina de trigo, harina de avena,
almidén modificado y enzimas.

De acuerdo con un aspecto adicional, se proporciona

una composicién de relleno que mantiene la suavidad y mas del

0
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noventa por ciento de su masa al ser horneada. La composicidn
de relleno tiene un alto contenido sdélido y puede comprender
fruta.

De acuerdo con aun otro aspecto, un método para
preparar una barra horneada comprende las etapas de calibrar
ldminas de masa con un grosor menor que 1 milimetro cada una,
posteriormente, depositar una composicién de relleno en una
de las l&minas de masa calibrada y colocar una segunda lamina
de masa calibrada sobre el relleno. Después de ello, la
lédmina se calibra, se corta en barras y se hornea, utilizando
un perfil de horneado leve. Ciertas modalidades ejemplares
del método descrito en la presente también comprenden moldear
un disefio en la parte superior de la l&mina y/o depositar una
composicién de cubierta sobre la léamina.

BREVE DESCRIPCION DE LOS DIBUJOS

La Figura 1 es wuna vista en berspectiva de una
barra horneada laminada de una modalidad de la invenciédn.

La Figura 2 es una vista en planta de un disefio de
molde para aplicar un patrén en la parte superior de una
barra de acuerdo con una modalidad de la invenciédn.

La Figura 2b es un corte transversal de una porcidn
del disefio tomada a lo largo de las lineas 2b-2b de la Figura
2a.

La Figura 2c es un corte transversal de otra

porcién del disefio de la Figura 2a tomada a lo largo de las

/O
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lineas 2c-2c.

La Figura 3 es una vista en eievacién lateral de un
aparato que puede emplearse para preparar una barra horneada
laminada de acuerdo con una modalidad de la invencién.

La Figura 4 es una vista en perspectiva parcial de
un aparato utilizado para realizar una etapa del método para
formar 1la barra, en donde se aplica una composicidén de
relleno a una capa de masa de acuerdo con una modalidad de la
invencién.

La Figura 5 es wuna vista en perspectiva con
acercamiento parcial del aparato mostrado en la Figura 4, en
donde una capa de masa se aplica sobre una capa de relleno.

Debe entenderse que la barra de acuerdo con esta
descripcidén puede tener cualquiera de numerosas y distintas
formulaciones o constitucioﬁes especificas. La formulacidn de

una barra puede variar en cierta medida, dependiendo de

factores tales como el sector comercial previsto para el

producto, sus caracteristicas nutricionales deseadas, perfil
de sabor y similares. Por ejemplo, pueden anadirse
saborizantes, edulcorantes, vitaminas, conservadores y/o
agentes colorantes a cualgquiera de las formulaciones para
variar el sabor, textura, caracteristicas nutricionales, etc.
En general, una barra de acuerdo con esta descripcidén por lo
general incluye masa que comprendé por lo menos harina, agua,

almidén, enzimas, grasa y un agente catalizador. La barra
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también incluye una composicién de relleno de baja humedad,
que, por lo general, comprende edulcorantes, fruta,
glicerina, almiddén y pectina. De manera alternativa, puede
utilizarse una composicién de relleno apetitosa en la barra.
Aquellos con experiencia en la técnica reconoceran
ingredientes adecuados adicionales y alternativos que cuentan
con el beneficio de esta descripcién.

Con referencia a la Figura 1, se proporciona una
vista en perspectiva de una modalidad de la invencién. La
barra 10 ilustrada en la Figura 1 incluye una primera capa 1
de masa y una segunda capa 3 de masa, que forman la capa
inferior y superior de la barra 10, respectivamente. Una capa
5 de relleno se dispone entre las dos capas 1, 3 de masa Yy,
en esencia, llena por completo el area entre las dos capas 1,
3. Como se muestra en la figura, el relleno es visible desde
el lado de la barra 10 y se extiende hacia los bordes de las
capas de masa. Ademads, la barra 10 puede comprender una
cubierta 9 y/o una composicidén para dar brillo (no mostrada)
ahadida a la parte superior de la barra 10. De preferencia,
la cubierta 9 incluye avena, tal como avena tostada vy
hojuelas de avena, que pueden fijarse a la barra 10 con la
composicién para dar brillo. Las capas 1, 3 de masa pueden
comprender harina de avena para proporcionar un total de més
de 3 gramos de avena por barra. Una barra 10 completa de 25

gramos puede proporcionar menos de 100 calorias.

|2
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Opcionalmente, puede moldearse un disefio 7 en la
parte superior de la capa de masa (Figura 1). El1 disefioc 7 se
muestra con mas detalle en la forma de un disefic de moldeo
mostrado en la Figura Z2a, aungue pueden moldearse disefios
concebibles en la barra 10. La Figura Z2a ilustra un disedio 7
gue comprende una plﬁralidad de circulos 4 y anillos 4. La
vista del corte transversal mostrada en la Figura 2b indica
la topografia variable que puede obtenerse con el moldeo de
masa. De manera similar, la vista del corte transversal
mostrado en la Figura 2 muestra que el disefio 7 incluye
proyecciones 6 angulares en el centro de los anillos 4.

La receta de la masa debe proporcionar una masa
capaz de laminarse y calibrarse con un grosor menor que 1
milimetro para su uso en la barra 10. Ademéds, las capas 1 y 3
de masa estan hechas a partir de una composicidédn de masa que
comprende por lo menos harina, almidén modificado y enzimas.
La cantidad de harina, tal como harina de trigo, presente en
la composicién de masa va de entre alrededor de 30% y 80% en
peso de la composicidén total de masa. El almidén modificado
incluido en la composicidén de masa constituye entre alrededor
de 3% y 20% en peso de la composicidén total de masa. Por
ejemplo, el almiddén modificado puede ser un almidén de maiz
ceroso. Cualquier enzima de degradacidén de pentosano adecuada
puede incluirse en la composicidén de masa en una cantidad de

entre alrededor 0.1% y 0.4% en peso de la composicidédn total

S
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de masa. La enzima puede ahnadirse como una solucidén diluida,
tal como una solucidén que contiene una parte en peso de un
concentrado enzimatico y nueve partes en peso de agua. De
preferencia, la composicién de masa no incluye la reduccidn
que comprende grasas transgénicas. La Tabla 1 proporciona
muchos de los ingredientes de la composicién de masa de una
modalidad ejemplar de la barra.

Tabla 1 Ingredientes de Composicidén de la Masa

Ingredientes Porcentaje en peso
Agua 17.0%
Harina de trigo 45.28%
Harina de avena 11.32%
Almidén modificado 5.15%
Enzimas 0.01%
Gluten de trigo 1.04%
Inulina 3.22%
Azdcar 3.66%
Grasa 7.7%
Agente catalizador 0.9%
Levadura 0.04%
Sal 0.89%
Emulsionante 0.26%
Saborizante 0.23%

‘Las capas 1 y 3 de masa, al hornearse, muestran una
fextura similar a las galletas saladas, que puede
determinarse en términos cualitativos mediante wun panel
sensorial utilizando un sistema tal como el Analisis
Descriptivo Cualitativo (QDA) y/o en términos cuantitativos
al medir el peso requerido para fracturar la capa de masa. El
peso requerido para romper las capas 1 y 3 de masa, que

tienen una textura de galleta salada, va de entre alrededor
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de 0.09 kg y 1.40 kg.

Como se debate en 1lo ahterior, la capa 5 de relleno
de la barra 10 puede ser ya sea dulce o apetitosa. En una
modalidad, la capa 5 de relleno puede comprender fruta, tal
como frésa y/o manzana, ciruela pasa, pina, durazno o
ardndanos. De manera importante, la composicién de relleno
tiene un alto contenido de sélidos y un bajo nivel de
humedad, lo que ayuda a minimizar la transferencia de humedad
de la capa 5 de relleno a las capas 1 y 3 de masa, con lo que
se mantiene la textura crujiente de las capas 1 y 3 de masa
horneada. De preferencia, la composicién de relleno incluye
entre alrededor de 75% y 80% de sélidos, menos de 2% de agua
y una actividad de agua reducida, tal como entre alrededor de
0.56 y 0.65. Los sdélidos pueden proporcionarse mediante
varios de los ingredientes de la composicién de relleno, tal
como la fruta, pectina, azlcar, almiddén, etc. Ademas, los
trozos o inclusiones de fruta o verduras gque tienen un
contenido de humedad por debajo de alrededor de 5.5% también
pueden incluirse en el relleno. Algunos ejemplos de
inclusiones abarcan pasas, aréndanos deshidratados, trozos de
manzana deshidratada y trozoé de tomate deshidrato. De manera
similar a la composicién de masa, la composicién de relleno
de preferencia no incluye ninguna fuente de grasas
transgénicas. La Tabla 2 en lo siguiente incluye varios

ingredientes para una composicién de relleno de fruta de una
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modalidad de la barra.

Tabla 2 Composicién de Relleno de fruta

Ingredientes Porcentaje en peso
Azlcar 27.97%
Fructuosa 24.12%
Glicerina 12.0%
Fresa 10.0%
Manzana 7.0%
Dextrosa 8.73%
Almidén modificado 5.50%
Pectina 1.35%
Acido citrico 0.75%
Agua 0.89%

La presencia de pectina, almidén y, opcionalmente,
estabilizadores de goma, puede contribuir a la elevada
estabilidad de resistencia al calor (RHS) de la composicién
de relleno. La RHS se define como el porcentaje de masa de
una composicidén que permanece'después del horneado, de esta
manera, una composicién de relleno con un valor de RHS de 90%
perderia 10% de su masa durante el proceso de horneado. La
RHS de la composicién de relleno utilizada para la capa 5 de
relleno debe tener por lo menos 90% y de preferencia por 1lo
menos 97%. Ademds, de manera ventajosa, la composicidén de
relleno en la capa 5 de relleno no se expande mas alld de los
bordes de las capas 1 y 3 de masa durante el horneado. La
pectina, almidén y estabilizadores de goma opcionales también
sirven para ayudar a retener la humedad dentro de la capa 5
de relleno y son un factor que contribuye a la actividad baja

de agua de la composicidédn de relleno. Esto es importante, ya
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que la retencidén de humedad impide que la capa 5 de relleno
se deshidrate y que las capas 1 y 3 de masa se humedezcan con
el paso del tiempo.

Las modalidades de 1la barra 10 horneada pueden
producirse al emplear, por ejemplo, el sistema 50 del aparato
ilustrado en la Figura 3. El1 sistema 50 incluye por 1lo
general una seccidén 40 de calibracién, una seccidén 42 de
laminacidén y una seccidén 44 de acabado. La seccidén 40 de
calibracién comprende por lo dgeneral wuna unidad 12 de
liberacidén de masa, un distribuidor 14 de masa, un primer vy
segundo formador 16 y 18 de laminado de masa y una pluralidad
de rodillos 20 calibraddres y unidades 22 de calibracién. De
preferencia, la masa se transporta a lo largo del sistema 50
del aparato utilizando una pluralidad de transportadores 24,
pero cualquier equipo o método adecuado puede emplearse para
transferir las capas de masa entre los diferentes elementos
del sistema 50 del aparato.

En la seccidén 40 de calibracidén, la masa mezclada
de manera sustancialmente homogénea se proporciona primero a
la wunidad 12 de liberacién de masa. La wunidad 12 de
liberacidén transfiere la masa al distribuidor 14 de masa, que
posteriormente desvia una primera porcién de la masa a un
primer formador 16 de laminado de masa y una segunda porcidn
de la masa a un segundo formador 18 de laminado de masa. Como

se muestra, el primer formador 16 de laminado de masa también
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puede contener dos o mas rodillos 20 calibradores. Cuando la
primera porcién de masa pasa a través del primer formador 16
de laminado de masa, se produce una primera lamina de masa.
Los rodillos 20 calibradores reducen posteriormente el grosor
de la primera l&mina de masa por debajo de 1 milimetro (mm),
opcionalmente por debajo de 0.9 mm o alrededor de 0.83 mm, lo
que forma una primera capa de masa calibrada.

Los rodillos calibradores pueden ubicarse de manera
opcional en una wunidad 22 de calibracién separada como se
ilustra en combinacién con el segundo formador 18 de laminado
de masa. La segunda porcidén de masa pasa a través del segundo
formador 18 de laminado de masa y se produce una segunda
lamina de masa. La segunda lamina de masa puede transportarse
lejos del formador 18 a través de un transportador 24 vy
llevada a la unidad 22 de calibracién. Ademés, uné lamina de
masa puede calibrarse varias veces. La Figura 3 muestra tres
unidades 22 de <calibracidén en secuencia vy separadas por
transportadores. Las unidades 22 de calibracién reducen el
grosor de la segunda lamina de masa por debajo de 1 mm, de
manera opcional por debajo de 0.9 mm o alrededor de 0.83 mm,
lo que forma una segunda capa de masa calibrada.

A continuacién, la primera y segunda capas de masa
calibrada son transportadas a la seccién 42 de laminacidn. La
seccién 42 de laminacién comprende por lo general por 1lo

menos un decantador 26 de relleno, un alimentador 27 de capas

'y
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de masa y una unidad 28 de calibracidén. Con referencia a la
Figura 4, se deposita un relleno en la segunda capa calibrada
conforme pasa por debajo de uno o méds decantadores 26. En una
modalidad, el relleno se deposita en una serie de hileras
largas ubicadas adyacentes entre si en toda la anchura de la
segunda capa de masa calibrada, sin embargo, puede utilizarse
cualquier método adecuado para depositar el relleno en la
segunda capa de masa calibrada para cubrir por completo y de
manera sustancial 1la . superficie de la capa de masa. La
primera capa de masa calibrada es transportada, de
preferencia desde la parte superior, y es introducida por el
alimentador 27 de capas de masa para yacer encima de la
segunda capa de masa calibrada y rellenar y formar una
ldmina. La Figura 5 muestra una vista en acercamiento de la
formacién de 1la l&mina de acuerdo con una modalidad. De
nuevo, con refefencia a la Figura 3, la lamina de la primera
capa de masa calibrada/relleno/segunda capa de masa calibrada
se somete a un proceso de calibracidén en una unidad 28 de
calibracidén, que reduce ligeramente el grosor de la lamina a
menos de 4 mm, y de preferencia alrededor de 3.65 mm.

La seccién 44 de acabado comprende un cortador 30,
un alimentador 32 de banda y un aplicador 34 de brillo. La
lédmina calibrada es transportada a un cortador 30, que
incluye cuchillas delgadas para separar la lamina en trozos

individuales, tales como barras. El cortador 30 comprende

N
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ademas de manera opcional un molde de disefio para imprimir un
disefio en la superficie superior de la 1léamina, al mismo
tiempo que la lamina se corta en barras. Como se debate en lo
anterior, la Figura 2a ilustra un disefio de muestra y la
Figura 1 muestra una barra 10 a la que se le ha impreso el
disefio de la Figura 2a. En ciertas modalidades, la cubierta 9
se ariade a las barras laminadas utilizando un alimentador 32
de banda o una tolva (no mostrada). También es opcional la
aplicacidén de una composicidén de brillo en el aplicador 34 de
brillo. La composicidén para dar brillo puede comprender una
proteina de leche, agua y azucar y puede funcionar para
asegurar la cubierta 9 a la superficie de la barra 10.

Las barras 10 laminadas se hornean en un horno, tal
como un horno de conveccidén. Durante el horneado, se expulsa
la humedad de 1las barras 10 laminadas mediante agujeros
realizados en las capas de masa calibrada para evitar la
generacién de canales de aire dentro de las barras; La
cantidad de humedad producida por las barras 10 laminadas
durante el horneado también se minimiza a través del uso de
un perfil de horneado leve diseflado para impedir que la
composicién de relleno hierva. Primero, las barras 10 se
hornean a alrededor de 95°C, luego la temperatura se eleva un
poco a entre alrededor de 210-220°C durante el tiempo de
horneado, gque puede ser de aproximadamente once minutos. El

contenido de humedad final de la barra 10 regularmente se

20



10

15

20

25

15

encuentra entre alrededor de 8% y 10% y el grosor final de la
barra 10 es de preferencia menor que 7 mm.

Para minimizar la ruptura de las capas 1 y 3 de
masas después del horneado, la barra 10 se enfria lentamente
una vez que se ha retirado del horno. La barra puede
enfriarse durante alrededor de 10 a 15 minutos en un tunel de
enfriamiento, en el que ia barra 10 entra en contacto con
alre seco que tiene, por ejemplo, una temperatura de
alrededor de 10°C a 15°C. Antes del embalaje, la barra 10
debe enfriarse a alrededor de 42°C a 47°C, después de 1lo
cual, las barras 10 horneadas laminadas pueden embalarse de
manera individual en depédsitos.

Una ventaja de las modalidades de 1la barra 10
laminada descrita en la presente es que logra un equilibrio
de sabor y textura atractivo. Las capas de masa son delgadas
y crujientes, similares a. galletas saladas, mientras que el
relleno permanece humedo y lleno de sabor. El uso de una
composicidén de relleno con una baja actividad de agua ayuda a
retener la humedad dentro de la capa de relleno, lo que
impide que las capas de masa crujientes absorban la humedad
del relleno y se humedezcan.

Las variaciones y modificaciones que aparecen en lo
anterior se encuentran dentro del alcance de la presente
invencidén. Debe entenderse que la invencidén descrita vy

definida en la presente abarca todas las combinaciones

2]
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alternativas de dos o mds de las caracteristicas individuales
mencionadas o evidentes a partir del texto y/o los dibujos.
Todas estas combinaciones diferentes constituyen varios

aspectos alternativos de la presente invencidn. Las

modalidades descritas en la presente explican los mejores

modos conocidos para practicar la invencidn y permitirdn que
otras personas con experiencia en la técnica utilicen la
invencién. No debe interpretarse que 1las reivindicaciones
incluyen modalidades alternativas en la medida de lo

permitido por la técnica anterior.

22



10

15

20

25

17

REIVINDICACIONES

1. Una barra horneada caracterizada porque
comprende:

una primera capa de masa;

una segunda capa de masa, cada una de la primera y
segunda capa de masa comprende harina de trigo, almiddn
modificado y enzimas; y

una capa de relleno que tiene una estabilidad de
resistencia al calor mayor qﬁe alrededor de 90%, la capa de
relleno se dispone entre la primera y segunda capa de masa y
se extiende sustancialmente a todos los bordes de la primera
y segunda capa de masa,

en donde cada una de la primera y segunda capa de
masa tiene una textura similar a una galleta salada.

2. La Dbarra horneada de conformidad con 1la
reivindicacién 1, caracterizada ademds porque comprende una
composicidén de cobertura que comprende avena.

3. La barra horneada de <conformidad con la
reivindicacién 1, caracterizada porque ninguna de la capa de
relleno, primera capa de masa O segunda capa de masa contiene
una reduccidén que incluya grasas transgénicas.

4. La barra horneada de —conformidad <con 1la
reivindicacién 1, caracterizada porgque la barra tiene un
contenido de humedad de entre alrededor de 8% y 10%.

5. La barra horneada de conformidad con la

23
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reivindicacién 1, caracterizada porque el grosor de la barra
es menor que 7 milimetros.

6. La Dbarra horneada de <conformidad con la
reivindicacién 1, caracterizada porque la capa de relleno
comprende una actividad de agua de entre 0.56 y 0.65.

7. La barra horneada de conformidad con la
reivindicacidén 1, caracterizada porque la capa de ‘relleno
comprende entre alrededor de 75% y 80% de sélidos.

8. Una composicién de relleno para una -barra
laminada caracterizada porque comprende:

por lo menos una fruta;

almiddén modificado;

- pectina; vy

trozos de inclusidn;

en donde la composicién de relleno tiene un
contenido de sélidos de por lo menos alrededor de 75% y una
estabilidad de resistencia al calor de por lo menos 90%.

9. La composicién de relleno de conformidad con la
reivindicacién 8, caracterizada porque la estabilidad de
resistencia al calor es mayor que alrededor de 97%.

10. La composicidén de relleno de conformidad con la
reivindicacién 8, caracterizada porque la composicidén de
relleno tiene una actividad de agua de entre 0.56 y 065.

11. La composicidén de relleno de conformidad con la

reivindicacién 8§, caracterizada porque los trozos de

2y
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inclusién comprenden un material seleccionado del grupo que
consiste de pasas, arédndanos deshidratados, trozos de manzana
deshidrata, trozos de tomate deshidratado y mezclas de los
mismos.

12. La composicién de relleno de conformidad con la
reivindicacidén 8, caracterizada porque la fruta comprende
fresa y/o manzana.

13. Un método para elaborar una barra horneada,
caracterizado porque comprende:

proporcionar una primera capa de masa calibrada y
una segunda capa de masa calibrada;

depositar un relleno en la segunda capa de masa
calibrada, el relleno comprende una estabilidad de
resistencia al calor de por lo menos 90%;

colocar la primera capa de masa calibrada encima
del relleno para formar una lamina;

calibrar la lamina para reducir el grosor de la
ldmina a menos de 4 milimetros;

cortar la lémina en barras; y

hornear las barras, la etapa de horneado comprende
hornear las barras a una temperatura inicial de alrededor de
95%, seguido por un incremento lento de la temperatura a
entre alrededor de 210-220°C;

en donde el relleno es visible y se extiende de

manera sustancial a todos los bordes de la primera y segunda

28
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capa de masa de las barras horneadas.

14. E1 método de conformidad con la reivindicacidn
13, caracterizado porque la barra horneada tiene un contenido
de humedad de entre alrededor de 8% y 10%.

15. El método de conformidad con la reivindicacién
13, caracterizado porque el relleno comprende fruta.

16. E1 método de conformidad con la reivindicacién
13, caracterizado porque la primera capa de masa calibrada
cubre el relleno de manera sustancialmente uniforme.

17. E1 método de conformidad con la reivindicacidn
13, caracterizado porque las barras se hornean durante un
tiempo de aproximadamente 11 minutos.

18. E1 método de conformidad con la reivindicacidn
13, caracterizado ademds porque comprende la etapa de moldear
un disefio en la superficie de la lé&mina.

19. E1 método de conformidad con la reivindicacién
13, <caracterizado ademds porque comprende la etapa de
realizar agujeros en la primera y segunda capa de masa
calibrada.

20. E1 método de conformidad con la reivindicacidn
13, caracterizado porque cada una de la primera y segunda

capa de masa tiene una textura similar a una galleta salada.
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examination must be fiied if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
data {in some Offices even later): otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

in respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand Is filed within 19
months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's
Guide, Volume II, National Chapters and the WIPO intemst site.

