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SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO
Ciudad
REFERENCIA: Expediente No. 13 — 158.420
TiTULO: “MASA DE CHOCOLATE”
SOLICITANTE: MD&D ALLIANCE GMBH
TRAMITE: Respuesta a Concepto Técnico notificado mediante Oficio No.

11.536 del 16 de septiembre de 2014.

JAIME EDUARDO DELGADO VILLEGAS, en mi condicién de apoderado de la
sociedad MD&D ALLIANCE GMBH dentro del término legal, presento respuesta a
Concepto Técnico notificado mediante Oficio No. 11.536 del 16 de septiembre de 2014.

1.  REIVINDICACIONES RELATIVAS A UN USO O A UN SEGUNDO USO (ART 14 Y
21 D 486)

El Examinador Técnico manifiesta:

“El uso de las reivindicaciones 12 y 14 no es patentable de acuerdo con el art
14, puesto que menciona el uso de la masa de chocolate”.

R/: Nuestro poderdante DESISTE de las Reivindicaciones 12 y 14 de acuerdo a
lo expresado por el Examinador Técnico de Patentes y a las exigencias del
Art 20 de la Decision 486 de la Comisién de la Comunidad Andina.

2. DE LA SOLICITUD DE PATENTE.
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Titulo

El Examinador Técnico de Patentes objeto el Titulo de la invencién porque:

“El titulo no corresponde con el objeto de la solicitud porque la expresién
‘masa de chocolate” es muy general puesto que muchos tipos de compuestos
pueden hacer parte de este, por lo tanto se debe especificar dichos
compuestos mencionando el componente principal o los azucares que lo
forman, por lo cual se sugiere al Solicitante hacer la correccién necesaria”.

R/: Nuestro poderdante de acuerdo con la opinién del Examinador Técnico de

Patentes, modifico el titulo de la invencién como sigue:

NUEVO TITULO: "MASA DE CHOCOLATE CON UN CONTENIDO DE
MASA DE CACAO Y UN CONTENIDO DE AZUCARES ANADIDOS DE
ISOMALTULOSA Y/O TAGATOSA Y/O TREHALOSA Y/O RIBOSA"

Reivindicaciones (Art. 30 D 486, Art. 22 PCT)

El Examinador Técnico de Patentes objeto el Capitulo Reivindicatorio porque:

“El capitulo reivindicatorio no se encuentra debidamente sustentado, lo cual se
corrobora con las realizaciones preferidas donde claramente se mencionan los
componentes y proporciones de la masa de chocolate, tal como se evidencia
en la tabla 1, que muestra los componentes y proporciones de interés de la
masa de chocolate y en la tabla 2, los componentes y proporciones de interés
de los productos de chocolate.”.

“El solicitante debe definir especificamente la materia y el alcance de la
invencion a través de las caracteristicas técnicas esenciales que se
encuentren enteramente soportadas en la descripcién”.

“La reivindicacién 1 no es clara porque:

- no es claro cuéantos y cuéles son los componentes de la masa de
chocolate, el hecho de la palabra y/o los hace opcionales, entonces se
debe aclarar cudles son los componentes de interés y la propormén en que
deben ir, es decir menCIOnar el porcentaje de cada uno.”.
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- la expresién “procedente de fuentes naturales” no es una caracteristica
esencial que no define nada puesto que es ambigua y no se sabe a qué
fuentes especificas se hace referencia...”

- no es claro la presencia de la galactosa porque se menciona que puede
estar presente de la lactosa o no, se debe ser claro si la masa contiene
galactosa sola o producto de la hidrolisis de la lactosa y para obtener de
alli galactosa se requiere una enzima y esto no se menciona en las
reivindicaciones...”.

- porque menciona el indice glucémico que debe tener la masa de
chocolate y los azucares presentes lo que es un resultado a alcanzar, que
no definen la masa de chocolate porque la invencién no queda definida
por el resultado a alcanzar, puesto que la reivindicacion incluiria no sélo la
solucion propuesta por el solicitante, sino todas las alternativas presentes
o futuras que lleguen a ese resultado.” -

“Las reivindicaciones 1y 2 no son claras porque las expresiones “mayor que
una fraccion...”, “mayor que el contenido...”, “menor que el contenido...”
precediendo una caracteristica son imprecisas, por lo cual no permite
distinguir la invencion del estado de la técnica. Se sugiere sustituirlas por un

término preciso o un rango concreto”.

“La reivindicacién 3 no es clara porque se menciona que la masa de chocolate
ademas contiene stevia, peor no se sabe si se hace referencia a Stevia, el
edulcorante, o a Stevia el género de las plantas faner6gamas”.

‘Las reivindicaciones 2 a 11 no son claras porque mencionan que
adicionalmente la masa de chocolate puede tener determinados ingredientes y
de ser parte fundamental de la masa deben mencionarse en la reivindicacién 1
que es la independiente y contiene todos los componentes principales”,

R/: Nuestro poderdante de acuerdo a lo expresado por el Examinador Técnico de

Patentes, aclaro y modific el capitulo reivindicatorio como sigue:

El Examinador considera que el capitulo reivindicatorio no esta
debidamente sustentado, a lo cual el solicitante discrepa de su opinién
porque el sustento de unas reivindicaciones hay que evaluarlo teniendo en

cuenta no solo los ejemplos, sino el conjunto de toda la informacién técnica
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de la patente y el conocimiento general comin que se le presupone al
técnico versado en la materia.