Name and mailing address of the Intemational Searching Authority | Authorized officer

T\ European Patent Office, P.B. 5818 Patentlaan 2

) NL-2280 HV Rijswijk Eva Brell
. 0) e (+31-70) 340~2040, Tx. 31 651 epo nl,

> _ Fax: (+31-70) 340-3016

Form PCT/iISA/220 (October 2005) (See notes on accompanying sheet)



NOTES TO FORM PCT/ISA/220

These Notes are intended to give the basic instructions concerning the filing of amendments under qrticle 19. The
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information, see aiso the PCT Applicant’s Guide, a publication of WIPO.

In these Notes, "Article*, "Rule”, and "Section® refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the written opinion of the international
Searching Authority, one opportunity to amend the claims of the international application. It should however be emphasized
that, since all parts of the international application (claims,description and drawings) may be amiended during the
international pretiminary examination procedure, there is usually no need to file amendments of the claims under Article 19
except where, e.g. the appticant wants the latter to be published for the purposes of provisional protection or has another
reason for amending the claims before intemational publication. Furthermore, it should be emphasized that provisional
protection is available in some States only (see PCT Applicant's Guide, Volume VA, Annexes B1 and 82).

The attention of the applicant is drawn to the fact that amendments to the clalms under Article 19 are not allowed where
the International Searching Authority has declared, under Article 17(2), that no international search report would be
established (see PCT Applicant’s Guide, Volume I/A, paragraph 296).

What parts of the international application may be amended?

Under Article 19, only the claims may be amended.

During the intemational phase, the claims may also be amended {or further amended) under Article 34 before the
International Preliminary Examining Authority. The description and drawings may only be amended under

Article 34 before the International Examining Authority.

Upon entry into the national phase, all parts of the international application may be amended under Article 28 or,
where applicable, Article 41.

When? Within 2 months from the date of ransmittal of the international search report or 16 months from the priority date,
" whichever time limit expires later. It shouid be noted, however, that the amendments will be considersd as having
been received on time if they are received by the International Bureau after the expiration of the applicable time
limit but before the completion of the technical preparations for international publication (Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the International Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a demand for internationat preliminary examination has been/is filed, see below.

How? Either by cancelling one or more entire claims, by adding one or more new claims or by améhdlng the text of one
or more of the claims as filed.

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or
amendments, differs from the sheet originally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is
cancelled, no renumbering of the other claims is required. tn all cases where claims are renumbered, they must be
renumbered consecutively (Section 205(b)).

The amendments must be made in the language in which the international application is to be published.

What documents must/may accompany the amendments?
Letter (Section 205(b)):
The amendments must be submitted with a letter.

The letter will not be published with the intemational application and the amended claims. it should not be
confused with the “Statement under Article 19(1)” (see below, under “Statement under Article 19(1)*).

The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the language of the international application
is French, the letter must be in French.

Notes to Form PCT/ISA/220 (first shest) (October 2005)




NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the differences between the claims as filed and the claims as amended. it must, in
particular, indicate, in connection with each claim appearing in the internationat application (it being understood
that identical indications conceming several claims may be grouped),whether

(i) the claim is unchanged;

(i) the claim is cancelled;

(i} the claim is new;

(iv) the claim replaces one or more claims as filed;

(v) the claim is the result of the division of a claim as filed.

The following examples illustrate the manner in which amendments must be explained in the
accompanying letter:

1. [Where originally there were 48 claims and after amendment of some claims there are 51}
*Claims 1 to 29, 31, 32, 34, 35, 37 t0 48 replaced by amended claims bearing the same numbers;
ciaims 30, 33 and 36 unchanged; new claims 49 to 51 added.”

2. {[Where originally there were 15 claims and after amendment of all claims there are 1 12 .
*Claims 1 to 15 replaced by amended claims 1 to 11.°

3. [Where originally there were 14 claims and the amendments consist in cancelling some claims and in adding
new claims]:
*Claims 1 t0 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or
*Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.”

4. [Where various kinds of amendments are made}:
"Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended ciaims 15, 16 and 17; new claims 20 and 21 added.”

“Statement under article 19(1)" (Rule 46.4)

The amandments may be accompanied by a statement explaining the amendments and indicating any impact
that such amendments might have on the description and the drawings (which cannot be amended under Article 19(1)).

The statement will be published with the international application and the amended claims.
It must be in the language in which the international application is to be published.
1t must be brief, not exceeding 500 words if in English or if translated into English.

It should not be confused with and does not replace the letter indicating the differences between the claims as filed
and as amended. It must be filed on a separate sheet and must be idantified as such by a heading, preferably by
using the words "Statement under Article 19(1)."

It may not contain any disparaging comments on the international search report or the refevance of citations
contained in that report. Reférence to citations, relevant to a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

Consequence if a demand for international preliminary examination has already been filed

If, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for
intemational preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments (and any statement ) with the Intsmational Bureau, also file with the Intemational
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
translation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Notes to the demand form (PCT/IPEA/401).

if a demand for intarnational prefiminary examination is made, the written opinion of the Intemational Searching
Authority will, except in certain cases where the International Preliminary Examining Authority did not act as
International Searching Authority and where it has notified the Internationat Bureau under Rule 66.1bis{b), be
considered to be a writtan opinion of the Intemnational Prefiminary Examining Authority. If a demand is made, the
applicant may submit to the International Prelfiminary Examining Authority a reply to the written opinion together,
where appropriate, with amendments before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later (Rule 43bis.1(c)).

Consequence with regard to translation of the international application for entry into the national phase

The applicant's atte_ntion is drawn to the fact that, upon entry into the national phase, a translation of the claims as
amended under Article 19 may have to be furnished to the designated/elected Officas, instead of, or in addition to,
the translation of the claims as filed.

Co; furthl?r detaiis on the requirements of each designated/elected Office, see the PCT Applicant’s Gulde,
owme Il

Notes to Form PCT/ISA/220 (second shest) (October 2005)




PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

{PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER soe Form PCTASA220
elt as, where licable, item 5 below.

P0800OWOO ACTION as well as, where app

International application No. International filing date (day/month/year) (Eartiest) Priority Date (day/month/year)

PCT/IB2008/002933 31/10/2008 31/10/2007

Applicant

CORPORATIVO INTERNACIONAL MEXICANO. S, DE R.L. ...

This intemational search report has been prepared by this international Searching Authority and is transmitted to the appiicant
according to Article 18. A copy is being transmitted to the Intemational Bureau.

This intemational search report consists of a totat of 4 sheets.
it is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carrled out on the basis of:

the international application in the tanguage in which it was filed

D a translation of the intemational application into , which is the language
of a translation fumished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. [[] withregard to any nucleotide and/or amino acid sequence disclosed in the intemational application, see Box No. 1.
2, [[] certain claims were found unsearchable (See Box No. i)
3. D Unity of invention is lacking (see Box No i1}

4. With regard to the title,
the text is approved as submitted by the applicant
[]  thetext has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No.
D as suggested by the applicant
[[] asselected by this Authority, because the applicant failed to suggest a figure .
D as selected by this Authority, because this figure better characterizes the invention
b. none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (April 2007)



INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2008/002933

. CLASSIFICATION OF SUBJECT MATTER

?NV. A23L1/00 A21D13/00 A21D10/00

According to Intemational Patent Classification (IPC) or to both national classification and IPC

8. FIELDS SEARCHED

Minimum documentation searched (classification system followad by classification symbols)

A23L A21D

Documentation searched other than minimum documentation to the extent that such documents are included in the fiekis searched

Electronic data base consulted during the international search (name of data base and, where practical, search lerms used)

EPO-Internal, WPI Data, FSTA

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® | Ciation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2004/185158 Al (MCHUGH EDWARD KEVIN 1-20
[US] ET AL) 23 September 2004 (2004-09-23)
the whole document

Y 1-20
Y o US 6 299 916 B1 (DALLY VERNETTA L [US] ET 1-20
AL) 9 October 2001 (2001-10-09)

examples 1-3
claims 1-18

Y JP 2002 051688 A (NITTO FLOUR MILLING) 1-20
19 February 2002 (2002-02-19)
abstract

Y US 2006/051482 Al (THORPE ALAN [CA]) 1-20

9 March 2006 (2006-03-09)
the whole document

-/

IZI Further documents are listed in the continuation of Box C. E See patent family annex.

* Special categories of cited documents :
P g0 ‘T later document published after the international filing date
or priority date and not in conflict with the application but

‘A" document defining the general state of the art which is not i i
considered o be of particular relevance ?1333\ :& :ndersland the principle or theory underlying the
°E* earfier document but published on or after the international " dox t of particular rel ce: the claimed invention
fling date cannot be considered novel or cannot be considered to
i devchui;,m_nt v;hlgh may t&l;g;v‘goubli l?n pﬁo% dafim(s) or involve an inventive step when the document is {aken alone
is cited to establi e publication date of another v+ document of . . i f i
o . iy particular relevance; the claimed invention
citation or other spedial reason (as specified) cannot be considerad to involve an inventive step when the
*0O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior 1o the international filing date but in the art.
tater than the priority date claimed ‘&* document mernber of the same patent family
Date of the actual compietion of the international search Date of maiilng of the intemational search report
5 June 2009 30/06/2009
Name and maifing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340~3016 Korb, Margit

Form PCT/SA/210 (second sheat) (April 2005)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2008/002933

C{Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Categorj'

Citation of document, with indication, where appropriate, of the relevani passages

Relevant to claim No.

Y

WO 2007/041679 A (ASHOURIAN JAMSHID [US];
KEELER LAURIE J [US]; SMITH DURWARD A
[US]) 12 April 2007 (2007-04-12)

page 1, paragraph 2

page 45, paragraph 2

claims 1-44

CHARLES,A.L. ET AL: "Role of intact
starch granules and gluten on texture of
Taiwanese flaky snack"

JOURNAL OF TEXTURE STUDIES,

vol. 35, no. 3, 2004, pages 311-323,
XP002530797

the whole document

WEENA SRISAWAS AND JINDAL V.K.:

"Acoustic testing of snack food cr1spness
using neural networks"

JOURNAL OF TEXTURE STUDIES,

vol. 34, 2003, pages 401-420, XP002530798
the whole document

VICKERS, Z.M. ET AL: "Relationships
between sensory crispness and other
sensory and instrumental parameters"
JOURNAL OF TEXTURE STUDIES,

vol. 11, 1980, pages 291-307, XP002530799
MAZUMDER ET AL: “"Textural attributes of a
model snack food at different moisture
contents”

JOURNAL OF FOOD ENGINEERING, BARKING,
ESSEX, GB,

vol. 79, no. 2, 1 March 2007 (2007-03-01),
pages 511-516, XP005694739

ISSN: 02608774

the whole document

ROUDAUT 6 ET AL: "Crispness: a critical
review on sensory and material science
approaches”

TRENDS IN FOOD SCIENCE AND TECHNOLOGY,
ELSEVIER SCIENCE PUBLISHERS, GB,

vol. 13, no. 6-7,

1 June 2002 (2002-06-01), pages 217-227,
XP004394597

ISSN: 0924-2244

the whole document

1-20

1-20

1-20

1-20

1-20

1-20
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N

International application No

Information on patent family members PCT/1B2008/002933
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2004185158 Al 23-09-2004  NONE
US 6299916 Bl 09-10-2001  NONE
JP 2002051688 A 19-02-2002 JP 4165988 B2 15-10-2008
US 2006051482 Al 09-03-2006 CA 2435856 Al 31-01-2004
Us 2004022900 Al 05-02-2004
US 2006013935 Al 19-01-2006
Us 2009110779 Al 30-04-2009
W0 2007041679 A 12-04-2007 AU 2006299381 Al 12-04-2007
CA 2624753 Al 12-04-2007
EP 1933639 A2 25-06-2008
JP 2009509567 T 12-03-2009

Formm PCT/ISA/210 (patent family annex) (April 2005)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To: e e o ey PCT '

: WRITTEN OPINION OF THE
\INTERNATIONAL SEARCHING AUTHORITY

.0 (PCT Rule 43bis.1)

see form PCTA M

Date of mailiﬁg
ymonthiear) see form PCTASAR210 (second sheet)

[ Applicants or agents file reference < . ' cOR FURTHER ACTION
see form PCTASA220 See paragraph 2 below
“International applicatk;n No. international filing date (dayinonthrear) Priority ciate (day/inontf;;j/ear) o7

PCTAB2008/002933 31.10.2008 31.10.2007

international Patent Classification (IPC) or both nationalhclassiﬁcaﬁon and IPC
INV. A23L100 A21D13/00 A21D10/00

"Applicant
CORPORATIVO INTERNACIONAL MEXICANO. S. DERL. ...

1.  This opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. Il Priority
Box No. Il Non-establishment of apinion with regard to novelty, inventive step and industrial applicabiiity

Box No. IV Lack of unity of invention

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI  Certain documents cited
Box No. VIl Certain defects in the international application
Box No. Viil  Certain observations on the international application

000 KODODORK

2.  FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/220.
3.  For further details, see notes to Form PCTASA/220.

Name and mailing address of the ISA: Date of completion of Authorized Officer
— this opinion o e,

;@) European Patent Office see form Korb, Margit : -0)» i'

D-80298 Munich PCTASAR10
Tel. +4989 2399 -0 - Telephone No. +49 89 2399-8639 ey
Fax: +49 89 2399 - 4465

Form PCTASA/237 (Cover Sheet) (April 2005)



WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2008/002933

Box No.1 Basis of the opinion

. With regard to the language, this opinion has been established on the basis of:

(1 the international application in the language in which it was filed

O a translation of the international application into , which is the fanguage of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b}).

. O This opinion has been established taking into account the rectification of an obvious mistake authorized

by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and

necessary to the claimed invention, this opinion has been established on the basis of:
a. type of material:
[0 asequence listing
O table(s) related to the sequence listing
b. format of material:
0 on paper
0 in electronic form
¢. time of filingfurnishing:
O contained in the international application as filed.
0O filed together with the international application in electronic form.

»L_.] furnished subsequently to this Authority for the purposes of search.

. O inaddition, in the case that more than one version.or copy of a sequence listing and/or table relating thereto

has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Form PCTASA/237 (April 2007)
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INTERNATIONAL SEARCHING AUTHORITY

International application No.
PCTAB2008/002933

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to noveity, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N)

inventive step (IS)

Industrial applicability (I1A)

2. Citations and explanations

see separate sheet

Form PCTASA/237 (April 2007)
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‘WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/1B2008/002933

Re ltem V.
1. Reference is made to the following documents:

D1: US 2004/185158 A1 (MCHUGH EDWARD KEVIN [US] ET AL) 23
September 2004 (2004-09-23)

D2: US-B1-6 299 916 (DALLY VERNETTA L [US] ET AL} 9 October 2001 (2001-
10-09) ' '

D3: JP 2002 051688 A (NITTO FLOUR MILLING) 19 February 2002 (2002-02-
19) .

D4: US 2006/051482 A1 (THORPE ALAN [CA]) 9 March 2006 (2006-03-09)

D5: WO 2007/041679 A (ASHOURIAN JAMSHID [US]; KEELER LAURIE J [US];
SMITH DURWARD A [US]) 12 April 2007 (2007-04-12)

D1 (cf. claims 1-32) discloses a triple coextruded baked good (snack product) having a
bar shape with a desired substantially smaller height than width and comprising
concentric fillings which are visually apparent at opposing cut ends of the baked piece.
Any conventional filler materials for a snack product may be used as a core or first filler
and the middle or second filler (paragraph 0083). The casing material may be any
conventional leavenable snack dough (paragraph 0084). A first and second dough layer
comprising flour and modified starch and enzyme as stated in the claims is not
disclosed in D1. D1 is concerned with the problem of avoiding visual smearing of one
layer of filling into another (paragraph 0022).

D2 discloses snack bars comprising one dough layer as bottom layer and a filling layer
as upper layer. The filling layer comprises modified starch and the dough layer
comprises wheat flour but no modified starch and enzyme (cf. D2, examples 1-3) as
stated in the present claims. D2 (cf. col.1, .39-56) solves the problem of shelf-stability.

D3 (abstract) discloses a Japanese-fashioned baked snack produced from a dough
composition comprising wheat flour, sparingly soluble granular powder and at least one
component selected from different starches modified products thereof. However D3
(abstract) neither discloses a snack bar comprising a first and a second dough layer
with a specifically disposed filling layer nor does D3 mention an enzyme comprised in
the dough. D3 solves the problem of obtaining a dough composition which gives a crisp

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005) %



WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/IB2008/002933

feeling on the surface thereof, moist and creamy feelings of the inside.

D4 (cf. claims 1-27 and examples 1-7) discloses a batter composition for coating food
pieces comprising modified starch. D4 (cf. paragraph 0016) solves the problem of
retarding crispness of the food pieces. A snack bar as claimed is not mentioned in D4.

D5 (cf. p.1, paragraph 2, claims 1-44) discloses low-fat, fat-free or full-fat snack food
products, in which the food pieces are treated with an enzyme. D5 (p.45, paragraph 2)
mentions crisp and crunchy, snack products which crispness is evaluated by a specific
Texture Analyzer (measurement for fracturing force) and Audio Envelope Detector
(measurement for acoustic levels). A snack bar comprising a first and a second dough
layer and a specifically deposited filling as claimed is not disclosed in D5.

2. Although the specifc layers of the claimed snack bar and the calibrating feature of
the dough layer stated in the process claims is not mentioned in any single document
mentioned above, the claimed subject-matter is not considered to involve an inventive
step for the following reason:

The problem to be solved of the claimed subject-matter is to provide a snack bar
comprising a dough composition that exhibits a cracker-like texture and a filling that
remains soft without causing the crunchy dough layers to become soggy (compare with
e.g. p.2, paragraph 2). However the statement of the feature "wherein the first and
second dough layers each have a cracker texture" in claim 1 is not clear since it is in
contradiction with the description (cf. p.3, last paragraph to p.4, paragraph 1).
According to the description the texture of the snack bar may be varied by additives.
Thus it is not clear which texture should fall under the scope of claim 1 (from delicate
and crispy to bold and crunchy texture or an "in-between" texture). Moreover the
qualitative and quantitative measuring data for the cracker-like texture upon baking as
described on page 5 (paragraph last but one) is considered to be incomplete (compare
also with D5 (p.45, paragraph 2) which indicates specific analyzer and detector and
specific measurement conditions). Hence the product claims 1-12 do not meet the
requirements of Art. 6 PCT.

Furthermore the process claims do not define the components of the first and second
dough layer as required for the claimed product but define the calibrating of the dough
layers and baking conditions. Thus it is not clear which features are essential for the
claimed subject-matter. In absence of a clear feature which defines the desired texture
in the claims, and due to different essential features in the independent product claim

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/1B2008/002933

and method claim, the claimed subject-matter does not meet the requirements of Art. 6
PCT and it is not considered to involve an inventive step. The layer compositions
defined in claim 1 is considered obvious for a snack bar from D1, D2 and D3 (Art.
33(3) PCT and Art. 6 PCT). The calibrating process for the dough layer compositions
and baking conditions stated in claim 13 are obvious for the skilled person from
common knowledge and/or at least from D1 (Art. 6 PCT and Art. 33(3) PCT).

3. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art
disclosed in the documents D1 to D5 is not mentioned in the description, nor are these
documents identified therein.

Form PC'TIISA/237 {Separate Sheet) (Sheet 3) (EPO-April 2005)
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Possible steps after receipt of the international search report (ISR) and
written opinion of the International Searching Authority (WO-1SA)

General
information

Amending claims
under
Art. 19 PCT

Filing a demand
for international
preliminary
examination

Filing informal
comments

End of the
international
phase

Retevant PCT
Rules and more
information

BNSDOCID: <XS, ._200704010CK | >

For all international applications filed on or after 01/01/2004 the competent
ISA will establish an ISR It is accompanied by the WO-ISA. Unlike the
former written opinion of the IPEA (Rule 66.2 PCT), the WO-ISA is not
meant to be responded to, but to be taken into consideration for further
procedural steps. This document explains about the possibilities.

Within 2 months after the date of mailing of the ISR and the WO-ISA the
applicant may file amended claims under Art. 19 PCT directly with the
International Bureau of WIPO. The PCT reform of 2004 did not change
this procedure. For further information please see Rule 46 PCT as well as
form PCT/1SA/220 and the corresponding Notes to form PCT/1SA/220.

In principle, the WO-1SA will be considered as the written opinion of the
|PEA. This should, in many cases, make it unnecessary to file a demand for
international preliminary examination. If the applicant nevertheless wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the 1SR/ WO-ISA or 22 months after priority
date, whichever expires later (Rule 54bis PCT). Amendments under Ar.
34 PCT can be filed with the |PEA as before, normally at the same time as
filing the demand (Rule 66.1 (b) PCT).

If a demand for international preliminary examination is filed and no
comments/amendments have been received the WO-1SA will be transformed
by the |PEA into an IPRP (Internationai Preliminary Report on Patentability)
which would merely reflect the content of the WO-ISA. The demand can still
be withdrawn (Art. 37 PCT).

After receipt of the ISR/'WO-1SA the applicant may file informal comments
on the WO-ISA directly with the International Bureau of WIPO. These
will be communicated to the designated Offices together with the [PRP
(International Preliminary Report on Patentability) at 30 months from the
priority date. Please also refer to the next box.

At the end of the international phase the International Bureau of WIPO will
transform the WO-1SA or, if a demand was filed, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Oifices. The 1PRP replaces the former
IPER (international preliminary examination report).

Rule 43 PCT, Rule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newsletter
12/2003, OJ 11/2003, OJ 12/2003



Bitte beachten Sie, dass angefiihrte Nichtpatentliteratur (wie z.B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten fir schriftliche
Werke unterliegen kénnte. Die Vervielfaltigung urheberrechtlich
geschiitzter Texte, ihre Verwendung in anderen elekironischen oder
gedruckien Publikationen und ihre Weitergabe an Dritte ist ohne
ausdrtickliche Zustimmung des Rechtsinhabers nicht gestattet.

Veuillez noter que les ouvrages de la littérature non-brevets qui sont
cités, par exemple les documents scientifiques ou techniques, efc.,
peuvent éire protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les législations applicables. Les textes ainsi
protégés ne peuvent étre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans l'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or printed publications or re-distributed without the
express permission of the copyright holder.

XS CPRTENFRDE

BNSDOCID: <XS...._.. 2006100103CF §_>

90



o

apkEewr 0P 0 A AR (A)

(DS HRANSS
¥#2002—51688

| (P2002—51688A)
(43)AB18  THk144F 2 A19H (2002.2.19)

(51 Int.CL’ Rles FI F1-}(BE)
A21D 2/14 A21D 2/14 _ 4B014
2/16 2/16 4B032
2/18 2/18 4B036
2/34 2/34
2/36 2/36 ‘
SEHR AR BREOKS OL (£ 8 B - SMEHIR<
) HEES SSE000—244315( P2000—244315) (71)HBLA 000227488
' HEMEHALE
(22) {118 HESBRREHIN1 -3 -17

¥rki24 8 A1LR (2000.8.11)

MRHE B KE
HOBAHKNNEG - 2—1 HNBBH
KARBRERIATA

CORBE AW -

FOSRRHIKNN6 — 2— 1 ERSDH

AR R
(TORFA 100086639
fEE W

BRERIC# <

GO [BROLH] FERFv 2 HEEERREUEERC AR v 7 QA

(57) () .

[SEE] SRR L7cBRC. EMIDRES/SY /1Y & LT
BY, BHIL-L DB 7Y I—BHB . BT
DEBOBIIIAA < | B - DRI
TFL Y VR ETHMEAL T L RBOB DS R
23 7 FERERME S TR VBT Y 20
BEHELUT S,

(RERTFEL
E. 10~80X vy a0BERRRHKL . FEAY
B, BSTEN . MR LD Ta, % 28

LI 1B ERAEE LS. ZOREERT

7 AEHIZAARIZ S0 L HFE LS . wistF LA
HLB7~15T&22kpFgLn. £LT. k3
B2 v 7 Bl : O T HERL 7Ny 9 —i2B
HERMUTHERL TRBEZ T » 27 %182, SOREX
Ty 7 BERXIEHET S L WEFE L, S2REX
INGELAER Sy 21t EFL VTR B
BEFLYyYTmEd:. b idaI izl w,

BNSDOCID: <JP_____2002061688A__|_>

BT v 7 FEHERIC. NER.



BNSDOCID: <JP.

UREFERROEH ) ~

C[BERE1] EBE. 1 0~80X vy a0

IRREL . YEAHEBE . EAERE. KRNRKTH

emﬁz&#eaaﬁ;OEuntlﬁuxéaﬁfa
LR EE 3 HER Y v 2 FA R,

r ERIE2] SR ST 1 ciEsomE A

w 77 A MU .

[R183) mslildiss. HLB7~15TH5H

RIE 2 (CSRROREA T~ 7 AR

(FIEA] FEIrEn. ERERG. HRUE

RSO &% 2 BE D BIFh 2L &0,

=RIE 1 ~ SOWTFID—D OB v 7 HE

HEER . A

[BRES] FHEE]L~4OWFhh—RBON

B2 v 2 AR AT HEL LNy 9 —(cB

PEBML TR T 57 L 2 HBL TR, 70

BhEH T,

[@fmE6) WEMmRLT %ehtmﬂx+/7*ﬁ

ROULAE S B FR5 IR BOMER > v 7 DELES

&, '

(5067 WRARIIAELLNBRF 2 2 €

FL v ITHEAT 3HE6 ICHRONAA T v 7 DR

YEHE.

(HRES ] BEGELATEAF Y 7 FEFL VY

T L 7o, & Sicilb & 53 33KIE 7 i
Bty 7 NBLERE.

[FE 27 HER]) |

{06001]) '

[ READET 2 HHNTF] #S%Hmi MLM%L 4
HOFRE (B) #5UN0E LTED ., hiil-k b
& 7)) —-3—BNhHs . Kb DRSS RY SR
A+ 2 BEMERBECEREAVCRBEA T 7D
HEREIZETS., :

(0002] .

[GERDEHT) ?ﬁﬁéé\ KYsiE, yais . BIFAR
s4Y (LIT. MBRFv2 £13) ik, AERZER
& UistdRpncsk. MR THBLSY ¥~
e DEMEM L THRRL THESNS ., BILIE. #2
FERIINe =TV AL X I3H5,
MERINLTHE LA 5 S ORICHLR A,
S Ly a2 M THERLTELNS,
[0003)EENY 7 MEEMERML T, BIZYa
Ba7 CIINEH I Y — S—TEIURY L Lz w
HWLEBERNS aBESEZhAHEEICHS.
[0004]) FIERAF v 2iL, BEET ICETONER
LEKLL . BREOBEFSET2ICHEHT. BHR
PO SHRICBIT LT, /YUY & LA kb

RTKR-T<%LY, BSFhE2ELTLES S, K-

BEANDHER T v 7 ZHEXIIGEREL G, €

Ly VTEBIBL CAT AR AR ERELEEICES

20020516808A _|_>

K §ENE

(2)B2002-51688 (P2002-5A)

5.

(ooos)%wnm & GERITEEC BT A TR
F v 7 DEROEL . BIBLL CRORBRENET S

t k~MKﬁUTm;JQ&%ﬁ%T§hTNé,?

BIT6— 6 28 1 3SAMIIE. 58 . MlsRUERR

I—FLORAMEEERE LI LE2RML TS

FEMAI y 7 2APRRINTNE.

[0006 ] $$HFS - 29906 95AHITI.

(a) AERPLEL LTLZBHE. (b)) 7EFV

7% —Be . SENEvEy—HR. TeFALL
OB T X B TRy EA AR

1. EENE S CAABRRET tFLL BOEER
W72 A A ER»5BIER A 1 X 28 DR
B, B () FY I HLEEETHI L EHH
L3 BFAMGEEAXILS S HHOARIFR
<Y (A AT
[0007)E¥EL10-1509575A#ICE. /b

#5510 0EBHLTHERN S~ 2 0BRHL LY

¥ AGE ERPRRENTVE,

(0008 )HTO6~27 701 15ARHINUI. /&
BEnd Ko rabtiUbFy 7o 28E 3570 S
v ZANBRENTNS,

[0000] BET6—8665SSAMIIE. ﬁﬂ
OO0BESICH LT, AEEEH10~5085 "~
7»3/?»957%y1~1Oﬁﬁ%ﬁﬁﬁ#;&m
ShTW3 2 & PR TAIRAS s PRREA

- TWh,

(0010] TS —-3177805A%IIL, 8
TEEES = ARl B Y o 7HFE LT WiGRICE

By L RT ML RUY 2 Ty LN ERET
B L EWELTIRBAROMEFEIMREAT

%‘0
[0011]
[SEEHRRRL X 5 t‘i‘é%] kS EAF

DR TET B . AERMICET 5SS

DHHHRIESN TN S D, FERGICHEF B L5
&, B - BERERRETL UL ETENARLL

‘ BB 2 RBOSHICH LT, HHIHETS

BHEMIIRERHINTWLVODPRRTH S,

[0012] Licti>T . FFHOBMIL. SRR LR
2. EHIORE () #5)0) ELTEY ., Rl
SENE 7 U=I—BHH Y. POZNEBORRH
AL | HICRE - SERFRICETL Y VLY

- TENERL TLEROEUDS L WRIRR T v 7 AR

ﬁﬁﬁ%&lﬂ%h%ﬁﬁv\f’fﬂﬁ.Z‘f v 7 DESEF 1R
THIELHS.

[0D13] )

(BB RRT 2 RODFE] L?EEH‘J%‘E&T%K’"
& *%Bﬂﬁfﬂﬁ}t’)‘ v 7 RIS . BB L .
10~8 0 X w i OBEHRERkL . T HE

£

JL



-—

BNSDOCID: <dP__:

ﬁx%%%%%~*ﬁ&0%h6wmlﬁ#6&éﬁi
BT 1 B EEEET AL ERHRLT S,

[0014] ZORBERT v 7AEIIS HIZFALR -

2T LA L. WEFMGAPHLB7~15T
HHEIEHFELW, 2, ST HEE . BHER

NS 7 A (Y ATV R N Oﬁﬁhk.‘ _

BOLFSLILFELW,

[0015) XRBADFBEA T v 7 HBEEFEIE. BIE
R v 7 LR E BWTHAR LSy 9 -2
BHMERMLTERTA L 2HERETE,
[0016]) ZOHBAF 2 OBEERFEZHBWTL
TSR L TESICHIB Ry 7 2 BB XIIEET S
SEMFELW, 34, FENFEXIRFE LR
wIRBFLYITHERT B LWL L, S61C,
FERGE LR v 2 2ETL TR E.
ELICMbEITHIESFZLN,

(001 7) FRBUCIIUL. TR T v 7 FAHHR
Tlc. IEBL . 10~80 R v 20 BEIERRIE
k. AEAHER .. BHERR. KBRS ERLOLT
o aBL VRN 1B EREES YL LR
L0 BRUCESC. AtoRE (B) XUV EL
TED ., FHEL LN 7Y—I-BHFHD. o
Z DEBOBBEIIT DA% < | BHOSE - WBHRER
CEFL >V ETHIBL T o ARSI 2 B T
BEEBIEMTES,
(@01&)it\;mﬂ@z+;7ﬁ&ﬂﬁ&%*m
WTHE LNy Sy~ B2 EMLTERTZ 12
&0, LEORFLAERERL . P2l DEROEED

TH DL R - WERERICETFL VLY

-TﬁmﬂLatﬁ@mﬁﬁm}&wﬁ@z+/7& 32
ZEWNTES,
[0019]
(REORIEOWE] SRAOTRAT v 7 R
Biid. AEREERAE L. 10~80 Xy 2008

 BRRBE . S CAEY . BREEN. KRG

ROEDETED 6% 58 DBThL 1 B LESET
3. FRHCBWUL. ML L LEEoRERRIICH
ZEF RN S FRORBEEC, XIKHE (L

‘T, BHEZFEVD, ) O2ERNRHRTLILLER

THY . WERP—OHRITTL ENE 32 &0 5
ey,

[0020] FRHAIBY xfﬁi’é’tﬁﬂkﬁﬂ:tli iz

SREA L B2, CORAO—EIEG B = LB
Th. WEE TEEIET 5 T L 0L W ASORRE
R BT 5, BEICE. OIS, a—r 25 —F

HYOBRS. TR, - 737~ KEWLLE
BHLZLO. @IEEEYF, I—2 7Yy, KT

AN BERTD VIR L Lo, ORF. EEE
N7BBLILOSHFET SRS, FRBZBVTIDN

- BEBY R LL L BT 25 MEEEY A

2002051888A__|_> -

(3)F2002-51688

(P2002-52zA)

S E LV,

[0021) &7, SEHRRNEL. 20REH10
~8O0Av L 2PFHETLL HT20~60 X vialf
mztn HiZH1 0 X vy 2k DASVEOBEIHE
. BLEBCODFIE>T L2V E SOV
q? g7 Xy H— 2B BEOERELE L
—F . REHSSOR» P2 L RSV BERLEE
miﬂmiﬁ(&)#nunuaLtﬁﬁr &%,
[0022) +RuENORE* 61 3 BREIERKE
Hebd. NAOFRIC L OBRXIIBRTIS. FTHL
XY 7 M NEDH LERE NS ¥ —E LTHN
TR L Ic L DERLTEBILHTES,
[0023] tXBHESL LTiE. SEAHBH. B
BEER . KBREZRLDLT &P H% 5B L DB

N 1ELESFE L<BnSR S, LTHEL. aft

IR BN, T—T AR, T2FALNE. BHE

UMEEIREIFONS,

[0024) EESenBmBELAVI LY.
BRLAERSBILL Y 7RERD. D?é’&“ﬁa‘J:{ 4
ERBEL SR, BEh LIc<<%5. L»L. B
2R —ESEHWES . SHAEL ALY
¥TLIW, :—/zy—%émmr%Aﬁim#@<
ZDFETLES.

{0025 ) FRHOMER > v 7 PR RIS 5
3OBHE LTINS RETEE LAEE L, 4L

RIEANG S LIk DAEREY 7 MITAI EHTE

3, . :
10026 ) HALHIE LTIE. FIZITS o HEBERAEET 2
F. 77U VEHBELAFARL S F e ENET
LR, ARBUCEWTE, ¥ o BRHET 27V HF
gL<AWLRB, g#: HLB7~155F2L <.
LFOHZLLIZHLBO~13TH5. HLBHT kK
THbHE, BHOL- L NB - 7V —I-BFHE<L3
ZEHBY. HLB#IBt‘%étiﬂﬁwéﬁ<*
DFETLESEBHE.
(0027]$%%@ﬂ@1%;7ﬁéﬂﬁ&%ku
Loz SiABELAN T A ZHRI—2 757
— L Y OBHEXII N ST R, BEtBmmELst
DEBEH XX FNHNETERNT. AEH. KEEH
B, LAY IEOE. MEIVT . K. BRI

| ZOBAEMNP. KT, TEH. FU-T#l ¥—4

W Y Ol STy K I— K4 X Oghn

EBIUIhSoMBERERLL s -k 7 BFK

HIE oS omisiEe . UFER . RiEE.
PRSI, JIREL. fE. BB, Bl ¥oIVE. 3R
FREEBEETMLTLEW,

{0028 &ARHDVDHBAR T~ 7%&&&@52%&:1
Mzﬁ%ﬁ%%ﬁﬂﬁ%ﬁ&ﬂﬁﬁ%zﬁ hEHSO
~80HE%. FaEAERKRhk1~108EX%. £

EERHRES~20HE%. EITAMHO. O5~1H



(4)B2002-516

BuiaETaIehlFEL W,

[0079]TLQ S ol 1 0 OEEBERICH
LT, K100~1208E%H. £M5~40HEREE
MATCESL. Ny y—2FARTE, Joy F—%H
L kA, BImEICLiehi» T, 8% AFUTHEIRCT
UL v

{0030]§f 73m§%bHAﬁ%mtmﬂﬁ%
T, PEWS0~80HEEY%. B ca ki
~30EEY%. FalhEES~304E%. EEETIL
CHIO. 5~2BB%FEETAIEHELLV.
{00311%Lf.:miﬂﬁ&%100§§%cﬂ

LT.Ak100~300KEH. £55~100HER

P TESL, Ny F—RERTE, Zoivs—lC
FeRY L LB, KT BLCFORNEEE
T TAEMB ML, BEIC LT, ¥ 2EE
BWTRRESYIN DF 2% M2 . BEAFES CBNWTH
B, 44, ZESRML TRRTUI L,

[00 321 FHBcBWTUE. ERNX 3L THR
LTRONRRAR T 7 2 HELTFL RRGE LT

LA, BELOHEERE LTLEIW, 22, WX

88 (P2002— SHEM .

(SN LT . JERBIAI 467 C AFAE Btki| B
5. -
HEPIL ()

R 1 It SHOTIR AT 7 NN 1 0 OBE
iz, A2 7 SHRHRILN 1 ORBREML TS
SR BEL. &LRAMELTHARE X XY 258
B, Kv 1 SHBH. AL 1 5K 2HEBEML
T, RS RENE R, 25, EEHHRRkL L
T60A vy 2 BRI T— A9 —F . THHEL

LTI EAABRRUER. AAFELTHLBLOD

7)) R T ATV ERWC,
{00341;méﬁ«53ﬁ%wﬁ%imﬁbﬂﬁ
IO AR ANT190°C. 1 ONREIARLTY
REREGELA,

[0035) chony alisd  ORRERDINE.
&v@ﬁﬁbr#6°4%%%&Lf&%fv//?m
g REET. 1 0ZONAT—ICHEIE T, &R
(RDOINYNYB, RN — 3—&) RIEELI.

B, FRCRVLOE10E L, BTPREOL
1 0% A F—DTH

D% 1L LT OBBETITV.

RS LB Ty 21, F0F $ETFL VTR ETELE (UTORBABWIRAL) . COBRY
TERC, BREGDOARLRREETIRER Ty  RLSRT. S
2 7B, . BEXITHHELLHERTY 72 €D [0036])
331 60~19 0CHMHRTHL L 5 LTbEw, (%1 o
{0033] : ' _ _ : :
| dmorctsask | EpI1 | 2 | s | Hed 2

R ' 60 70 75 70

- RY—F 10} 10 - —

i v 10 - = 10

0 10 10 |- 15 10

StA (HLB10) 1 1 1 1

=TT T 5 5 5 5

E 1 1 1 1

% L 2 2 2 2

INEI M- | 1 1 1 1

ast 100 | 100 100.]- 100

250 ' 1 10 10 10 10

& 275 |. 275 275 275

¥ 3 D 9.0 | 8.5 | 3.9 4. 5

Bl @ 7. 6 7. 0 2. 8 3. 6
[0037] R1iloREh3 k3. FRATHEETS WHERRI L . 203, BRERORETL . Hikik2 485
BEOLEY § 3 2 BEERRNK. EOBHRSR EPE&#LT%?D/«TM#LK&%TBﬁ”ﬁ%
URALEI %GR L2325 1 . 203, BREHOKET BIEAHPB.

L. BERi% 2 ABENERERE L TETFL VT L
RETLRELRBYET L J L5505, BICEHE
%zOEﬁEmL#%ﬁMI& Ibﬁ@ﬁih LA
Br5b.

[00381;htﬁbf ﬁﬁﬁﬁ&ﬁﬁ%ﬁmL&

BNSDOCID: <JP____2002051688A__1_>

- [0039) S#BmAI2 (KFHES)

F2 (0wt SEORBAT 7 FAHERY 1 0 O
B, K1 1 SERSRELH ] SHESEML T/
s—%PBL . AR E MAHE . LB . BB
REthE LT20X w3 20vhge® ). BREEL

b4



o

} _ ' - (5)B2002-51688 (P2002—565A)

LCEBASERNnERTRR. AMFLLTHLB4X1
0y a BEEIHRE A 7% Fv .

(004 1) ThADAMEE: . BERLTHH 6HHE
FiB B LABRETFL L UTIBLKRET. 104

(0040]) ok, RFUSEOREEICHLZ oA TR AR T, REMA 1 L FRC L TREE
A, 17070, 5hmERL e AR, JhERgIcL L7, COBRRERZIIRT.
THEMNAFER L LOTHRAT. 8 SIS T [0042])
RLTRE R 2 8ELL. (k2]
- ARORRSHRR. | Bhari3 | EXe4 | B3 | il 4
R 1 60 60 | 60 80
iNREZEY T 2 2 - 2
B .12 12 12 —
d 8 8 10 -

A (HLB4) 0. 2

F{LA (HEB10) -

=i 7. 7

TG 9 9 9 9
EARA 1.8 | 1. 8 1.8 ] 1. 8

b liEa ) 1 1 1 1

i a—R 6 6 8 6
=Ll 100 | 100 100 | 100

290 15 15 15 15
LK 115 | 115 | 115 | 115
9.5 | 2.7 2. 3

[0043) K2ISRIND X512, FRACHEETS
FEOHIE 3 HEBEER R FEnRBEER
UHALRI % Ot L 725550 3 RUF 443, BRLTH56
EEERICRE L 2 BETFL VTR LHRET LR
FEREETLIEMNP5. HICHLB 1 0034t
FiEAWERM 4. 2DRBVEI W LB 55,

[0044) CRISHLT., SSERRBHREERLE

WHES 3 . BRESEEALCOERF4iE. BRL -

. THs 6 REERICKE LHETL v oL 24k
WCORBHE D ZLnPsb,
(004 5] SWBI3 (BkEE)

FIRTEBOTRZ T 7 HEHERM 1 0 0 BR

Bz, RICFRTEEFEATARUTLMENML TNy &~

BNSDOCID: <JP____2002061688A_|_>

LB HEERERE. 8. BEERTKnk
LLTB50RAwvada=y7Yyyy BHRBELTT
—FNALY EA A BN . BBERERBEUAR. 5L
mmaLfHLBlomyaﬁﬁM@IZ%W%mw
.
[0046]b®§ﬂ§‘%ﬁ§®ﬁ*§kﬁbﬁﬁ
HBm2 AL TRRLTERRZRIELL.

(00471 ZhonEHEEE . MRL TG 1+ AM

BEEFLLBETL P TIHBLCYRT, 104D
/ W~7—L§§ﬁ‘é T, HEA 1 L RRIC L'Cﬁ%%i?
[ BAN g@%ﬁ'&’éi’% 3 t..zT‘J‘

{0048}

(&3]

)



s

(6) f2002—-51688 (P.’ZOO.’Z—SO?VA)‘

AR BRARL el 5 | TEFle | #Wl5 | HBl6
NEB 70 70 70 80
a— 7Y Y 5 5 — 10
FEA LB (7T ) 15 - "5 -
ELTRY U - - 5 5 —
S _ — 10 10 -
1949 (HLB10) 0.2 0.2 0. 2] 0.2
] 1.8} 1.8} 1.8 11,8
o LR 3 3 3 a2
S 1 1 1 1
FlnFA—R 4 4 4 4 .
ait ‘ 100 | io0 | 100 | 100
£Bp 25 25 25 .25
1% _ 160 | 155.] 160 ] 1556
' A% 8.8 8.9 2.61] 2.0

(0049] %3 RENS LI, FRFTHETS
BEORES 49 ARAERRGE. BEORHESR
OBLALHIE GER L 205505 BUF6 03, W LItk
FFL L UTIBLLRETL RIFLEREHTH 2L
BAtb. o

[0050] ZhizHL T, BN EALY
WHESPIS | RS R L HER6 I3 S ER

FEUAHETL y UTIRLRRBTORESEEIL

Balrb.

[0051] KEafl4 (BEAMEES)

R4 SETRBENTRART v 7 AEHEKY1 00 HE
Hiz. K1208ES. 2908 ORRERUY 75 W5

. ERHEN TS I—RHBL. S5AMELTH

ATi% oy 15 0REH. Krd15HRE. $05

2 LIPS EES. ML & SASHRS, HIU3H

BT, BEASRRENEEL, ki, Mt

HREERYE LT 30X v¥ 2K I XU E . BRNEF
¥ LCESMES OA A BRRURE. FAL LTHL
B10aZUe) VEHBIATVERWL.
[0052) Stk &y hTL—FT180T,
#1 0HTEmmE SR L TBFARE FREL.,
[0053]) chbnBiFafiz s, Oikkl » AR

BEGEL T LETL Y VTRELLR, 1750

V35T SHTEEDS & 5 LEHORE, R .

eLTHh £ 5 Licth. | BEREEBLREET AR
AR LTABREFELC. TORET T T
- .

(000541

- {£4]

EROBC AR SR 7 | Mo 7 | B8 |t o
Wr 60 70 75 90
KA 7348 _ 15 — 15 -
Fethiy @) | 10 10 - -
X 5 10 — —
Ji4tHl (HLB1O) 1 1 1 1
a—r 75— 5 5 5 5
1S5 . 1 1 1 1
) 2 2 2 T2
INE I B — 1 i -1 1
2ft - 100 100 | 100 | 100
258 : 80 80 80 80
Y35 M 5 "B 5 5
7K 120 120 120 120
® @ 9, 5 4.0 | 2. 9| 3.2
& @ 9. 2 2. 1 1. 9 2. 2

BNSDOCID: <JP____2002051688A__1_>



[0055] R4lRENA LS IC. FRATHET S
RO 2 HT 2 SBHERRB k. SEOBMEER
CFLEEE GFR L o S0EA 743, WaiREE. BELT
W s 5 LERORETY, b £ 5% 1 HfEAL
ORI L REFL BREATE LW NPE.
[0056]) ChicHLT. SREERIIHB&ATERLL
VB T . BRI A LW HIRAIS . BEER
R RUBEF AL LWL, BEEF
#%. BELTHEDL 1 5 LCEZRORBTL. Wb 5%
1B L CRBTLABIE S LW 005.,
[0057]) HEEHS (5 245E)

5 CRTEEONRR T 7 AEHHRM1 00 EE
o, k27 OEBRERULH L OEBRMEMRT/Ny
F—EFRL . SHLEEHME LTHALXA RNV 25E

(7)82002-51688 (P2002-5J(A)

BE. KT 1 SEE. AL L IV 2HBHENL
T, YRS EERISe, ol EEERRHKL L
T50Xv2a—r7 Uy BHEFLLTIYE
AHE . BEHERHRUAS . AAFMLLTHLBL
10y 2 BIRIEEE T A FAZ AW, A
[0058) SOy, & 2AEOMERICHLA
A, EoWoeyar A T1I80C, 1 1HRENEEKL
T AFEEFEEELL.

[0059) ChbnZas % | BiRik 1 05 M%e
L7=iREET . BRI 1 L FEIc L TRBRNEL L.
DR R ESITTRT.

[0060])

[%£5]

EHEORIAHIRR WS | FOEIO | 31 0 | a1 1 | BEM1 2 | 1 0
NER 77.9 | 77.9 ] 78. 0 | 77. 9] 78. 0| 77. 9
a—y sy : 10 | 10 10 | 10 10 | 10
FEXTHIE 10 — = 5 5 —
[ i3] ~ 10 - 5 5 —
7] - - 10 — - -
2458 (HLB11}) 0. 1 0.1 — 0. 1 = 0.1

1 1 1 i 1 1
W 1 1 1 1 1 1
A3 100 100 100 | 100 100 100
£8P 10 - 10 10 ip 10 10
X ‘ 270 270 270 [. 270 270 270
B T 8. 0 8. 3 7. 9 9, 3 7. 0 2. 3

[006 1) R5ITRENS LI ic. KEHTHETS
HEOKEZE T ARSI, EnBHBER
UFERIZ AL 2-55EHI8 . 9. 11, RBHTHE
THERNRIER F T SHBENIRB R RISENED
HEHBLARER1 0, 1212, Filel onEEs
LRETLRIFLAREF T L5, T
PRSI, BRRZFERUFUERID3 RS ZHE L
HEFIS. 9. 1 13LIEEBINV L5555,
[0062] CRICHLT, FHENBBEEMERALLZW
HEH 1 Obk, #ikiZ 1 O N EHSEL KB THOREEH
LEZ LB 5,

[0063] ‘ ,
(READHE] DEBEFAL X S ic, RREBICIHE.
R 7 7 ARSI . MEHE. 10~80X

v A DB Y . SEAAEN . BE&ER
5. KSR FRSOLTE S 5 RE D BT 1
BULE2EESEBILICLY . BRLEIC, £
FEH/SUNYLLTED . BHFIEL-ENE - 7Y —
I—EDH A REBNE SR . O DRROBEREL
B BN - BERERICEFL L VA YTH
AL TL - OREOSE BEICEES L5 2 LHT
x5,

10, LEORILEBERL . 20 Z OREOEH
A% < . RCHRE - RRRERCBTL Y V2
TRAAL TLRBOFZ LS \VTBAT » 7585
ZEHTES,

7y MR—YDRE

(51)Int.C1.7 shRisne
'A21D 10/04 :
A23G 3/00 - 102
A23L 1/48

'BNSDOCID: <JP__-__2002051688A_[_> -

FI ‘ -V (%)
A21D 10/04

A23G 300 - 102

A23L 1/48

- 10064]) 27, ZOTERF v 7 FRERARNE R
WTHRL N Y —CEHMERMLTRR TS 8



TEEE BN #E
S AT 6 — 2 - 1
S PR BT

BNSDOCID: <JP. 2002051688A_1_>

[ZL K213

(8) %2002—51688}(P2002—52AA)

F&—A(3%) 48014 GEO3 GGO2 (GO3 GGO4 GKOT

GKOY GLOG GL11 GPO1 GP12
GP15

48032 DB33 DB40 DEO6 DGO2 DBGOT
DGOS DK10 DK13 DK15 DK17
DK30 DK39 DLOT DLO3 DLOS
DL20 DP73

48036 LCO4 LF14 LHOS LH11 LH12
LH22 LH29 LH30 LH37 LKO2
LK03 LPO2 LP17

58



EUROPEAN PATENT OFFICE

Patent Abstracts.of Japan

PUBLICATION NUMBER : 2002051688

PUBLICATION DATE ¢ 19-02-02

APPLICATION DATE . 11-08-00

APPLICATION NUMBER ' 2000244315

APPLICANT : NITTO SEIFUN KK;

INVENTOR HASEGAWA YASUMI;

INT.CL. A21D 2/14 A21D 2/16 A21D 2/18 A21D 2/34-A21D 2/36 A21D 10/04 A23G 3/00
A23L 1/48

TITLE - DOUGH COMPOSITION FOR JAPANESE-FASHIONED SNACK AND METHOD FOR
PRODUCING JAPANESE-FASHIONED SNACK USING THE SAME

ABSTRACT : PROBLEM TO BE SOLVED: To obtain a dough compoé‘rtion for Japanese-fashioned

_snack, giving a crisp feeling of the surface thereof, moist and creamy feelings of the inside

with a slight change in the palate filling with time when baked, and the baked composition
in particular has slight deterioration of its palate feeling even if heated again in an
microwave oven or the like after preserved under refrigeration/freezing, and to provide a
method for producing Japanese-fashioned snack using the above composition.

SOLUTION: This dough composition is obtained by incomorating a dough composition for
Japanese-fashioned snack with wheat flour, 10 to 80-mesh springly soluble granular
powder and at least one component selected from the group consisting of tapioca starch,
potato starch, rice flour and modified products thereof and preferably including an
emulsifier preferably with an HLB of 7-15. The other objective Japanese- fashioned snack
is obtained by incorporating ingredient(s) in a batter prepared using the above dough
composition followed by baking. A preferable version of this snack is obtained by
refrigerating or freezing of the above snack. The preferable other version of this snack is
obtained by heating in a microwave oven (and then deep-frylng) the thus refrigerated or
frozen Japanese-fashioned snack:

COPYRIGHT: (C)2002,JPO

BNSDOCID: <JP_____2002051688A_AJ_>

ba



Available ofline at www.sciencediréct.com

an? JOURNAL OF
ﬁ“
o ScnenceDlrect FOOD
ENGINEERING
Journal of Food Engineering 79 (2007) 511-516
. : www.elsevier.com/locate/jfoodeng

Textural attributes of a model snack food
at different moisture contents

Pritam Mazumder, B.S. Roopa, Suvendu Bhattacharya *

Food Engineering Department, Central Food Technological Research Institute. Mysore 570 020, Karnataka, India

Received 16 December 2005; received in revised form 8 February 2006; accepted 13 February 2006
Available online 29 March 2006 )

Abstract

Moisture conterit plays a significant role on the texture of ready-to-eat (RTE) snacks as it directly affects the crispness that is a key
factor for their acceptance. The popular low-density RTE snacks such as corn balls has been selected as a model system to assess the
detailed textural attributes when the moisture content was varied between 2% and 10%. The compression curve (force offered by the
sample at different time of compression) apparently shows three prominent zones. The slope of the curve is high in the ﬁrst and last zones
but marginally increases in between these two zones when most of the fractures occur.

Good indices to judge the texture of a snack are firmness, Young’s modulus and number of peaks; the latter has been defined as a drop
in force of magnitude >1 N. Critical moisture content for corn ball is 4% above which these three indicés is markedly affected and prod-
uct approaches unacceptable domain. The microstructure of corn balls shows the presence of air cells with thin walls and vacuoles.

BNSDOCID: <XP_

Deformed/damaged cells, fracture(s} in the cell walls and line of fracture for compressed samples have been observed. -

© 2006 Elsevier Ltd. All rights reserved.

Keywords: Model snack; Moisture content; Fracture; Young’s modulus

1. Introduction

Snack foods are designed to be less perishable, more

durable and more appealing than natural foods. Different
types of snack foods are available of which the new gener-

ation snacks fall into several categories such as low fat,

baked but not fried, high fiber products made from rice/
wheat bran and coated snacks, etc. _
The acceptance of snacks is critical because of the spe-
cific quality attributes that attract people. The various sen-
sory quality attributes of snack foods.are appearance,
texture, taste, colour and flavour. Among them, texture is
one of the most important one and it is particularly true
for snack foods (Bourne, 2002). Crispness is perceived
through a combination of tactile, kinesthetic, visual and
auditory sensations and represents the key texture attri-

* Corresponding author. Tel.: +91 821 2514874/2513910; fax: +91 821
2517233, .
E—mail address: suvendu@cftri.res.in (S. Bhattacharya).

0260-8774/$ - see front matter © 2006 Elsevxer Ld. All rights reserved.
doi:10.1016/j.jfoodeng.2006.02.011
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butes of dry snack products Heidenreich, Jaros, Rohm,
and Ziems (2004). Crispness is also associated with rapid
drop of force during mastication process that, in turn, is
based on fracture propagation in brittle materials (Vincent,
1998). When force is applied to brittle snacks, rupture of
the cellular structure occurs and, in line with some defor-

_ mation, generates a.typical sound contributing to crispness

sensation (Vickers & Bourne, 1976). The crisp materials
usually generates irregular force-deformation curve.

The ready-to-eat (RTE) snacks are usually low moisture
foods and a change in moisture content directly aflects tex-
ture, and consequently, the less crispy snacks are not
acceptable. The moisture-dependent behaviour of snacks
with particular reference to texture and fracture behaviour
are scarce. Further, texture of snacks also depends on the
microstracture as they are inter-related.

Compression is the most common method to determine
the texture of foods, and it has been applied on snacks
(Vincent, 1998), semi-solid foods such as gels (Doublier,
1992), doughs (Bhattacharya, Narasimha, & Bhattacharya,

co
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2003), etc. It is desirable to obtain a good resolution during
testing particularly for firm foods than for soft foods as the

change in height due to the application of force for firm -

food is much lower than soft foods. Extruded corn balls,

fried low moisture snacks and puffed rice are typical firm

food products in contrast to soft foods like gels.
Crispness of cereals has been related to their water con-

tent or the water activity by Martinez-Navarraete, Mor-

agu, Talens, and Chiralt (2004), Heidenreich et al. (2004

and by Katz and Labuza {1981). Heidenreich et al. (2004)

studied the texture parameters of extruded rice crisps which
~ were adjusted to water activities in the range of 0.05 and
0.65. The general conclusions that can be derived from
these studies are that the crispness is affected when the sam-
ple exceeds a critical water activity value which has been
“reported to be above 0.5. -

Hence, scope exists to study the texture of snacks as a
function of moisture content. The usefulness of such results
~ lies in quality control, packaging, storage and transporta-
tion of such snacks. It is worth mentioning here that mea-
surement of crispness of a smack is yet to be a well
established procedure, : :

The objectives of the present research are to study the
effect of moisture content on texture of a model snack food
such as extruded corn balls under compression, and exam-
ination of microstructure of the samples with an intention
to relate it with texture of snack and fracture behaviour.

2. Materials and methods
2.1. Corn balls

Corn grits were procured from Tagir Private Ltd.,
Mumbai, India, and had particles ranging from 0.41" to
0.64 mm with an average particle size of 0.56 mm. The
proximate composition, as determined by employing
AOAC (1984), are 9.6% moisture, 7.2% protein
(N x 6.25), fat 0.9%, ash 1.2% and carbohydrate 81.1%
(by difference). Corn grits were extruded using a single
screw cooking extruder (collet type extruder, barrél bore
75 mm), available at Fun Snacks, New Delhi, having a
capacity of producing about 60 kg of corn balls per hour
{Agarwal & Bhattacharya, 2004). Feed in the form of wet
- corn grit was provided to the extruder cooker through a

twin-screw feeder. The screw speed of the extruder shaft
-was 195 + 7 rpm and was operated by a 20 HP three phase
motor. The length-to-diameter (L/D) ratio of the extruder
“was 8. The die head was provided with six circular die
openings of 4 mm diameter each. The moisture content
of the feed prior to extrusion was 17 & 1% and the melt
temperature at die during extrusion cooking was
135 £ 5 °C. Rotary cutters were mounted on the die head
to cut the expanded extruded rods into. near spherical
shapes. The extrudates were dried at an air temperature
of about 70 °C for 15 min in a tray drier.
The average diameter of individual ten extruded balis
was determined by using a dial type caliper with a least

5694730A_| >
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count of 0.0] mm. Density was obtained by dividing the
mass of individual com balls by its respective volumes.
The moisture content of corn balls was determined in trip-
licate by employing the AOAC (1984) method. The diame-

" ter, density and moisture content of corn balls were

17.6 + 1.4 mm, 87.3 + 7.6 kg m™* and 5.1 & 0.1%, respec-
tively.

2.2, Uniaxial compreésion

The individual samples were compressed at a crosshead
speed of 0.1 mm-s™" up to a strain level of 0.8 employing a
texture measuring instrument (Model # TAHD,, Stable
Microsystems, Surrey, UK). The sample was compressed

between two parallel plates of diameter IOO'm_m each, .

and 25 individual samples were tested for texture measure-
ment. All texturc measurements were repeated twice.

The parameters, determined from the force-deforma-
tion curves, were maximum force, energy for compression
(till maximum force), number of major peaks, and initial
slope of the linear portion of curve (Murthy & Bhattach-
arya, 1998). A drop of >1N force during compression
was considered as a major fracture. The maximum force
is the peak force offered by the sample during compression

or at failure, whichever was higher. Firmness is primarily

the deformation modulus (equivalent to elasticity) of the
material under test and was obtained from the slope of
the initial linear portion of the force-deformation curve
(Szczesniak, 1983). Engineering stress and strain, and true

" stress and strain were determined (Bhattacharya et al,,

2003) to calculate Young's modulus by using cylindrical
samples of height 10 mm, according to theory mentioned
in the subsequent section..

Axial compression of a sample between parallel plates
causes the specimen height to decrease and its diameter
to increase. Thus, the commonly used engineering or

- apparent compréssive strain (¢g) can be calculated (Hsich

& Regenstein, 1993) by using Eq. (1) as

Ak : '

=— ’ 1
8; h() . ) . ( )
where & is the initial height of the sample and A is the
change in height due to compression. The true, natural,
or Hencky’s compressive strain (ey) is giver by Eq. (2)

&r - In (ho—_h-g—h-(—t)-)

The engineering or apparent compressive stress (og) can
be calculated from the force—time plot and by knowing the
cross-sectional area of the sample prior to compression
(Eq. (3)). True stress (Hsich & Regenstein, 1993) is given
by Eq. t4)

@

E= %(:—) “(3)
_F@0) _ F(t)(he— AR(Y)) :
=0 s @
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The Young’s modulus is equal to the ratio of true stress
and strain (up to elastic fimit), and can be expressed

(Mohsenin, 1986) as

, =0T - '_ )
ér.

2.3. Microstructure

The samples were dehydrated, mounted on aluminium
stubs with conductive adhesive, coated with gold in a sput-
ter coater and were examined with a scanning electron
microscope (Model 435 VP, Leo Electron Microscopy

" Ltd., Cambridge, UK) as mentioned earlier (Bhat & Bhat-

tacharya, 2001). The samples were examined at a voltage of
15 kV and a low magnification of 15x was used to examine
the samples. The size of cells and the thickness of the cell
walls were obtained by placing the cursors to appropriate
locations during examination. Representative and repeat-

"able photomicrographs have been presented.

3. Results and discussion
3.1. Compression characteristics .

Corn balls show characteristic compression curves
depicting different magnitudes of forces as a function of
strain. The sample compression curve for corn balls
(Fig. 1(A)) apparently indicates the presence of three zones.
In the first zone, there is a sharp rise in force with time or
deformation, which may be attributed to the toughness of
the product. In the second zone, multiple fractures occur as
evidenced by several ups and downs in the curve but show
a marginal increasing trend. The third zone is characterised
by a sharp increase in force with an increase in the extent of
compression while showing fractures.

Dry cellular expanded extruded products such as corn

balls consists of brittle walls surrounding air-filled cavities
(Heidenreich et al., 2004). Initially, at a low strain, the air
cells are deformed elastically to offer low resistive force
{usually <15N) showing the first zone of compression.
This initial slope (equal to force/distance), conventionally
called firmness (Murthy & Bhattacharya, 1998; Szczesniak,
1983}, results out of the resistance offered by the air cells
along with the cell walls. Once these thin cell walls undergo
fracture, the second zone starts showing multiple damage
to several air cells. The number of fractures increases with
increasing strain as more and more air cells are damaged.

" The average force during this zone increases marginally.

Once all or most of the cells are affected at a high strain,
the density of the sample increases markedly, and hence,
the sample acts as a compacted cohesive mass offering a
high force. The slope of this zone may also be termed as

firmness, and to differentiate from the earlier slope of first

zone, it may be called as final firmness. Development of
fracture lines, and even failures are also the characteristics
of this third zone.

5694739A _I_>

FORCE (N)

350 ) !

30,0 /

{600

L T TR R TR 1)
TIME(s)

;

" (wPa)

TRUE STRESS

DBI5-
0:01 1

st B

-3

“TRUE STRAING)

" Fig. 1. Sample compression curves for corn ball at a moisture content of

9.2% showing (A) foroe—tlme and (B) true stress-true strain plots at a
crosshead spwd of 0.1 mm ™!

On replotting the graphs (Fig. 1(B)) in terms of true
stress and true strain, these three zones are omce again
promment On a general estimate, the first zone ends before
a true strain of 0.1 while the last zone is beyond 0.75. How-
ever, the patterns of the curves including the magnitudes of
these zones change appreciably as the moisture content of
snack varies, and as expected, it is also a function of the
property of the material under test.

3.2. Effect of moisture content

The textural parameters such as maximuny force, number
of major peaks, energy for compression, Young’s modulus
and firmness are shown as a function of moisture content
(Figs. 2-6). The maximum force is an indication of the peak
resistance offered by corn ball during compression; an
increase in moisture content increases maximum force
(Fig. 2). The number of major peaks (Fig. 3) show a
decreasing trend with incréasing moisture content. It indi-
cates that at a high moisture content, the same snack would
not appear to be brittle or crisp. This happens as the num-
ber of major peaks approaches zero at a moisture content of

05 E 15 2

about 10%, which indicates that the product lost all its _

e
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Fig. 3. ‘Effect of moisture content on number of major peaks during
compression.
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characteristic crispness. Water leads to plasticization and
softening of the starch-protein matrix and thus alters the
strength of the product (Martinez-Navarraete et al., 2004).

- The energy for compression and Young's modulus
(Figs. 4 and 5) show an increasing trend with moisture con-
tent. These results indicate that a snack having high mois-
ture content needs more energy to bite and/or chew as its
elastic limit increases. These phenomena may be explained

" by the plasticization effect of moisture on food materials

which makes the snack to behave like a semi-solid mass

rather than a brittle solid; this behaviour is common in sev-

eral viscoelastic materials including food doughs (Bhat-
tacharya et al., 2003). Hence, snacks with high moisture
content show enhanced level of strain tolerance during

- compression with delayed fracture or even absence of frac-

ture or failure.

" A decreasing trend in firmness of corn balls has been
observed (Fig. 6) above a moisture content of 4.5%, and
marked decrease occurs beyond 7%. The results of sensory
assessment of corn ball indicate that the characteristic crisp
texture is retained up to a moisture content of about 4%.
Samples with >4.5% moisture content appear to be crisp

-ty
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in first bite, and the panelists felt them to be soft in subse-
quent bites. Corn balls above 6% moisture content appear
to be not crisp, and hence, are not acceptable by the pan-
elist. Considering 4% as the critical moisture content that
decides the textural acceptability of corn balls, the values
. for Young’s modulus, firmness and number of major peaks
are 0.25 MPa, 4.5 N mm~" and 8, respectively.
" Texture of snack foods can be denoted by several sen-
sory terms such as crisp, cruachy and crumbly. On the
other hand, objective quantification of texture has been

conducted by determining the slope of the line joining the .

origin and the peak force has been termed as stiffness by
Vincent (1998) whereas Szczesniak (1983) considered the
_slope of the initial straight-line portion as elastic modulus
that may be considered as a measure of firmness. Murthy
and Bhattacharya (1998) considered it as deformability
for black pepper. In addition to firmness, the number of
major peaks and Young's modulus are also suitable for
quantifying the texture of snack foods. ‘ '

3.3. Microstructure

Microstructure of uncompressed aﬁd compressed at dif-
ferent strains were examined to understand the changes in
cellular structure and pattern of fracture/failure. The cross-
sectional view of uncompressed corn ball (Fig. 7) shows air
cells with varying dimensions. The largest dimension or
diameters of such air cells are approximately between 0.5
and 3 mm that are separated by a thin cell wall having a
thickness of 20-50 u. These structural features can account
for the low density (about 87 kgm™), and crisp texture
which melts easily in the mouth. When force is applied to
brittle_snacks, rupture of the cellular structure occurs
and, in line with some deformation, generates a typical
sound contributing to crispness sensation (chkers &
Bourne, 1976).

The compressed corn ball (Fig. 8) shows damages to air

cell and cell walls. Deformed cells anid broken cell walls are

Fig: 7. Microstructure (15x) of the cross-section of com ball prior to’
compression. )
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Fig. 8. Micros_tfucture (15%) of corn ball after compression at a moisture
content of 9.2%.

visible along with frécture lines; .the latter item propagates
leading to failure into several pieces.

4. Conclusions

Moisture content plays a significant role on the texture
of ready-to-eat snacks as it directly affects the crisp behav-
iour, the key factor related to their acceptance. Uniaxial
compression testing was performed on a popular low-den-
sity RTE snack, such as corn balls, as a model snack; it
shows characteristic force-time curves depicting different
magnitudes of forces offered by the samples as a function
of strain, and apparently indicates the presence of three
zones. Good indices to judge the crisp behaviour are firm-
ness, Young’s modulus and the number of major peaks;
these indices are sensitive to moisture content of sample
particularly when it is more than 4%. Microstructural
observations indicate the presence of air cells of size rang- -
ing between 0.5 and 3 mm that are separated by thin cell
walls having a thickness of 20-50 p. Application of com-
pressive load shows deformed cells with fractured cell walls .
and fracture lines.
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Many texture studies have been published on crispness
because of the great interest of consumers towards crispy
foods. This work reviews the existing literature on the topic,
and especially the different approaches, instrumental and
sensory, applied to study crispness. These studies result in a
wide range of data but, because crispness is not a clearly
defined sensory attribute, the conclusions that can be
drawn from these studies should be carefully examined. The
physical basis for crispness are discussed and the role of

g structure, hydration and ingredients on crispness and its .

stability are presented.
© 2002 Elsevier Science Ltd. All rights reserved.

Introduction :
Living in a society of large choice of quality food, the
consumers’ appreciation has become one of the main

criteria in their food choice, as well as nutrition and
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safety. The contribution of texture to the consumers’
appreciation of a food product has been studied for
nearly 40 years. In the early studies on the awareness of
food texture, the importance of crispness was high-
i v & """‘v' :C oci l‘ C . ich

consumers were asked to generate attributes related to a

list of specific foods, showed that the term ““crisp” was-

mentioned more often than any other attribute (Rohm,
1990; Szczesniak, 1971; Szczesniak & Kleyn, 1963).

In 1972, Tles and Elson (1972) showed that products
were ranked in the same order for crispness and con-
sumers’ preference. This result was later replicated by
Katz and Labuza (1981) emphasizing the importance of
crispness in food acceptability. Thus, the food industry
has considered the necessity to control this character-
istic both during production and storage. To achieve
such an objective requires the knowledge of intrinsic
parameters  (physical, chemical, product-related)
responsible for crispness. But crispness, like any other
textural attribute, depends not only on ad hoc rheologi-
cal/mechanical characteristics exhibited by a product,
but also on the consumers who identify the sensations
perceived upon eating, as relevant to crispness. Thus, to
understand both the mechanisms underlying crispness
perception and the meaning, consumers give to the term
‘crispy’, is relevant to this issue. This paper will then be
structured as follows. In the first section, the sensory
works on ‘crispness and especially the strategies imple-
mented to evaluate crispness are reviewed. In the second
section, the instrumental approaches developed to study
crispness are presented. In the final section, the key
parameters for crispness control are reviewed.

Crispness: sensory approaches

Although texture researches cannot ignore sensory
approach, there are only few studies dealing with meth-
odological aspect of crispness assessment. Different
approaches have been reported in the literature on
crispness evaluation. In the 1970 and early 1980’s, the
magnitude estimation method was commonly used
(Brennan, Jowiit, & Williams, 1974; Christensen &
Vickers, 1981;. Bdmister & Vickers, 1985; Katz &
Labuza, 1981; Mohamed, Jowitt, & Brennan, 1982;
Vickers, 1981; Vickers & Wasserman, 1979). In this
technique, one product is chosen as a reference and is

‘given an arbitrary score. The assessors are asked to

score the samples proportionally to this reference.

0924-2244/02/$ - see front matter & 2002 Elsevier Science Ltd. All rights reserved.
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Usually, these evaluations are carried out with a large
number (20-50) of untrained assessors. In the 1980’s,
the descriptive analysis became popular and was
acknowledged as a reliable technique to measure
sensory properties. It became the reference technique
for crispness measurement and profoundly changed
the experimental protocols: ratio scales were " aban-
doned in favour of interval scales (structured of
unstructured linear scales) and assessments were per-
formed with small group of trained panellists (about
10 people). _ :
On the training stage of descriptive analysis, the
objective-is to reach a consensus among panellists on the
meaning of every attribute: ] fevethis;it-isre
mended in handbooks to provide assessors with a defi-
nition. Thus, in some studies, a verbal definition was
given to the attribute ‘crispy’ (Barrett, Cardello, Lesher,
& Taub, 1994; Dacremont, 1992; Duizer, Campanella,
& Barnes, 1998; Onwulata & Heymann, 1994; Seymour
& Hamann, 1988). The examination of these definitions
(Table 1, including two earlier studies). shows a large
diversity of meaning, The definitions provide varying
explanations on which sensations assessors should focus
to evaluate crispness. Five aspects have been quoted:
structure of the intact product, sounds emitted at frac-
ture, force needed to crush the sample, how the product
collapses at fracture and how do the pieces appear after

- O 4
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fracture. As shown in Table 2, there is at best only a
moderate amount of agreement among definitions.
Depending on the definition, some characteristics are
stressed with more or less details, or omitted. Usually,
definitions include a description of exploratory proce-
dures, i.e. the way the sample should be manipulated.
These procedures may also vary. In some studies,
assessors are instructed to crush the samples either with
their molars or their incisors. In other studies, the panel
evalustes crispness by crushing or snapping the sample
with the fingers (Omwulata & Heymann, 1994; Wai-
chungo, Heymann, & Heldman, 2000).

These definitions probably do not reflect an unique

OFV—E: o ndicated-by the © ome 0

the

experiments in which they were used:

e the definition of Seymour and Hamman (1988)
only referred to high-pitched crushing sounds
anid a good correlation between crispness and
energy in the high frequencies of eating sounds
was found;

o the definitions of Jeom, Breene, and Munson
(1975) - and Barrett, Cardello et al. (1994)
emphasised the importance of the force required
to bite through the sample and, in both cases, a
close relationship between crispness and hard-
ness was found; .

Table 1. Definitions of crispness

Definition

Dacremont, 1992 Croustillant France

Duizer et al., 1998 Crispy

Jeon et al., 1975 Crispy USA
Onwulata and Heymann, 1994 Crispy USA
Seymour and Hamman, 1988  Crispy USA

Reference Atribute  Location of
used the panel
| Barrett et al,, 1994 Crispy USA The perceived horizontal force with which the product separates into two or
: more distinct pieces during a single bite with the incisors. An abrupt and
: complete failure of the product is required. :
Brennan et al., 1973 Crispy UK Place a small piece between the molars and bite down slowly and evenly until

a sudden and continuous breakdown of the biscuit structure occurs. Assess the
rate at which this breakdown into small fragments occurs using as near as
possible the same bitihg rate.

_Noisy at biting, aerated, light and that crumble. The fracture is progressive

: during biting (translation from French. . )
New Zealand A combination of the noise produced and the breakdown of the product as it

is bitten entirely through with the back molars. '

Relative force required to bite through ithe samplel. ’

The perceived relative force used by crunching fthe product] in the mouth.

First bite: Place sample between indisors, bite through and evaluate the lever

of higher pitched noise.

Table 2. Stimuli cited for the definition of the attribute crispy

References Noise Force Fracture _ Particle Structure
Barrett et al., 1994 Horizontal force  Abrupt and complete . Two or more pieces
Brennan et al,, 1973 Sudden and continuous  Small fragments
| Dacremont, 1992 Noisy Progressive Crumble Aerated and light
Duizer et al, 1998 Noise Breakdown
Jeon et al., 1975 Relative force
Onwulata and Heymann, 1994 . Relative force
Seymour and Hamman, 1988 High pitched
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o the definition of Dacremont (1992) referred to
the structure of the product and a correlation
was found between crispness, aeration and
crumbliness.

One wonders whether these results are the cause or
the consequence of the definitions. If the verbal defini-
tion of crispness is relevant, there is no need for further
investigation on the meaning of crispness. If the defini-
tion is not relevat, then, at best, the definition is inef-
fective and, at worst, it leads assessors to evaluate some

other sensory concepts. Aware of this shortcoming,

some panel leaders did not provide panellists with a
Yyerodl Uc [T110) YU a OWeA RCIN 0 CacHaconscitsy
at the training step, by discussing together when tasting
products (Brown, Langley, & Braxton, 1998; Lee,
Schweitzer, Morgan, & Shepherd, 1990; Liu & Tan,
2000; Piazza & Masi, 1997; Roudaut, Dacremont, & Le
Meste, 1998; Sauvageot & Blond, 1991). However, the
problem remains because there is no guarantee that two
groups, independently trained, would reach a consensus
on the same meaning. Thus, trained assessors provide reli-
able responses but, the validity of responses, i.e. the ability
to provide reproducible results between independently
. trained groups, might be jeopardized by the training
itself, '

In many studies, untrained assessors were used
(Christensen & Vickers, 1981; Edmister & Vickers, 1985;
Katz & Labuza, 1981; Mohamed, Jowitt, & Brennan,

1982; Vickers, 1981; Vickers & Wasserman, 1979;

Dacremont, 1995; Norton, Mitchell, & Blanshard, 1998;
. Sherman & Deghaidy, 1978; Suwonsichon & Peleg,
1998; Vickers, 1984, 1985, 1987, 1988; Vickers & Chris-

tensen, 1980), though this methodological choice has .

‘been rarely justified. Working with untrained assessors
might have been a way to avoid the adulteration of the
crispy concept due to training in laboratory conditions.
Such a method requires to work with a larger number of
assessors, to compensate the possibility that their con-
cepts were not aligned initially. The question of whether
“or not untrained assessors are able to quantify their
perceptions ‘in a reliable way is still under debate
(Dugle, 1997; Hough, 1998; Moskowitz, 1996, 1997,

1998). However, it is obvious that protocols developed

for descriptive analysis cannot be directly transposed to

‘untrained assessors. Some authors used specific proto- .
cols, such as ranking task (Norton ez al., 1998; Sherman )

& Deghaidy, 1978) or categorisation task (Dacremont,
1995), which are more adapted to untrained assessors
than the rating task.

- Vallés Pamies, Roudaut, Dacremont, Le Meste, and
‘Mitchell (2000) proposed an alternative approach to
overcome the difficulty. First, the consensual ‘crispy’
concept is measured in the population of interest. This
can be achieved, for instance, by asking consumers to
categorise a large range of products as ‘crispy’, ‘not

43D4597A__|_>

crispy’ or ‘borderline’. Then, prototypical products are
identified and used as a perceptive (as opposed to ver-
bal) definition to train a conventional descriptive panel.
At the end of training, the efficiency of the learning
stage is tested, to check that panellists’ concepts are
aligned. Afterwards, the familiar procedure of descrip-
tive analysis is carried out. In this way, the ecological
validity of the measure and its reliability are both
achieved. o

The measurement of crispness by sensory mean is not
a straightforward process. The difference between a
sensory concept (i.e., the collection of perceptions iden-
tified as relevant to the same class) and its label (i.e., the

oFg—d < QO tle (]
acknowledged. Thus, the use of the same label in differ-
ent studies, especially with trained paneflists, is not a
guarantee that the same sensory concept is measured.
On the opposite, different labels might have been used
to refer to the same concept. For instance, ‘crunchy’ is
used to-characterize some products described as ‘crispy’
by other panels (Brown et al., 1998; Guraya & Toledo,
1996; Segnini, Dejmek, & Oste, 1999). The question
whether crispy and crunchy refer to the same sensory
concept.is quite difficult to answer. The strong positive
correlation observed in studies where crispness and
crunchiness were estimated by the same panel, on the
same products (Barrett, Cardello et al., 1994; Seymour
& Hamann, 1988, Suwonsichon & Peleg, 1998; Vickers,
1981, 1985) favours the hypothesis of two labels for an
unique concept. However, other works (Dacremont,
1995, 1996) suggest that crispy and crunchy refer to
different concepts. The question is still open.

Moreover, studies on crispness were conducted in
several countries, which adds difficulties to compare
results due to the inherent distortion of meaning in
translation (see Zannoni (1997) for a review on transla-
tion in descriptive .analysis). For instance, Table -3,
extracted from the polyglot list of textural terms pub-
lished by Drake (1989), outlines that crispness can have
more than one equivalent term in other Janguages. But,
even if one equivalent word exists in two languages, they
may not have exactly the same meaning. For example in
France, neither fruits nor vegetables are considered
‘croustillant’ (translation of crisp) (Dacremont, 1992), as’

‘opposed to the United States (Szczesniak, 1988). The

consensual meaning of a word is culture-dependent, i.e. it

Table 3. Translations .of the terms crispy and cruachy from

Drake (1989) . -

English Crispy Crunchy

French Croustillant Croquant

[ Italian < Croccante>

Iceland : <—>

Japanese Baribari Karikarisuru
Boriori Pariparisuru
Karikari .
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depends on the language but also on other cultural facts
such as food habits, for instance. o
Outcomes of sensory studies are often difficult to
compare because of thc confusion between concept and
label, the lack of homogeneity in the procedures imple-
mented for sensory assessments and the difficulties
inherent to multi-cultural studies in the perception field.
Therefore, this might explain some contradictory results
reported in the crispness literature, especially in studies
dealing with relationships between instrurental and
sensory data. ’

Crispness: instrumental approaches

Although sensory analysis gives a more complete
description of the texture of tested products, there has
been a great interest in developing instrumental techni-
ques to assess crispness. Instrumental techniques pre-
sent some advantages, especially in industrial
environments where quick and easy-to-use methods are
in great demand and economically more profitable.
Crispness being described as a concept with kinesthesic
and auditory components, it is not surprising that the
instrumental methods developed to evaluate it, have
focused on the measurements of these properties singu-
larly or in combination. Although a recent analysis of
crispy bread has been performed by a complex instru-
mental set up considering at the same time flavours,
mechanical and acoustic properties (Winquist, Wide,
Eklov, Hjort, & Lundstrom, 1999), the measurements
are generally performed separately.

Mechanical measurements

Crispness ‘measurements’ are performed on instru-
ments originally, developed for material science, pro-
viding ~physical . parameters with fundamental
significance in terms of rheological properties. These
parameters cannot give straightforward crispness mea-
surement, if any, but can be used as indicators, provided
* they are validated by sensory data.

Considering the perception of crispness upon eating,
large deformation and fracture tests seem to be the most
suitable instrumental tests. However, small deformation
data, such as those acquired in dynamic rheology

(George & -Smith, 1996; Kalichevsky, Blanshard, &

~ Mash, 1993; Le -Meste, Roudaut, & Davidou, 1996;
Nikolaidis & Labuza, 1996; Roudaut ez al., 1998) or
prior to fracture at larger deformation (such as for
apparent Young's modulus measurement) (Fontanet,
Davidou, Dacremont, & Le Meste, 1997, Hutchinson,
Mantle, & Smith, 1989; Nicholls, Appelgvist, Davies,

Ingman, & Liliford, 1995), may provide information not_

directly related to crispness, but to the molecular basis
of this attribute. '
Examples of measurements of rheological behaviour
are numerous in the literature. Independently of the
probe type or of the method used, they are all based on

4354697A_4_>

recording the force when a deformation is applied to the
product. Although constant loading rate tests have been

suggested to provide more information (Jowitt &

Mohamed, 1980), in most cases, tests are performed at
constant deformation ratc. Some authors also suggested
the use of a high impact test (Hayter & Smith, 1988;
Hayter, Smith, & Richmond, .1986; Hutchinson et al.,
1989) to overcome the limitations of the testing defor-
mation speeds used (i.e. <16.6 mm s~' for an Instron
Universal Testing Machine) compared to the high speed
of mastication (between 20 and 50 mm s~!); never-
theless, this type of test is not used.

The most commonly used tests can be categorized
into three groups: flexure (Andersson et al., 1973;
Attenburrow, Davies, Goodband, & Ingman, 1992; Van
Hecke, Allaf, & Bouvier, 1995; Vickers & Christensen,
1980), shear (Bhattacharya & Hanna, 1987; Faubion &
Hoseney, 1982) and compression tests. The latter are

probably the most commonly employed because of their -
similarities with the mastication process. In these tests,

the specimen is compressed either between two parallel
plates (Moskowitz, Segars, Kapsalis, & Kluter, 1974) or
by a plunger compressing the sample held in a cylinder
(Andersson er al., 1973). Samples can be tested indivi-
dually or as bulk when contained in a cell (Nixon &

Peleg, 1995). Puncture tests have been extensively used
"as well (Georget, Parker, & Smith, 1995; Hayter &

Smith, 1988; Hutchinson, Sdiolak, & Smith, 1987; Li,

" Kloeppel, & Hsich, 1998; Van Hecke, Allaf, & Bouvier,
- 1998) for they simulate the incisors impact at biting. In

this case, a cylindrical or conical probe of small dia-
meter plunges in the specimen at constant and rather
Jow speed. This test has specially been employed for the
characterization of foamed products, and the probe is
expected to fracture separately the different cell walls
constituting the product. The force-deformation pat-

" tern is characterised by series of sharp force peaks cor-

responding to the rupture of individual cell walls (Fig.
1). Rheological studies differ in the way the force—
deformation plots have been analysed, either by
extracting some parameters, or by considering the signal
as a whole. ' '

First, the data analysis of compression tests was con-

- sidered based on a fundamental approach in terms of

theological parameters, providing Young’s modulus
and fracture stress values (Brennan et al., 1974; Fonta-
nét et al., 1997; Hutchinson et al., 1987; Katz & Labuza,
1981; Nicholls et al., 1995; Roudaut et al., 1998; Sau-
vageot & Blond, 1991; Seymour & Hamann, 1988).
These analyses concentrate only on the linear region of
the force-deformation plot, and reflect the mechanical
propertics with a material science approach. Such para-
meters, when corrected for the sample dimensions, are

" suitable for comparisons between specimens.

Another approach is to collect information from the
jagged part of the force-deformation curves. For some

64
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authors (Barrett, Normand, Peleg, & Ross, 1992;
Rohde, Normand, & Peleg, 1993), the overall force-
deformation plot would be better analyzed by the
description of its irregularities than by the extraction of
_ some parameters. Three main analyses have been
developed: extracting parameters from each force peak,
calculating the power spectrum and determmmg the
fractal dimension of the signal.

Barrett, Rosenberg, and Ross (1994) and Vincent

(1998) described quantitatively the distribution of frac-
ture forces occurring during compression, or bending of
brittle foods. Using puncture tests, Van Hecke er al.
(1998) and Vallés Pamies er al. (2000) calculated the
average of the so-called puncturing force (integral of
force—time), the Number of Spatial Ruptures (NSR,
ratio of the total number of peaks to the distance of
puncturing), the average specific force of structural

ruptures (ratio of the sum of force drops per peak to the -

number of peaks) and the ‘crispness’ work (ratio of the
average puncturing force to the NSR). NSR and punc-
turing force were found to correlate with crispness and
hardness (sensory data) respectively (Vallés Pamies ez
al., 2000). This is in agreement with Guraya and Toledo
(1996) who claims that compressive force alone is
insufficient to describe accurately the texture of crispy
products.

In the last 10 years, with faster computers and thus
the possibility of acquiring digital data from mechanical
tests, novel methods for measuring crispness throughout
the jagged plateau of the force—deformation pattern

_have been developed. Many authors (Barrett er al.,
1992; Barrett, Cardello et al., 1994; Barrett, Rosenberg
et al., 1994; Harris & Peleg, 1996; Peleg, 1997; Rohde et
al., 1993) and references therein, suggest the determina:
tion of the power spectrum using Fast Fourier Trans-.
form (FFT) analysis. Indeed, relations between dverage
power of the spectrum, and sensory attributes such as
fracturability and crispness have been shown (Barrett,
Cardello et al., 1994; Barrett, Rosenberg et al., 1994).

Finally, fractal techniques have become popular for
analyzing multi-peak pattern from force-deformation
curves (Nixon & Peleg, 1995; Norton er al., 1998; Nue-
bel & Peleg, 1993; Peleg, 1997; Suwonsichon & Peleg,
1998; Vallés Pamies et al., 2000). The approach consists
in considering the force-deformation plot in its whole
complexity and jaggedness. However, this idea is deba-
ted: Vincent (1998) has indicated that the study of jag-

. gedness is not appropriate because it does not account

for forces and energies. The fractal analysis is based on
the determination of the fractal dimension. Among the

. available algorithms, the Kolmogorov algorithm is one .

of the most used. It is based on a box-counting method.
The signal is surrounded by a grid, and the number of
boxes occupied by the signal is counted. Of course,
decreasing the grid size increases the number of boxes
occupied. The log (number of occupied boxes) is plotted

4304597A_)_>

versus log (relative box size) and the appa:ent fractal

* dimension of the signal is the slope of the obtained line.

Barrett et al. (1992) suggest a relation between fractal
dimension and crispness when observing a sigmoidal
effect of water for both of them. However, this sugges-
tion does not appear relevant for Suwonsichon and

" Peleg [33] for they found that the critical water content

for the sensory crispness and fractal dimension of puﬂed
cereals did not coincide.

Mitchell and collaborators (Norton et al, 1998;
Vallés Pimies et al., 2000) applied the fractal analysis

“following a slightly different approach, based on the
_measurement of the curve dimension as a function of

the sampling frequency. This plot has a sigmoidal

shape, and the inflexion point provides information on -

the mean width of the force—deformation plot, whereas
the slope at this point describes the distribution of the

peaks: The smaller the slope, the greater the dispersion -
of the peaks. Comparisons with sensory data showed -

the crispier the products, the lower the average width of
the peaks. As an example, for the crispier product of
their study, the average peak width is around 200 um,
that is about five fractures per mm. Van Hecke er al.
(1998) obtained a similar value for similar products,
when counting the peaks of the force-deformation
curves. Crispy products break through numerous and
neighbouring fractures; when cnspness decreases (after
rehydration for example), the number of fractures
decreases which increases the width of the pmks on the
force-deformation plot.

" Acoustic measurements

As described in Table 1, crispness has an auditory
component. It is therefore not surprising that some
methods, developed to study crispness, have focused on
the sounds generated at fracture, the sound being
recorded during instrumental crushing or during masti-

"cation. The instrumental approach (using a texture

analyser, for instance) is favoured because all aspects of
fracture are then controlled. However, the sounds
recorded during mastication are more representative of
the auditory stimuli related to crispness, especially when
bone- and air-conducted vibrations are recorded and
analysed together. As a matter of fact, bone conduction
was reported as very important to identify crispness
from other auditory-related texture attributes, such as
crunchiriess and crackle (Dacremont, 1995; Dacremont,
Colas, & Sauvageot, 1991). A very interesting and
comprehensive review on the acoustic research applied
to the study of crispy, crunchy and crackly textures has
recently been published by Duizer (2001).

Two main approaches have been used to study frac-

" ture sounds, analysing either the amplitude-time plot of

the acoustic signal (Dacremont, 1992; Duizer et al,
1998; Lee er al., 1990; Nussinovitch, Corradini, Nor-
mand, & Peleg, 2000; Vickers, 1987) or the amplitude-

8%
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frequency plot, the latter being derived from the former
via a FFT (Fast Fourier Transform) (Dacremont, 1995;
Duizer et al., 1998; Lee, Deibel, Glemblin, & Munday,
1988; Roudaut et al., 1998; Seymour & Hamann, 1988;
Winquist e al., 1999). '

Combining these approaches, sonograms are a 3-D
(amplitude-time—frequency) graphical representation of
acoustic signals. As emphasized by Brochetti, Penfield,
and Burchfield (1992), it is a very powerful tool for
sound analysis. It is widely used in the field of speech
analysis but, despite some carly attempts (Drake, 1963;
Vickers & Boume, 1976), it has been rarely used for
eating-sounds analysis. The main reason is that a sono-
gram represents a huge amount of data, from which
pertinent information are difficult to extract. Liu and
Tan (2000) overcame this difficulty recently, using arti-
ficial neural networks and thus succeeded in predicting
sensory scores for crispness of 10 food products from
their sonograms. This might be one of the most pro-
mising approaches for analysing eating sounds.

Bio-rheology

Another promising ﬁeld is the in-mouth measurement
of texture which permits to follow the textural changes
of products during the whole mastication process. This
temporal aspect is especially important for dry crisp
products due to their hydration by saliva.

Kohyama and Nishi (1997) used a multiple-point
_pressure sensor method to display the distribution of
forces on the” biting surface. Textural differences of
products and their changes durmg biting were thus dis-
. criminated.

Electromyography has also ‘been used to understand -

texture through structural breakdown during eating
(Brown & Braxton, 2000; Brown ez al,
activity of the jaw muscles is recorded non invasively
during mastication, reflecting the eating activity in usual
consumption conditions. Brown and Braxton (2000)
identified different groups of consumers exhibiting spe-
cific mastication patterns, clearly related to the per-
ceived texture of crisp biscuits.

Parameters controllmg crispness of dry crisp pro-
ducts .
Process and structure

Process parameters and macrostructure are difficult to
separate, since the latter often results from the former.

Most cereal-based crispy products are brittle material
characterized by a cellular, lamellar or puffed structure
(Barrett, Cardello er al., 1994). More precisely, their

‘structure has been defined (Taranto, 1983) as on the one.

hand, a discontinuous phase (gaseous) made of air
bubbles formed upon fermentation and vaporization of
water upon baking and on the other hand, a continuous
solid phase supporting the sample weight. This structure
is often described as a solid foam or sponge and com-
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monly characterized by microscopy (Faubion & Hose-
ney, 1982; Guraya & Toledo, 1996). The parameters

controlling the mechanical properties of cellular mate- .

rial (Gibson & Ashby, 1988;.Smith, 1989) such as den-
sity, cell: wall thickness, cell size and cell number are
expected to predict the product crispness (Desrumaux,
Bouvier, & Burr, 1999; Gurayad & Toledo, 1996;
Hutchinson et al., 1989). Barrett, Cardello et al. (1994)
suggest a relationship describing crispness (through
fractal dimension) with a combination of cell area (4)
and bulk density (p) expressed as follow:

Fractal Dimension: 1.37 ~00112A+1 93 P

The relations between process and crispness have
been studied considering different procéssing condi-
tions. But most of the studies are based on extrusion
cooking works, investigating the role of water content,
screw speed, torque, pressure and temperature. These

" parameters interact to a large extent and therefore,

depending on the combination chosen, their action on
texture ‘may be variable. For example, thé amount of

" water required in extrusion-cooking for an optimal

crispness lays between the low values, inhibiting expan-
sion, and higher ones leading to a dough viscosity too
low for cells formation. Furthermore, decreasing water
content during extrusion increases the Specific Mechan-
ical Energy (SME), favouring starch conversion and
overall macromolecular degradation, thus giving rise to
a more fragile structure and a greater fracturability.
Temperature is also among the most effective para-
meters for crispness control. Simultaneous high shear
and high temperature give rise to lower crispness
(Omwulata & Heymann, 1994). ' '

“The keéy role of the process was confirmed by the
experiment of Guraya and Toledo (1996) comparing
half products (pellets) prepared by drum-drying and
cold extrusion. The half product preparation was pro-
ven to be more determining for the texture than the
subsequent puffing methods.

The crispness development during the process has
been investigated for frying, baking and toasting. Upon
frying, crispness of chips increases as porosity increases
and moisture decieases (Kawas & Moreira, 2001). When
considered upon baking, crispness is-shown to develop
with the setting of the sponge structure at the latest
stages of the baking (Piazza & Masi, 1997). Drake ( 1963)
showed that crispness increased with toasting time.

ingredients and hydration

4

- Most low moisture baked or extruded products such

as breakfast cereals, wafers, biscuits and snacks have a
crispy texture. If the moisture content of these products

.increases, due to water sorption from the atmosphere or

'by mass transport from neighbouring components or
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" Fig. 1. Characteristic jagged force—deformation plot of a crispy

produCL

phases, a loss of crispness is observed (Nicholls et al
1995). A great number of studies has been published on
this topic (Harris & Peleg, 1996; Peleg, 1993, 1994, 1998,

1999; Wollny & Peleg, 1994) with a view to characteriz-

ing and predicting the effects of water on crispness or to

suggest the physmal basis for such effects. The effect of

hydration on crispness is illustrated in Fig. 2 (from
Peleg,1994); it can be described by a Fermi equatxon
exprcssed as:

et

b

Y= Yo/ {1 + expl(aw — auc)/B1}-

" CORN FLAKES

-h
o

SENSORY 'INTENSITY

P 1 N

a
0.0 0.2 0.4 0.6 0.8
WATER ACTIVITY

1.0

- Fig. 2. Sensory crispness_of com flakes as a function of water
activity. Open circles are experimental data publlshed by Sauva-
geot and Blond (1991), and solid line the Fermi fit (Peleg, 1994)..
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where Y is crispness, Y, crispness in the dry state, duc
the critical water activity corresponding to Y= Y,/2 and

" baconstant that expresses the transition range.

The pioneering work on the effect of water on crisp-

ness was presented by Brennan et al. in 1974, followed

by Katz and Labuza (1981), in studies presenting sen-
sory crispness and mechanical data of snacks equﬂx-

" brated at different water activities.

The baking and extrusion-cooking processes of
starch-based material lead to the major loss of the
materials crystallinity (Le Meste er al., 1996). Thus,
crispness has been associated with the amorphous state,
and the change from crispy (brittle, noisy) to deform-

able (ductile, sﬂent) following rehydration was attrib-

uted to the occurrence of the glass transition of the

. product at room temperature (Ablett, Attenburrow, &

Lillford, 1986; Slade & Levine, 1993). The critical effect
of moisture was associated to a plasticization mechan-
ism consisting in a free volume increase through the
addition of low molecular weight molecules (water),
resulting in a greater mobility and increased flexibility
of the macromolecules in the dynamically constrained
glass (Ferry, 1980; Sears & Darby, 1982). The plastici-
zation causes a decrease of the glass tramsition tem-
perature (Tg) below ambient temperature, and thus a
decrease of the rigidity of the hydrated product (Ablett
et al., 1996; Hutchinson ez al., 1989).

However, several authors report that crispness of cer-

eal-based products could be affected by hydration
(Attenburrow ef al., 1992; Fontanet ez al, 1997,
Hutchinson et al., 1989; Kaletung & Breslauer, 1993; Le
Meste ef al., 1996; Li et al., 1998; Nicholls et al., 1995;
Roudaut er al., 1998) at temperatures well below their
T, or the T, measured for hydrated wheat- starch
(Zeleznak & Hoseney, 1987). Studying crackers, Niko-
laidis and Labuza (1996) atiributed hydration-induced
texture changes to the glass transition of gluten. It could
be argued that the studied products contain not only
gluten bat also other ingredients (starch, sugars) which
might affect T, of the complex product. Moreover, due
to the complexnty of the products, the existence of a
unique glass transition and the role of the transition in

the texture change are questioned. Several authors .

(Kalichevsky et al., 1993; Slade & Levine, 1993) have
stressed out that due to their complexity and hetero-
geneity, products may contain multiple phases with dif-
ferent Ty's. The textural changes could thus be caused
by the glass transition of a minor phase, which may not
be visible on DSC thermograms. However, such a point
may not be valid, for single component sample. For
Peleg (1999), the contribution of the glass transition to
the texture changes might not be relevant, since all

ciated properties can be observed to vary within a wide

range of water contents and thus may not result from a '

‘properties may not change in unison as predicted by the
glass transition theory. Indeed, different crispness-asso- .
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single event (Peleg, 1993 Tesch, Norman, & Pe]eg,

. 1996).

While the contribution of the glass transition to tex-
ture changes is questioned, the importance of sub-T,
motions is given attention. Indeed, localized movements
precedmg thc o relaxation (onset of large amplitude
cooperative movements) could participate. in texture
changes of glassy polymers (Fontanet et al., 1997; Le
Meste et al., 1996; Roudaut, Maglione, & Le Meste,

1999; Wu, 1992). Below 15% water content, starchy .

products are glassy at ambient temperature; however,
‘between 0-and 10% of water, they exhibit a decrease of
crispness concomitant to an increase of -hardness

(observed by instrumental and sensory measurements) )

upon rehydration (Harris & Peleg, 1996; Roudaut ez al.,
1998; Suwonsichon & Peleg, 1998; Vallés Pamies et al.,
-2000; Waichungo et al, 2000). An antiplasticizing
mechanism was suggested to interpret such a phenom-
" enon, the increasing hydration being possibly respon-
sible for both a molecular densification of the product
(decreasing free volume) (Benczedi, 1999; Seow, Cheah,
& Chang, 1999; Vrentas, Duda & Ling, 1988), and
additional -interactions between water and. the - bio-
polymer matrix. This stiffening has also been attri-
buted to a mo]ecular rearrangement facilitated by an
" initial mcreased mobility due to the water uptake
(Fontanet er al., 1997). Above 9-10% of water; the
plasticization phenomenon would become dominant,
and the hardness would decrease (Roudaut et al., 1998)
_ (Figure 3). '

Since ingredients affect the structural organisation of

products, they are likely to control their mechanical
properties (Barrett ez al., 1994; Desrumaux er al., 1999;
Faubion & Hoseney, 1982; Mohamed, Abd Hamid, &
Abdul Hamid, 1998; Moore, Sanei, -Van Hecke, &

" Bouvier, 1990; Onwulata, Smith, Konstance, & Hol- -

10 +

mean score

0

‘5 e e Y 13
water content (% wb)

" Fig. 3. Influence- of -water content on crispness (@) and hardness
(4} for extruded flat bread.
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. singer, 2001; Van Hecke et al,

998) and most expect-

17

edly their crispness. Literature does not offer a large

 number of studies on the influence of formulation on

crispness. It is likely that industrial trials are actually
run on the matter, however, faced with a competition
issue, their results remain confidential. In most studies,
the role of mgredxents on crispness is extrapolated from
their role on mechanical or structure properties, and
rarely on their effects on the perceived crispness. How-

ever, a few studies report sensory data (Desrumaux ez

al., 1999; Ferriola & Stone, 1998, Mohamed er al., 1998;
Roudaut, Dacremont; Vallés Pamies, Mitchell, & Le
Meste, 2001 Thakur & Sakena, 2000; Van Hecke ez al.,
1995, 1998). Based on the assumption that texture of

" snack foods is controlled by ingredients providing

enough viscosity and retaining texture and shape, Tha-
kur and -Saxena (2000) have studied the influence -of
different types of flour (corn, gram) and gums (xanthan,
guar, arabic gum, carboxymethylcellulose). However,

‘because the measured sensory attributes are not clearly

defined, and because large interactions between the
effects of the ingredients exist, it is quite difficult to draw
a clear conclusion on the individual role of the tested

ingredients. Mohammed ez al. (1998) have investigated
“the effects of pregelatinized rice flour, tapioca starch,

proteins (egg yolk, gluten, skimmed milk, whey and
ovalbumin), emulsifiers and calcium chloride on the
crispness of frying batters. Adding pregelatinized rice
flour, increasing amylose content and adding calcium

. chloride up to an optimum level improved crispuness.
These results remain ambiguous for the crispness eva-.

luation is unclear (hardness and crispness attributes are
used undistinctively). The interactions between proteins,
polysacchandes and water have been suggested to play

- a‘rolein the crispness of some products (Mohamed et al.,

1998; Van Hecke et al., 1995). Proteins and fibers have
generally a deleterious effect on crispness (Moore et al.,

1990; Sotillo & Hettiarachy, 1994). Fatty acids and
emulsifiers may. control crispness through the formation
of complexes with starch (Desrumaux er al, 1999;
Mohamed ez al., 1998; Van Hecke ez al, 1998); when

used at low concentrations (0.5%), they provide maize

grits with optimal crispness (Desrumaux et al., 1999).

- The effect of sucrose on crispness has been investi-
gated in various ways. - Nussinovitch er al. (2000)
observed that, for freeze-dned agar prepared with or

without infused sucrose, sucrose increased brittleness

(and thus expectedly crispness), although the inter-
pretation was ambiguous for sucrose affected the den-
sity of the material. Sucrose exhibits a crispness
protecting action against hydration, shifting for sucrose-
rich extruded starch the critical hydration towards
values higher than for pure extruded starch (Roudaut et
al., 2001; Vallés Pamies er al., 2000).

Finally, the influence of secondary sweeteners (coat-

ing)-on the ‘bowl life’ of crispness was considered by |
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Ferriola and Stone (1998) with a mgmﬁcant ‘wet’
crispness stabilization by honey.

Conclusions

Crispness is a complex attribute resulting on the one
hand from multiple sensations and on the other hand
from multiple physical parameters, combining mole-
cular, structural and manufacturing processes, as well as
storage conditions.

In general, research works should better merge sen-

sory.and instrumental approaches. Indeed instrumental '

related information such as sonograms or electro-

_ myographies data would enable a better understanding
of the mental representation of texture through model-
ling cognitive activities from stimuli characteristics. In
turns, sensory aspects should be considered in physical
studies and take into account ‘aspects such as, for
example, the mastication dynamics induced by changes
in both temperature and moisture content due to saliva.
Moreover, further studies should consider the role of

ingredients to control and preserve crispness, as well as -

standardization of the sensory tests to' ensure con-
sistency in the outcomes of the studies, especially in an
- international research context.
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ABSTRACT

Twenty subjects judged the crispness, loudness, and firmness of sixteen
- food samples by both biting and chewing and by only biting the foods.
These subjects also scored the foods for thirteen textural qualities. Instru-
mental measures of slope, peak force, and deformation to fracture were
obtained for the sixteen foods from a snap test at four deformation rates.
Whether a subject judged an attribute by the bite or the bite and chew
. technique made little or no difference in the sensory judgments. Crispness
. appeared to be very closely related to loudness and less closely related to
firmness. Loudness of the chewing sounds was more closely related to
crispness than toc firmness. Of the sensory qualities studied, loud, snap,
and craclkly were the three most closely related to crispness. Of the instru-
mental parameters Young's Modulus generally had the highest correlation
with the crispness of all foods and peak force generally had the highest
correlation with firmness. Defarmation rate had minimal effects on mea-
sures of flexure or peak force, but its effects on Young's Modulus were
[requently large and irregular. A vibrotactile-acoustical hypothesis for
crispness is proposed.
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INTRODUCTION

Since Vickers and Bourne (1976b) suggested that crispness in foods
might be an acoustical sensation, research on crispness has broadened to
encompass the sounds produced when a food is bitten or crushed {Vickers
1979; Jowitt and Mohamad 1979; Sherman and Deghaidy 1978; Vickers

"and Wasserman 1980). Vickers and Bourne (1976b) suggested that the'
loudness of the sounds produced when biting a crisp food was very im-
portant for quaritifying the sensation of crispness. A study of food sounds
by Vickers and Wasserman (1980) also provided evidence. for a close re-
lationship between loudness and crispness.

Crushing sounds, however, are not the only sensations involved in the
perception of crispness. Christensen and Vickers (1981) have shown that
judgments of crispness do not change when auditory sensations are
blocked, indicating that chewing sounds are not essential for judgments

" of food crispness. Oral tactile sensations apparently provide much of the . —
information needed for sensory judgments of crispness. Brennan et al.
(1970) found that sensory firmness and crispness in apples are highly cor-
related but easily distinguished. Jeon et al. (1975) defined sensory crisp-
ness of a cucumber pickle as the force required to bite through it, indi-
cating that they considered crispness as equivalent to fitmness or hardness. -

_One objective of this research was to study the relationships between
sensory measures of crispness, loudness, and firmriess for a wide range of
crisp foods to test the earlier speculations that the sensations of crispness
are closely related to acoustical sensations of loudness and/or tactile sen--
sations of firmriess. ' ' o o

We also examined the relationship between two techniques for judging =
the three sensory attributes: a “bite only” technique and a *‘bite and chew”
technique. Vickers and Bourne (1976a) reported that subjects stated they . -
could best judge crispness while biting the foods. This contrasts with :
Sherman and Deghaidy's (1978) observation that subjects in their study
used information from both biting and chewing the foods to judge crisp-
-ness, : . . .

A second objective of this study was to compare the sensory measures
of crispness, loudness, and firmness with instrumental measures of stiff-
ness, flexure, and breaking force determined from a triple beam snap test
at four deformation rates. Vickers and Bourne (1976a) reviewed the litera-
ture on crispness in foods and identified two instrumental textural mea-
sures derived from a snap test, bend deformation to fracture and stiffness
(the slope of a force-deformation curve or Young's Modulus), that have
been shown to have large correlations with sensory crispness over a variety .
of different foods. Extensive studies by lles and Elson (1972), Brennan
et al. (1974), and Vickers (1975) contributed substantially to this con-
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clusion. Many other instrumental tests have shown an agreement with
sensory crispness for a single product; however, most of these other mea-
surements do not predict the crispness of more than a single food.

Sherman and Deghaidy {1978) have further pursued the study of crisp-
ness in food and provided additional evidence for the relationship between
crispness and stiffness measured from a snap test. Their work also indi-
cates that the rate of deformation may be an important factor for the
instrumental testing. _ ] : .

A third objective of this study was to examine a broad set of textural
descriptors to determine their relation to the sensory quality of crispness
and to the instrumental parameters studied. These other descriptors
might provide additional clues to the oral tactile nature of the crispness
sensation. . : ' _

- MATERIALS AND METHODS

Samples

Nine different food samples, purchased in local supermarkets, were used
in this study. From these foods sixteen different samples, some with
altered crispness, were prepared for testing (Table 1). The foods were
cut into rectangular shapes. (Celery was an exception. Each rib was cut
in half longitudinally. Measures of height and width thus correspond to
the nonrectangular half-rib sections.) These foods were chosen because
they represent a broad range of crispness and have dissimilar textures.

To alter the level of crispness the water activities of the dry crisp foods
were adjusted to approximately those shown in Table 1 by placing them
in desiccators containing one of the following saturated salt solutions:

LiCl (a,, = .11), MgCl (ay, = .32), K,CO; (a,, = .44), and NaCl (a,, = .75)

The samples remained in the desiccators for at least one week. They were
then wrapped individually in Saran and stored in airtight containers until
tested. The crispness of the wet crisp foods was adjusted by blanching
them in boiling water for the length of time indicated in Table 1. Wet
crisp foods were refrigerated in water until the day of testing.,

Subjects
Twenty U. of Pennsylvania students, 12 males and 8 females, served as -

subjects. They were solicited by an advertisement in the campus news-
paper. Subjects were chosen in aorder of inquiry and were paid for their

participation.
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Table 1

Dimensions* in mm
Product Height Width
Celery, fresh o a7 ) 16.7
Celery, blanched 45 s 8.3 15.0
Celery, blanched 3 min ’ 7.9 14.8
Turnips, {resh - . - 11T 12.1
Turnips, blanched 30 s 10.6 11.1
White radish, fresh i 59 12.5
White radish, blanched 60 s 5.2 10.6
Gingersnap (Nabisco), a,, = .11 ) 6.6 21.0
Gingersnap {Nabisco), a,, = .32 ' ‘6.6 21.0
Triscuit (Nabisco), a,, = .32 - 5.0 194
Triscuit (Nabisco), a,, = .44 © 5.0 19.4
Triscuit (Nabisco), a, = .75 5.0 19.4
Waverly Wafer (Nabisco), a; = .11 4.8 36.0
Ry Krisp (Ralston Purina), a , = 32 5.7 . 30.7
Lorma Doone (Nabisco), a,, =.76 9.5 20.6
Saitine (Nabisco), a,, = .44 4.0 25.0
*Dimensions ure averages of all samples used for inst al

Sensory Testing

Each subject was tested separately by an experimenter who was present
throughout the test. The experimenter gave directions, distributed the
samples and answered procedural questions. Each subject participated in
two 45 min sessions. Subjects used magnitude estimation (modulus-free)
to judge the loudness, crispness, and firmness of the food samples. Before
testing began, the subjects practiced using magnitude estimation by assign-
ing numbers to different sizes of circles.

In both test sessions the subjects judged three separate and sequential
sets of the 16 food samples, one set for crispness, one set for firmness, and
one for loudness. Half of the subjects were instructed to make their
judgments by only biting the foods during the first session and by biting
and chewing the foods du.rmg the second session. The other half used the
bite and chew method in the first session and the bite only method in the
second session. (The bite only technique involved biting the food with the
incisors and immediately expectorating. The bite and chew technique in-
volved biting the food with the incisors and chewing at least twice with
the molars.)

After judging each sample set, subjects assigned numbers to verbal con-
cepts using the same numerical scales they had used to evaluate the foods.
This scoring was intended to anchor the magnitude estimation results to
the following five terms arranged in order of intensity: least crisp (loud,
firm) food imaginable, slightly, moderately, and extremely crisp (loud,

2530799A | >

50



SENSORY CRISPNESS AND INSTRUMENTAL PARAMETERS 295

firm) and most crisp {loud, firm) food imaginable. The order in which
the attributes were judged and the order of the food samples within a
set were randomized.’ o _
After completing the magnitude estimation judgments in the second
session, subjects were presented with anether set of the 16 foods and
asked to score each of the samples for the following attributes (which
were not defined for the subjects): brittleness, toughness, snappiness,
firmness, gumminess, flakiness, loudness, stiffness, crispness, smoothness,
crackliness, elasticity, and hardness. Subjects scored each food for each
attribute by category scaling. (See Fig. 1.)

1 I § | i { [} A I

NOT VERY SLIGHTLY SLIGHTLY MOGDERATELY VERY EXTREMELY
APPLICABLE Illm. . BRIVILE BRITTLE BRITTLE BRITTLE
1 1t i ] L1 | I
- not VERY SLIGHTLY SLIGHTLY MODERATELY . 'VERY EXTREMELY
APPLICABLE TOUGH TOUGH TOUSH . TOUGEH Tm

FIG. 1. RESPONSE FORM USED FOR SCORING THE FbODS ON THE THIRTEEN
SENSORY ATTRIBUTES .

Instrumental Testing

A table model Instron Universal Testing Machine (Model 1132) was
_equipped with a triple beam snap test cell modeled from the one described

by Bruns and Bourne (1976). The test involved supporting a rectangular
bar of food across the two lower bars (always set 3 cm apart) and frac-
turing it at the center by the downward motion of the upper blade. Ten
samples of each product were tested at crosshead speeds of 5, 10, 20,
and 25 em/min. The latter was the Instron’s fastest deformation rate.
The following parameters were measured: peak force, slope — the slope
was measured at the steepest part of the force-deformation curve, and
deformation to fracture. E -

-‘DATA ANALYSIS

Instrumental

Arithmetic means of the peak force (F), slope (S), and deformation
to fracture (D) were used to calculate the following parameters for each
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food and each deformation rate:
F/D — asecond indicator of slope

FD _ an index of curvature (For a purely elastic food this
ratio would equal 1)
E = Young’s modulus of elasticity calculated as follows:

sL’®
E=
4bh
- where:
L = effective length of sample (30 mm)
b = sample width
h = sample hexghl:

(The width and height of the celery samples were multipled by/2/3.

. before entering them in this equation because the cross sectional area of
the celery was 2/3 of that determmed by multlplymg its width by its
height.)

D/h — flexure correct.ed for sample height

Sensory

The magnitude estimation data were first normalized using geometric
means (Engen 1971) to equate the moduli of the different subjects. Nor-
malization procedures were performed separately for the three sensory
attributes and for the bite orily and bite and chew techniques (a total of
six separate normalizations).

Regression lines and correlation coefficients for relatnonshlps between
the bite and the bite and chew techniques and between the different sen-
sory parameters were computed using mean normalized data. Input for

_the regression analyses for the relationships between sensory and instru-
mental parameters consisted of the mean values for the instrumental para-
meters and all normalized subject’s values for the sensory parameters.

Mean data from the category scaling of the 16 foods on the.13 attri-
butes were used to determine the dependence of the quality crispness on
the remaining attributes. Multiple regression analysis was used to evaluate
the contribution of the eleven other variables to the sensation of crisp-
ness (Nie et al. 1975). Principal component analysis (Varimax rotation)
was used to determine which of the thirteen attributes appeared most
closely related to crispness ( Nxe et al 1975)

2530798A__1_ >
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RESULTS

Sensory
Whether a sensory attribute was )udged by the bite or the bite and chew
technique made little difference in the subjects’ scores. Sample correla-

. tion coefficients between the two judging techniques were +.97 for crisp-
ness, +.95 for loudness, and +.98 for firmness. The estimated slope of
the regression equation relatmg the geometric means of crispness bite to
the geometric means of crispness bite and chew is 1.00, indicating a one-
to-one relationship between them. The estimated slope of the line relating
loudness bite to loudness bite and chew was 0.91, and the estimated slope:
of the line relating firmness bite to firmness bite and chew was 0.97,
These estimates are not significantly different from 1.00, and accordingly,
further analyses used only the bite and chew data.

The highest sample correlation between any two of the three sensory

_attributes was between loudness and crispness (r = +.97). Sample corre-
lations between loudness and firmness (r = +.84) and between firmness
and crispness (r = +.83) were somewhat lower.

Multiple regression analysis of the category scale data indicated that
snap, loud, and crackly were the three terms most closely associated -
with crispness. :

(Crisp = .32 snap + .31 loud + .26 crackly...)

When the data for wet crisp foods were analyzed separately, firmness re-
placed crackly as one of the most closely associated terms with crispness.
Multiple regression analysis for only the dry-crisp foods yielded similar
results to the analysis of all foods.
. Loud and snap were also the terms most closely assoclated with crisp-
ness in the principal component analysis results. The plot of the first
two factors is shown in Fig. 2. Loadings and Eigenvalues for the factors
are listed in Table 2. In this plot brittleness appears to be less related
to crispness than it is.to. crackliness. The close positioning of crackly and
. brittle was likely responsible for crackly masking brittleness in the multi-
ple regression analysis. Separate principal component analyses of both ,
wet and dry crisp foods were similar to the analysis of all foods except
the terms crackly, loud, firm, snap, hard, stiff, and brittle appeared to
cluster more closely around crispness when only the dry crisp foods were
analyzed, and tended to spread farther apart when only the wet erisp
foods were analyzed. In all cases the characteristics gummy, flaky, smooth,
and elastic were not positioned close to crispness. .
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o flaky

brittie B Srackly

o CRISP
o SNEp

aloud

o hard

tougho o stiff

. gummy o
thmo
smoothe
‘o 6_“:
FIG. 2. RESULTS OF PRINCIPAL COMPONENTS
. ANALYSIS ON ALL FOODS

Origin is indicated by +. The abscissa represents factor
- 1; the ordinate represents factor 2.’

Table 2. Principil components analysis results

Variable . Factor 1 Factor 2 Factor 3

" Brittle: 46 .75, -.07

. Tough 82 .08 . .36

- Snap .75 . 41 -.10
Firm - o .84 s L . =03 .
Gummy -,08 .09 .86
Flaky : —12 .88 " —18
Loud - 79 .26 : —14
Stifr. .8 .09 —.01

. Crisp 72 .45 —-19
Smooth -.11 . —.19 .80 .

" Crackly .46 .76 ) -—.09
Elastic .08 .28 . .18
Hard 85 . .18 —.08

_ Eigenvalue . 5.55 T 2.46 1.36
Percent of . : '

Variation 4270, 18.90 10.50
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Instrumental

Deformation rate influenced the parameters of peak force, flexture,
slope, and Young's Modulus, but no consistent pattern was observed be-
tween foods. Effects on flexure and peak force were minimal. Fresh tur-
nips were an exception; peak force increased dramatically with increasing
crosshead speed. Table 3 gives the peak force data at the four crosshead
speeds. Peak force readings at higher crosshead speeds tend to be slightly -
depressed for dry crisp foods. The effects of crosshead speed on Young’s
Modulus were irregular and large for the dry crisp foods (Fig. 3) and min-
imal for wet crisp foods (Table 4). Figure 3 illustrates that not only do the
actual values of Young’s Modulus vary considerably for a single product
with changes in crosshead speed, but the relationship of that food to
other foods in the sample set can change dramatically. For example, Ry
Krisp at a crosshead speed of 5 cm/min has the third highest value of
Young’s Modulus (3.71). However, at a crosshead speed of 25 cm/min it
has the seventh highest value (2.53). The slower crosshead speed, 5 cm/min,
produced the highest correlations between all three sensory qualities :
(crispness, firmness, and loudness) of all foods and both peak force and
Young's Modulus. These correlations are listed in the upper portion of
Table 5. '

Instrumental — Sensory

Only the instrumental parameters peak force, slope, F/D, and Young'’s
Modulus showed reasonably high correlations (r > +.40) with the three
sensory attributes of loudness, crispness, and firmness. Since slope, F/D,
and Young’s Modulus are so closely related and Young's Modulus had
the best correlations with crispness, only the values for Young’s Modulus -
will be detailed. _

Of the instrumental measures, Young’s Modulus generally correlated

. most highly with the crispness of all foods. The correlations between

Young’s Modulus and crispness remained rather stable at the four differ-

" ent deformation rates (Table 5) in spite of the variability shown in Fig. 3. .

The relationship between Young’s Modulus and crispness is shown in

‘Fig. 4. The crispness of dry crisp foods appears to have a different rela-

tionship to Young’s Modulus than does the crispness of wet crisp foods.
" The highest correlations for any instrumental-sensory pair occurred
between peak force and firmness for dry crisp foads (Table 5). Peak
force generally appears to be better than Young's Modulus as an indica-
tor of firmness. . .
Carrelations between peak force and loudness tend to diminish as de-

_ formation rates increased for wet crisp foods but not for dry crisp foods.
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FIG. 3. RELATIONSHIPS BETWEEN DEFORMATION RATE
AND YOUNG'S MODULUS FOR THE DRY CRISP FOODS

GM (gingersnap MgCl), GL.(gingersnap LiCl), TK (Triscuit
K3 CO; ), TM (Triscuit MgCl), TN (Triscuit NaCl), S (saltine
K,CO; ), W (Waverly Wafer LiCl), RK (Ry Krisp MgCl).

Correlations between Young’s Modulus and loudness, however, remain
relatively stable at increasing deformation rate. .
DISCUSSION
The high correlations and one-to-one relationships between the bite '

only and the bite and chew techniques suggest that the sensory informa-
tion required to determine food crispness, loudness, and firmness is
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Table 3. Peak force in kilbgrams for 16 different food samples at four
deformation rates

Deformation Rate — cm/min

Food 5 10 20 25
Celery, fresh 3.23 2.82 2.68 2.42
Celery, blanched 45s5* 1.17 1.12 | 1.07 1.20
Celery, blanched 3 . .

min® - .93 .81 .93 1.02
Turnips, fresh 2.35 2.91 3.30 4.52
Turnips, blanched :

308 .91 .92 1.17 - 1.28
White radish, fresh .53 .54 57 .55
White radish, blanched : ’ :

60 s* 11 .14 .18 .16
Gingersnap, LiCl - 2.66 2.16 1.83 1.75
Gingersnap, MgCl 275 2.51 2.37 1.90
Triscuit, MgCl 1.40 1.29 1.29 1.04
Triscuit, K;CO, 1.38 1.42 -1.56 1.20
Triscuit, NaCl 156 = 162 1.51 1.40
Waverly Wafer, LiC} 1.51 1.38 .91 J1b
Ry Krisp, MgC) 1.42 1.27 1.34 - 118
Lorna Doone, NaCl .87 .57 .24 .23
Saltine, K, CO; .79 .65 61 .64

SBlanched vegetables often did not break
by eebler Club crackers were substituted for these two tests due 1o unavalability of
Waverly Wafers .

Table 4. Young's Modulus in kg mm? for the wet crisp food samples
at I'our deformation rates

Deformation Rnte — cm/min

Food 5 10 20 25
Celery, fresh .68 71 .80 - .70
Celery, cooked 458 .29 .29 .31 .38
Celery, cooked 3 min .27 .23 25 .33
Turnips, fresh .21 .28 .35 .52
Turnips, cooked 30s .05 .05 08" - .08 -
White radish, fresh = .58 63 . .68 .56
White radish, cooked ]

60s - 07 .10 A1 11

present in the initial bite. These data contrast with Sherman and Deghaidy’s
(1978) findings that subjects reported using both biting and chewing
* sounds for judgments of crispness. Information obtained during chew-
ing may be useful, but it does not appear to be essential for judgments
of crispness.
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' FIG. 4. RELATIONSHIPS BETWEEN SENSORY CRISP-
NESS AND YOUNG’S MODULUS

The deformation rate is 5 cm/min. X's represnt dry crisp
foods; O's represent wet crisp foods. :

Relationiships between the sensory attributes of crispness, loudness, and
firmness demonstrate that crispness judgments are more highly correlated
to the auditory sensation of loudness than to the tactile sensation of firm-
ness. Firmness may be a poor choice of a tactile sensation involved in
crispness. Recent research (Christensen and Vickers 1981) has demon-
strated that crispness judgments can easily be made in the absence of
any auditory feedback from biting and chewing sounds. Thus an oral

tactile crispness sensation must exist.

B &
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Results of the principal components analyses showed that crispness
had a high loading on facter (1), 2 moderated loading on factor (2), and
a negative leading on factor (3). The first factor appears to describe a hard-
ness dimension since hardness and firmness load vary highly on the factor.
Flaky, brittle, and crackly load highly on factor 2. This dimension appears
to represent the fracturability of the food. The descriptors gummy,
smooth, and elastic characterize factor 3. From these analyses crispness
would appear to contain independent elements of both hardness and
fracturability. o o

Figure 2 shows that the descriptors most closely assocated with crisp-
ness are snap, crackly, brittle, and loud. Vickers and Wasserman (1980)
found that snap, crackly, and brittle were descriptors with an auditory
component. These terms, along with loudness, were found to be similar
to crispness in their multidimensional scaling study of food sounds.

Although the effects of crosshead speed on peak force were minimal

" (Table 3) correlations of peak force with the crispness of all foods di- . , -_

minished markedly with increasing deformation rate (Table 5). Two fac-
tors may help account for these changes. The first of these is the marked
increase in peak force with increasing deformation rate shown by the

- fresh turnip. At a deformation rate of 25 cm/min the fresh turnip has a

peak force nearly twice as high as any other food. Fresh tumips, however,
are scored relatively low for crispness. The second factor might be that
the peak force readings for dry crisp foods tend to be slightly lower at
the higher crosshead speeds. (This tendency is also apparent in the results
of Sherman and Deghaidy (1978)). Although correlations between peak '
force and crispness for dry crisp foods alone tend to increase with increas-
ing crosshead speed, when these data are combined with that of wet
crisp foods the overall correlation is diminished. "

Peak force is a better indicator of the tactile sensation of firmness
whereas Young's Modulus tends to be a better indicator of the sensation

- of crispness. The observation that Young’s Modulus generally correlated

most highly- with the crispness of all foods supports observations of
earlier investigators (Brennan et al. 1970; Iles and Elson 1971; Vickers
1975; Sherman and Deghaidy 1978). This study differed from these
above in that it examined a wider variety of food textures and a broader
range of crispness. It is not possible to conclude that Young's Modulus
correlated more highly with sensations of an acoustical nature whereas
peak force correlates more highly with tactile sensations, because both
instrumental parameters are about equally well correlated to loudness.
Vickers and Bourne (197 6b) speculated that stiffness correlated with
crispness because the stiffness contributed to the loudness of the sound
produced when the food was bitten. (Young'’s Modulus of elasticity is
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proportxonal to the amplitude of vibration (Mohsenin 1970)). However,
Young's Modulus tends to correlate more highly with crispness than with
loudness. These data suggest that the contribution of stiffness to the
sensation of crispness involves more than just loudness.

“The correlation coefficients between the sensory attributes closely re-
lated to crispness and the instrumental parameters peak force and Young s

* Modulus are shown in Table 6. Young's Modulus correlates more highly |

with descriptors that load highly on factor 2 of the principal components
analysis. Peak force tends to correlate more highly with descriptors that

‘have high loadings on factor 1. If crispness does contain independent

elements of both hardness and fracturability, as suggested by the princi-
pal components analysis, peak force, and Young s Modulus may be indi-
cators of these components.

Table 6. Correlation coeffi clents between peak force,
Young's Modulus, and sensory attributes closely related

- to crispness
: ’ Instrumental Parameter?
Sensory Parameter' Peak Force. Young's Modulus
Brittle .35 IR Y
Snappy o 48 - .55
Firm 48 . .32
Loud ’ 1) 150
Crisp ' 49 .87
Crackly .33 .64

! From category scaling duta
“ 4 Deformation rate = 5 ecm/min

Together the sensory and the instrumental data indicate that crispness
is a complex sensation having both auditory and oral tactile components.
The repeated breaking or repeated fracturing of food samples during
biting and chewing has been implicated in the generation of the charac-
teristic sounds produced by crisp foods (Vickers and Bourne 1976b).
This repeated breaking may produce the quality of fracturability associa-
ted with factor 2 of the principal components analysis whereas the forces
‘associated . with the repeated breaking may be related to factor 1. Vibra-
tions from this fracturing likely contribute substantially to the tactile
sensation of crispness. These tactile vibrations would then be enhanced
by any accompanying auditory sensations.

The results of this study together with those of Chnstensen and'
Vickers (1981) support a hypothesis that vibratory stimuli produced by
the repeated fracturing of a food underlie crispnéss. Vibratory stimuli

2530790A__1_>
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would be expected to produce both tactile and auditory sensations of
crispness. This hypotheses would also accommodate the earlier studies

- of Vickers and Bourne (1976b) as well as the more recent studies of

Sherman and Deghaidy (1978) and Vickers and Wasserman (1980). This
hypothesis explains why food crushing sounds provide information on
crispness and why crispness judgments can be made in the absence of
these auditory cues. It also allows for the lack of an excellent correspon-
dence between the sensation of crispness and any single force-deformation
parameter obtained from Instron testing. ’
If crispness is a vibrotactile-acoustical sensation, future instrumental
tests should address these qualities. Studies of vibration amplitude and
the vibratory pattems produced when a food is crushed should be pro-
mising avenues for future research on instrumental measures of crispness.

SUMMARY

- Sensory analysis indicates that crispness is more closely related to
acoustical qualities such as loud, snap, and crackly than to oral tactile
qualities such as firmness. Young's Modulus, an instrumental parameter
obtained from an Instron snap test, shows the closest relationships to
sensory crispness. These relationships are fairly stable at deformation
rates of 5—25 cm/min. The hypdthesis that crispness is a vibrotactile-

"acoustical sensation provides a satisfactory explanation for the close re- '

lationship of crispness to other acoustical sensations, the ease of making

‘crispness judgments in the absence of acoustical sensations, and the rela-

tive inadequacy of Young’s Modulus as a measure of the stimulus.
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ABSTRACT
The crispness of selected snack foods, Pringles potato chips, Paprika

extruded . snack and Munchy crackers, was evaluated by crushing the snack

samples with a pair of pincers, and analyzing the frequency domain spectra of
acoustic patterns by the neural nesworks (NNs). The inpwts for training the NNs
comprised 102 amplitudes of sound signals in 0-7 kHz frequency range at the

. intervals of about 69 Hz with moisture content or crispness grades as outputs.
Both backpropagation (BPNN) and probabilistic (PNN) models showed good ..

performance in classifying the snack foods into four grades of sensory crispness.
The prediction accuracy of PNN models ranged approximately from 96 to 98%
and was higher than the accuracy of BPNN models by about 1010 25%. Results
showed that frequency domain spectra of acoustic signals could be successfully
analyzed by the NNs for predicting the crispness of snack food products.

INTRODUCTION

Many studies have been carried out in the past on acoustical measurements
of food quality attributes (Drake 1963, 1965; Vickers and Bourne 1976a;
Vickers 1980, 1983, 1987; Mohamed et al. 1982; Seymour and Hamann 1984;
Edminster and Vickers 1985; Duizer ef al. 1998; Liu and Tan 1999). A basic

_ premise of these studies has been that physical measurements of crushing sounds

2630768A__1 >

could provide new information to correlate with sensory evaluation of food

texture. Duizer (2001) has reviewed the main aspects of acoustic research for
studying the sensory perception of crisp, crunchy and crackly textures.’ ’
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The loudness of crushing sounds differs greatly for crispy and less-crispy )

foods, and a high degree of correlation has been reported between sound
amplitude and perceived loudness (Drake 1963, 1965). Vickers and Boumne
(1976b) found that the amplitude and the number of sounds produced from biting
wet and.dry foods varied with the crispness of samples. The perceived loudress
of the crushing sounds had a high positive correlation with the perceived
crispness of the foods (Vickers and Wasserman 1979; Christensen and Vickers
1981). Average sound energy was correlated with sensory crispness by
Mohamed et al. (1982). Crisp foods produced higher pitched sounds and louder
than crunchy foods (Vickers 1984, 1985). The logarithm of number of sound
occurrences and sound amplitude had high correlation with auditory perception.
of crispness (Edminster and Vickers 1985).

Fast Fourier Transform (FFT) has been applied in several studies to analyze
the sound signals in frequency domain. Seymour and Hamann (1988) divided the
acoustic spectra into four frequency ranges to determine the mean values of
sound pressure, sound pressure level and sound intensity,-and found that sound
pressure was lowest for the highest moisture food products. Lee e al. (1988)
found that the sound spectra of crisp potato chips had a greater amount of high-
frequency components than those from stale samples. Duizer e al. (1998)

determined the mean amplitudes of acoustic signatures between 1 and 2 kHz and

between 6 and 7 kHz to relate with the sensory characteristics of extruded snack
products. Barton et al. (1998) analyzed the popping sounds during extrusion to
determine the average power of the signal by FFT and used antificial neural
network (NN) to predict bulk density and fracture force of extruded product. Liu
and Tan (1999) used short-time Fourier transform and analyzed sound signals
to extract forty-two fearures. Comparison of predicted and actual sensory
crispness scores based on thirty-two features showed that NN performed better
than principal component regression. '

" The sound from the crushing of a food contains a large amount of

information. Despite a large number of swdies, the analysis of food crushing

~ sounds continues to be a difficult task because of a very complex retationship

between sensory attributes of crispness and acoustic measurements. In addition,
the procedures for extracting sound signal features are not straightforward.
Therefore, the objective of this study was to develop a reliable and easy way to
implement methodology for evaluating the sensory crispness of snack food
products based on direct application of frequency domain spectra of acoustic
signals and NN models. :
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MATERIALS AND METHODS
Snack Food Sampls

All samples were pﬁchased at a local supermarket from the same lot of
manufacturing, and used before the suggested date of expiration. Three different

types of snack foods (Pringles brand potato chips, Paprika brand extruded

snacks, and Munchy brand crackers with initia! moisture content of about 3.1,

2.0 and 3.7% db, respectively) were selected from a wide vanety of commer-

cially available products

Moisture Determination and Condiﬁoning

The 'moisnueAcontent of snack samples was determined by placing duplicate

samples weighing about 5 g in hot air oven maintained at 105 + 1C until the
samples reached constant weight. To alter the level of crispness, the snack foods
were conditioned to different moisture contents by exposing the samples to the
ambient air at about 70% relative humidity to gain weight corresponding to

approximately 1.5% db increase in moisture content successively. The samples

were subsequently packed in polyethylene bags, heat-seiled and placed in air-
tight containers for one week to allow uniform distribution of moisture. It was
possible to condition the snack samples to four or five levels of moisture content

.. with this procedure. Moisture determinations were made following the acousuc

2530788A__1_>

testing and sensory evaluation separately.
Sensory Evaluation of Crispnws

Eleven judges, 9 females and 2 males, pamexpated in the sensory evaluation

dfcnspm The panelists were either Thai graduate students or researchers in
2540 year age group with background in food science and technology. The

" panel could be considered semitrained as well as discriminant and homogeneous.

. A scoring test was used to quantify the increasing levels of sensory
crispness from O to 9 by simply estimating the apparent strength or intensity of
subjective impressions relative to a reference sample with known-numerical

value (Mohamed et al. 1982). The marks on the category scales were anchored '

with the verbal intensity of sensory crispness and later converted to numerical
scale.. The sensory assessment was carried out in 3 test sessions for each
particular type of smack. About five or more pieces of snack weighing
approximately 10 g were presented to the panelists each tinie. Before each test
session began, the panelists were served the crispy reference snack samples that
had been assigned extremely crispy. All panelists were familiar with the word
Krob in Thai which closely matches with crispness sensation. The freshly

96
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opened snacks were chosen as reference samples for each particular type of
snack. All sensory tests were performed in duplicate in a random manner, '

The panelists were instructed to make their decision on crispness only after
biting snack samples with their incisors. Panelists in the research of Sherman
and Deghaidy (1978) indicated that brittleness was evaluated in the mouth during -

the first bite of mastication. Vickers and Christensen (1980) also supported that

the sensory information’ comprising loudness and firmness, required for

determining food crispness, was present in the initial bite.

Acoustic Measurements

Sound Acquisition System. A 9V DC powered microphone connected to
an analog-to-digital converter (Pico ADC-212, Pico Technology Lid., UK) was
used for sound signal acquisition. The voltage output of the microphone in the
form of amplitude-time. signal was converted into a power spectrum of

frequencies using Pico FFT built-in software, and displayed on a PC.

"To imitaté biting with incisors, a pair of pincers having cutting area of 13
mm in length was used. The cutting was performed by hand, The position of

~ microphone was fixed 3 cm away from the pincers. All food sound recordings

were made in a quiet room without sound proofing. Both the PC and micro-
phone were grounded and care was taken inminimizing the electrical noise from

" external sources. The tota! number of tests was 182 for Pringles potato chips

2530798A_|_> -

(3.1 - 8.1% db), 234 for Paprika extruded snack (2.0 - 10.3% db), and 163 for
Munchy crackers_ 3.7 - 8.6% db) in their rspec;ive moisture content ranges.

Application of FFT. Recent studies ‘have reported improvement with
discrete Fourier. transform (DFT) based procedures by first estimating the
frequency and thea applying the DFT using a window (Lai ez al. 1997). The
preliminary tests showed the highest frequency in the sound signals was around

7 kHz. Thus the frequency bandwidth option of 11736 Hz, with 1024 data bins,

was selected to give the frequency resolution of 11.46 Hz. This allowed the total
sample duration of about 87.3 ms; which was adequate for all sound signals
generated by different snack food samples. Hanming window function as
recommended by Seymour and Hamann (1984) was used to force the signal 10
appear periodic. The amplitude of resulting spectrum was 3/8 of the true values
and simply needed to.be multiplied by 8/3 to obtain the correct amplitude.

Neural Network Models

A user frieadly commercial software, NeuroShell 2 (Ward System Group,
Frederick, MD), was used for developing neural network (NN) models. A

‘backpropagation feedforward neural network (BPNN) model with 102 inputs

nodes, 3 layers of hidden slabs with 20 neurons in each slab, and 1 output node

-
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was developed for each type of snack food for estimating moisture content. The
input to each node corresponded to the recorded sound signal amplitude from
FFT at a selected frequency and the output node represented the moisture

content of the snack sample. The input spectral patterns were extracted from the -

frequency domain data, and the first and 102ad input nodes corresponded to 34
Hz and 6980 Hz, respectively, with the intervals of 69 Hz. The acoustic patterns
were divided into training and test sets by extracting 25% patterns randomly for
the test set for developing NN models. The training and test sets comprised 146
and 36 patterns for Pringles potato chips, 188 and 46 patterns for Paprika
extruded snack, and 131 and 32 patterns for Munchy crackers, respectively. A
sigmoid logistic function was used to scale the data into 0 to 1 active range both

‘in training and test sets. The BPNN mode] was developed with the training set

and tested by test set. The accuracy of the testing after every 200 training cycles
was recorded and the model with highest accuracy for test pattern was saved.

- If the subsequent test resuit was better than the previous one, the model saved

previously was replaced. The process was terminated if there was no test pattern
with lower error than the minimuom error recorded after 20,000 or more
consecutive iterations.

The probabilistic neural network (PNN) was a three-layer network that

classified input patterns into four categories of coded outputs represented by
either 0 or 1. There were 102 neurons in the input layer and 4 neurons in the
output layer corresponding to the four categories of crispness. The input data in
acoustic patterns were scaled by a linear function in O to 1 range. The PNN
architecture required the number of neurons in the hidden layer at least equal to
or more than the number of patterus in the training set. Therefore, the PNN
model was developed in this study using 250 neurons in the hidden layer. The
network produced activations in the output layer corresponding to the probability
density function estimated for that category. The highest output represented the
most probable category. Unlike BPNN, the PNN training pattemns were
propagated through the network only once. A geneti¢ algorithm was used for
finding appropriate individual smoothing factors for each input as well as an

overall smoothing factor to improve the networks generalization (Ward Systems

Group 1995).

RESULTS AND DISCUSSION

Sensory CrispnesS .

The plots of moisture content versus seasory score of crispness for three
types of snack products are presented in Fig. 1. The average sensory scores
exhibited an inverse relationship with the moisture content of the snack samples
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FIG. 1. CORRELA’!’ION BETWEEN MOISTURE CONTENT AND SENSORY CRISPNESS
SCORES A\ PR!NGLES POTATO CHIPS, (B) PAPRIKA EXTRUDED SNACK AND
(C) MUNCHY CRACKERS
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" as observed also by Katz and Labuza (1981). Such relationships between

- ACOUSTIC TESTING OF SNACK FOOD CRISPNESS - 407

crispness and moisture content have been reported to be sigmoid shaped (Peleg
1994; Roudaut et al. 1998; Suwonsichon and Peleg 1998). However, the

apparent linear relationship obtained in this study is due to the narrow range of -

moisture content and can still be used to predict sensory scores. The values of
the coefficients of determination (R?) for the fitted relationships were 0.93, 0.98
and 0.95 for Pringles potato chip, Paprika extruded snack and Munchy cracker,
respectively. It has been suggested that the simiple: correlation coefficient
between the instrumental measurements and sensory scores exceeding + 0.9 (R*
> 0.81) could be used with confidence as a predictor of sensory quality (Bourne
1983). Therefore, the developed relationships between semsory scores and
moisture content of snack products were considered good for all practical

~ purposes.

Characteristics of Acoustic Signals

Time Domain Characteristics. Figures 2, 3 and 4 show typical amplitude-
time plots of the crushing sounds produced by the three types of snack products
both at low and high moisture content levels. All snack samples exhibited
uneven and irregular amplitude-time patterns in a similar fashion. The recorded
range of signal amplitude varied within +2 V. The samples producing louder
sound also resulted in higher amplitudes. Generally, all snack samples produced

4 . sound signals of approximate duration within 100 ms (Fig. 2 - 4). The duration

2530798A__I_>

of sounds signals obtained in this study was shorter than the 200-300 ms signal
.duration for sounds produced by biting crisp foods with the incisors and holding

a microphone about 3 cm in front of the mouth (Vickers 1991). However, Liu
and Tan (1999) reported the sound signal duration of about 20 ms when
conducting similar tests for the crushing of a stamh—based snack with a pair of
pliers between two parallel plates.

The duration of sound signals fordxfferemsnacksamplas appeared to be a
unique characteristic for each type of snack product. In addition to the moisture
content, the thickness of food samples apparently influenced the duration of
sound signals. In general, snack samples with lower moisture contents tended
to produce tonger signal durations in comparison with higher moisture content
samples. Vickers and Bourne (1976b) reported that the thickness of the samples
can vary the character of the sound patterns. The duration of sound signal for
Pringles potato chips was approximately 40 ms and the shortest due to their
being very thin as compared to the Munchy crackers with maximum thickness
and showing a signal duration of about 90 ms. The presence of a hollow core
in the case of Paprika extruded snack caused the sound signals to show separate
patterns possibly corresponding to the collapse of the two walls.

100
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FIG. 2. TYPICAL AMPLITUDE VERSUS TIME PLOTS FOR PRINGLES POTATO CHIPS
(A) 3% MOISTURE CONTENT AND (8) 8% MOISTURE CONTENT

Despite the unique characteristics of the duration of sound signals produced
by different food products, its relationship with sensory crispness could not be
established in line with the findings of similar studies (Edminster and Vickers
1985; Vickers 1987, 1988). It should be pointed out that the differences in sound

* duration most probably results from an interaction ‘between the physical

25307688A__I_>

properties of the samples such as thickness and moisture content and the method
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" of crushing the samples. Thus, a direct comparison of the duration of sounds
observed in the various studies could only be made qualitatively.

A
20 ‘ o
0 W 4 60 S 10 120 140 160 180
v
- 29
16
B
20 ms
0 20 4 6 8 100 120 140 160 i80
FIG. 3. TYPICAL AMPLITUDE VERSUS TIME PLOTS FOR PAPRIKA EXTRUDED
SNACK (A) 2% MOISTURE CONTENT AND (B) 9% MOISTURE CONTENT
BNSDOCID: <XP. 2530798A__I_>
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FIG. 4. TYPICAL AMPLITUDE VERSUS TIME PLOTS FOR MUNCHY CRACKER
(A) 4% MOISTURE CONTENT AND (B) 8% MOISTURE CONTENT i

~ Frequency Domain Charactenstus Preliminary tests were carried out to
analyze the information contained in the frequency domain spectra obtained for

a total 414 Pringles potato chips with average moisture content of about 5.0 (93
samples), 6.3 (169 samples), 7.8 (103 samples) and 10.3% db (49 samples). The
average amplitude of individual sound signals in 3-5 kHz frequency range did

not reveal a meaningful refationship with the moisture content as shown in Fig.
5. Duizer ef al. (1998) also reported insignificant differences in the average

104
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amplitudes of the sound signals from the extruded snack foods stored at different
water activities. Subsequently, the acoustic pattems in 1-10kHz frequency range

.were grouped according to the average moisturé content of about 4.1, 5.9, 6.4
and 10.4% db resulting in 140 samples, and the mean amplitude of individual -

sound signals in each moisture content group was calculated. Figure 6 shows

 that mean signal amplitude apparently decreased with an increase in the moisture

content. There were no sharp peaks present in this particular plotduetheeffect
of averaging. The presence of a hump for the sound signal amplitudes in the

frequency range of 3-S kHz was also apparent. The presence of some interfer-

eace at the beginning of the sound spectrum due to the pick-pp of electrical

" noise from the surroundings can also be noticed in Fig. 6.

. The results from the preliminary tests indicated that averaging the signal
amphmdm in selected frequency ranges did not yield a definite trend with the
change in the moisture content of the samples. Therefore, it was decided to use
the sound signal amplitudes in frequency- domain spectra in the final analysis.

Figure 7(A) shows the frequency-amplitude data when frequencies higher than

7 kHz were neglected due to absence of any meaningful information in higher

frequency range. Finally, the 102 data bins that were extracted from the
fxequencmrangmgfmm34to6980szxththem=rvalsof69Hzareshown

in Fig. 7(B).
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FIG. 5. AVERAGE SOUND SIGNAL AMPLITUDE IN 3-5 kHz RANGE AS A FUNCTION
OF MOISTURE CONTENT FOR 414 PRINGLES POTATO CHIPS
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FIG. 6. AVERAGE SOUND SIGNAL AMPLITUDE AS A FUNCTION OF l*liBQUENCY
FOR PRINGLES POTATO CHIPS AT DIFFERENT MOISTURE CONTENT .

-"The lower moisture content samples, "which were considered crisper,
_showed a change in dominant frequency and amplitude when compared withthe
same type of snack with higher moisture contents. Both frequency range and

amplitide tended to decrease with decreasing crispness of the snack foods.
However, the change in the signal amplitudes was more obvious than in
frequencies with increasing moisture content. ‘ ‘ o
There was a great deal of variability in the individual acoustic signatures as
observed also by Duizer et al. (1998). A possibility existed that some important
data bins might have been lost in Fig. 7 when extracting 102 data bins from a
total of 700 data bins for Pringles potato chips at moisture content of 3% db.
The highest signal amplitude of about 43,000 xV in original data in Fig. T(A)
was reduced to about 30,000 xV in Fig. 7(B) due to the data extraction

‘procedure. Though the loss of some important data cannot be avoided, the
" method of extraction should be able to capture the essential features of the signal

amplitude versus frequency patterns.

. The frequency spectra of Pringles potato chibs generally exhibited a main o
"peak around 3 kHz similar to the results reported by Seytmour and Hamann

(1984) when crushing the same brand of potato chips.. They found that most of
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the recorded sound patterns showed frequencies in the range of 1-2 kHz with
another separate peak appearing around 3 kHz.
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FIG. 7. RELATIONSHIP BETWEEN THE AMPUITUDE AND FREQUENCY OF SOUND
SIGNALS FOR PRINGLES POTATO CHIPS AT MOISTURE CONTENT OF 3% dB:;
(A) SOUND SIGNAL IN FREQUENCY BANDWIDTH RANGE OF 1-7 kHz AND
(B) DATA BINS EXTRACTED FROM THE ORIGINAL SOUND SIGNAL AT

. . THE FREQUENCY INTERVALS OF 69 Hz :

NN Models for Estimating Moisture Content of Suack Foods

A BPNN architecture with three hidden slabs was trained with 102 inputs
of acoustic signal amplitudes for estimating the moisture content of each snack

. product. Figure 8 shows the sequential comparison plots of the predicted and

experimental values of the moisture content. These results indicated that the NNs
had the capability to generalize the complex acoustic patterns and could prove
to be useful in monitoring the texture of snack foods. In general, the BPNN
model predicted the moisture content of Munchy crackers with highest accuracy
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R® = 0.85; TEST SET DATA R} = 0.71), (B) PAPRIKA EXTRUDED SNACK (TRAINING

DATA SET R' = 0.90, TEST DATA R = 0.42) AND (C) MUNCH CRACKERS (TRAINING
DATA SET R? = 0.97, TEST DATA R} = 0.84)
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bothmtraxmngandtestdatasets Ageneral compansonofexpenmcmal and
predicted moisture content is shown in Fig. 9 for different snack products.

These plots indicated the tendency of the NN models for over prediction in low -

moisture content range and for under prediction in the high moisture content
range. Similar trends have been reported to occur in the development of NN
models because of the setting of the active ranges of the scaling function applied

"to the input data (Altendorf ef al. 1999; Liu and Tan 1999). The type of the

snack also appeared to influence the accuracy of the network predictions because
of the degree of variation in the sound signals of each snack food. Among the
three snack foods, the NN model predictions for Munchy crackers were the best
due to its regular shape, consxdetable ﬂnclmss and less variations in the
acoustic sxgnals

NNModelsforClassifyingthe&mckFoodsBasedonCﬁspnesGrﬁdes

Analysis of variance of sensory crispness scores indicated that significant
differences existed among the groups of snack samples with different moisture
contents. Accordingly, it was possible to classify the snack food samples into

quahtygradesdmgnated as “extremely”, “highly”, “moderately” and
“slightly” crispy based on the seasory evaluations of the crispness. The ranges
ofsensorycnspnasscomandeompondmgmoxsmmcomems for each type
of snack sample are shown in Table 1.

- The BPNN and a probabilistic neural network (PNN) were trained for the
classification purpose. In the case of BPNN, the predicted values of moisture
content for each snack sample were used for estimating the corresponding
sensory scores from the experimental relationships and subsequent grouping into
four categories, A PNN was developed separately for each snack type using

coded outputs for the four quality grades. A genetic adaptive algorithm was used -
to find the suitable smoothing factors of 0.957, 0.752 and 0.755 for Pringles .
. potato chips, Paprika extruded snack and Munchy crackers, respectively, for the .

developed PNN muodels. The comparative performance of the BPNN and PNN
based classifiers is presented in Table 2 for the grading of each snack product.
PNN classifiers performed better than the BPNN for all three types of snack
samples. The improvement in prediction accuracy was about 25%, 15% and
10% for Paprika extruded snack, Pringles potato chips and Munchy crackers,
respectively. The PNNs are considered more suitable for the classification tasks,
but the BPNNs generally perform better when continuous output is desired

"(Ward System Group 1995). Even though the PNN classifiers shawed a higher
prediction accuracy than the BPNN, the implementation with PNN may be

somewhat tedious due to their long training periods as compared to the BPNN.

el
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: . TABLE 1.
CIASSIF!CATION OF SNACK SAMPLES BASED ON SENSORY CRISPNESS .
AND MOISTURB CONTENT -
Quality grade  Sensory crispness Moistuse content (% db)
. scores Pringles Paprika Munchy
. potato chips *_extruded snack __cracl
Extremely crispy >6 <318 <3N <5.)
Highly crispy . 4.6 18-50 . -38-53 5.3-66
Moderately crispy 2-4 5.0-63 53-67 66-19
_Slightly crispy <2 >634 >6.73 >79
TABLE 2.

PERFORMANCE COMPARISON OF BPNN AND PNN MODELS FOR THE
CLASSIFICATION OF SNACK FOOD PRODUCTS INTO DIFFERENT

. CRISPNESS GRADES
Grade Actual _Estimated number based on Classiﬁcation accuracy (%)
numbes BPNN PNN PNN
Pringles potato chips :
Extremely crispy 9 20 9 - 9.0 100
Highly crispy 23 .20 5 913 100
Moderately crispy ] 31 32 91.2 94.
Slightly crispy 96 80 95 833 90
Paprika extruded srack ’ ]
Extremely crispy . 63 53 60 843 95.2
Highly crispy 20 1 17 $50° 85.0
Modecratcly crispy 75 33 3 490 970
Slightly crispy 75 0 75 920 98.7
Munchy cracker :
Extremely crispy 36 34 36 944 100
Highly crispy 56 48 56 8s.7 100
. Moderately crispy 50 45 47 90.0 94.0
__Slighty erispy 21 19 21 50.5 100
CONCLUSIONS

This study aimed at evaluating the crispness of selected snack foods based

on acoustic testing. The semsory crispness and moisture content of smack
products: Pringles potato chips, Paprika extruded snack and Munchy crackers
were highly correlated with R? of about 0.93 and higher, showing inverse linear
- relationships in the narrow range of moisture content. The snack foods exhibited
characteristic acoustic patterns upon crushing with uncven and irregular
.amplitude-time relationships for overall duration less than 100 ms depending
- upon their physical propems and possible variations in manual operation. The
analysis of acoustic signals in frequency domain based on the averaging of the
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amplitudes either in a fixed range of frequencies for individual patterns or at
frequencies selected at the fixed intervals for several pattemns did not prove
useful for assessing the crispness of snack foods. The frequency domain spectra
of sound produced by the crushing of snack foods could be used for training the
NNs for quality evaluation. Both BPNN and PNN models showed good
performance in classifying the snack foods into four grades of sensory crispness
when the amplitudes of sound signals in 0-7 kHz frequeacy range at the intervals
of about 69 Hz comprised 102 inputs for training the networks. The prediction
accuracy of PNN models ranged approximately from 96 to 98% and was higher
than the accuracy of BPNN models by sbout 10 to 25%. The developed

_ methodology provided a reliable means of analyzing the food crushing sound for

predicting the crispness.
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The applicant may also obtain a paper copy of the published international application from the International Bureau by sending an e-mail 10 |
pateniscope @wipo.int or by submilting a written request to the contact details provided below. .

The International Bureau of WIPO
34, chemin des Colombettes
121! Geneva 20. Switzerland

Facsimile No. +41 223388270

Authorized officer

¢-mail: ro.ib@wipo.int

Cecile Chatel

Form PCT/IB/311 (January 2009)
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Indicacion que se solicita una patente. ' ' T
Datos de identificacion del solicitante o de la persona que presenta la solicitud

Descripcién de la invencién

Dibujos de ser estos pertinentes

Comprobante de pago de las tasas establecidas (De ser el caso formato de descuento)

Completa D Incompleta D

PATENTE DE INVENCION PCT IZ MODELO DE UTILIDAD PCT E:l Art.33 Decision 486/00, Circular Unica

XKl M X

Indicacién que se solicita una PCT .

Copia de la solicitud en espaiiol, tal como fue presentada inicialmente (capitulo descriptivo,
reivindicatorio, resumen)

Dibujos de ser estos pertinentes

Comprobante de pago de las tasas establecidas (de ser el caso formato de descuento)

Completa N | Incompleta [:'
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Indicacion que se solicita Disefio industrial A
Datos de i'dentiﬂcacién del solicitante o de la persona que presenta la solicitud
Representacion grafica y fotografica del Disefio industrial o muestra def material que incorpora el

disefio

Comprobanté de pago de las tasas establecidas

Completa D | ' Incompleta D
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Indicacidn que se solicita un esquem'a de trazado
Datos de identificacion del solicitante o de la persona que presenta la solicitud
Representacion grafica de un esquema de trazado

Comprobante de pago de las tasas establecidas

Completa D Incompleta D




o $.
= Industria y Comercio
SUPERINTENDENCIA

*w
LD o

Bogota D.C.,
2020

Doctor(a)

RODRIGUEZ D* ALEMAN DILIA MARIA

Apoderado(a) y/o Representante de

CORPORATIVO INTERNACIONAL MEXICANO, S. DER.L. DE C.V.

REFERENCIA Radicacion No. 10 053449
Solicitud internacional PCT/IB2008/002933
Fecha inicio fase nacional 31/05/2010

Tramite 11
Evento 379
Actuacion 430

Oficio No. : 97.1 2—94

=)

Como resultado de! examen de forma, realizado con fundamento en el articulo 38 de la Decision 486 de la
Comision de la Comunidad Andina, articulo 27 del Tratado de Cooperacion en Materia de Patentes (PCT), regla
51 bis del Reglamento y Circular Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene el poder debidamente otorgado, con el lleno de los requisitos exigidos por los articulos
63 y subsiguientes del Codigo de Procedimiento Civil. Adicionalmente, debera presentar el documento que
acredita la existencia y representacion legal de la sociedad solicitante, cuando ésta fuere persona juridica.

2. El solicitante debe presentar un nuevo titulo que permita identificar la materia de la cual trata la solicitud, ya
que el titulo relacionado no se encuentra con la precision necesaria para identificar claramente el objeto de la
solicitud de patente. (Regla 4.3 PCT, Art 26-27 D-486, Circular Unica 5.2.9)

3. La solicitud no contiene la copia del documento en que consta la cesion del derecho a la patente del inventor al
solicitante o a su causante, conforme a lo establecido por el articulo 26 literal k) de la Decision 486 de la
Comision de la Comunidad Andina. Cuando se trate de documentos otorgados en el extranjero, estos deberan
legalizarse de conformidad con lo dispuesto por los articulos 259 y 260 del Cédigo de Procedimiento Civil.
Cuando se trate de las declaraciones a que hace referencia la Regla 4.17 ii) del Tratado de Cooperacion en
Materia de Patentes PCT., el alcance de las tales declaraciones se determinara segun indiquen claramente una
cesion de derechos del inventor al solicitante o su causante, de conformidad con lo dispuesto en el numeral
5.2.15 del Capitulo Quinto, Titulo X de la Circular Unica de Superintendencia de Industria y Comercio.

En cumplimiento de lo dispuesto por el articulo 39 de la Decision 486, se le requiere para que dentro del término
de dos meses siguientes a la fecha de notificacion del presente oficio, complete los requisitos anteriormente
enunciados. En caso de no dar cumplimiento al presente requerimiento, la solicitud se considerara abandonada y
perdera su prelacion.

Continua en la pagina siguiente...

Al contestar favor indique el numero de Sede Centro: Carrera 13 No. 27-00 Pisos 2, 5, 7 y 10 PBX: 5870000
radicacion que se encuentra a continuacion . Sede CAN: Av. Cra 50 No. 26-55 int. 2 Tel: 5880070
Call Center 6513240. Linea 01800-910165
Web: www.sic.gov.co e-mail: info@sic.aov.co
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Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ), del capitulo quinto del titulo
primero de 1a Circular Unica No, 001. ’

ALIX CARME CESPEDES DE VERGEL
Directora de Muevas Creaciones (c)

94 . 200

El anterior requerimiento fue notificado por fijacion en lista de fecha
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