Asi la Guia de Examen de Patentes de Mayo 2012, en 2.6
Reivindicaciones establece: ElI Examinador debe saber que las
reivindicaciones deben ser claras y concisas y deben estar enteramente
sustentadas por la descripcion.

LLa Guia no se refiere a los ejemplos, sino a toda la descripcién.

Asimismo en las p. 55-56 de la Guia de Examen de Patentes se menciona:
Cuando las reivindicaciones originalmente presentadas no estan
sustentadas en la descripcién porque mencionan caracteristicas que no
estan descritas, el Examinador puede sugerir que se incorporen tal cual a la
descripcidn para dar soporte.

En este caso hacemos notar que la Reivindicacion 1 esta totalmente
sustentada por la descripcion en concreto por el contenido de la pag. 7,
lineas 5 a 20. Igualmente el Examinador podra comprobar que todas las
restantes reivindicaciones encuentran el soporte en la Descripcion.

En 2.6.7 de la Guia de Examen también se dice: Las reivindicaciones son
usualmente generalizaciones del contenido divulgado en la descripcion. La
generalizacion no puede ir mas alla del alcance de ese contenido divulgado
en la descripcion. Una generalizacién es permitida siempre y cuando cubra

todas las variantes, o0 modos especificos divulgados en la descripcion.
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Dicho de otro modo el sustento de las reivindicaciones no ha de buscarse
solo en los Ejemplos sino en toda la divulgacion de la descripcion; es decir,
el soporte no lo confieren los Ejemplos solo, sino toda la Descripcion en su
conjunto, complementada con el conocimiento general de un experto en |a
materia.

A mayor abundamiento sefialamos que la Guia de Examen en 2.6.7.3
Objecion de la falta de soporte establece:

El Examinador debe tener en cuenta todo el contenido de la descripcién, en
el momento de verificar si la invencion reivindicada esta soportada por la
descripcién.

Para concluir la argumentacién con respecto a esta objecion, consideramos
que una objecién de falta de sustento por lo tanto solo deberia “realizarse”
realmente si el Examinador tiene motivos de peso, bien fundamentados, de
que un experto en la materia con toda la informacién de la patente, su
conocimiento general comun de la técnica y la informacion concreta de los
ejemplos considera seriamente que la invencién no seria reproducible en
todo el ambito reivindicado (ver 2.7.2 Suficiencia).

El Examinador sefiala que el solicitante debe definir especificamente la
materia y el alcance de la invencién a través de las caracteristicas

esenciales que se encuentran enteramente soportadas en la descripcion.

En respuesta a esta observacion del Examinador insistimos en que esto es

lo que ha realizado el solicitante, asi la reivindicaciéon 1 esta totalmente
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sustentada por la descripcion en concreto por el contenido de la pag. 7,
lineas § a 20. |gualmente el Examinador podra comprobar que todas las
restantes reivindicaciones encuentran el soporte en la Descripcion. La
reivindicacion 1 estd definida por todas las caracteristicas técnicas
esenciales que resuelven el problema al que se enfrenta la invencién

proporcionando la solucién y el efecto técnico descrito.

En opinién del Examinador la reivindicacion 1 no es clara y solicita que se
incluyan componentes de interés y proporciones de cada uno:

No compartimos esta vision, y en linea con lo recién mencionado,
consideramos que el solicitante ha definido de forma clara y concisa la
materia-objeto que desea proteger, y por tanto el alcance de la
proteccion, que esta definida por las caracteristicas técnicas
esenciales definidas en combinacién en la reivindicacién 1 que constituyen

la solucién al problema técnico enfrentado por la patente.

Hacemos referencia a la Guia de Examen que también establece en 2.6.5.4
Caracteristicas esenciales que:

Las reivindicaciones deben contener todas las caracteristicas técnicas
esenciales de la invencion. Por lo tanto, el Examinador las debe extraer para

efectos del estudio de comparacion con el estado de la técnica.

Asi entonces, las caracteristicas técnicas esenciales son las que definen fa
invencién, las que la hacen (o deberian hacerla) diferente del estado de la
técnica y, por tanto, constituyen la solucién al problema técnico que intenta
resolver la invencion.
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Si una reivindicacion independiente contiene todas las caracteristicas
técnicas esenciales de la invencién, el Examinador no debera requerir que

mencione también otras caracteristicas estructurales.

Por tanto, si las caracteristicas técnicas definidas en la reivindicacién 1
son las esenciales que solucionan el problema técnico al que se enfrenta la
invencion, en linea con las Guia de Examen el Examinador no debe requerir
que se mencionen también otra caracteristicas estructurales que no son
esenciales, sino opcionales.

Es decir, las reivindicaciones principales deben contener las
caracteristicas técnicas esenciales que definen la invencién, pero
caracteristicas técnicas opcionales por ejemplo, que pueden estar presentes
en realizaciones particulares de la invencién pero que no son esenciales
para alcanzar el efecto técnico de la invencion, y solucionar el problema al
que se enfrenta la invencién, no es necesario que aparezcan en la
reivindicacion principal porque limitarian innecesariamente el ambito de
proteccion al que el solicitante tiene derecho.

Asi para solucionar el problema al que se enfrenta la presente invencién
de proporcionar una masa de chocolate que es comparable en términos
de sabor y consistencia a las masas de chocolate conocidas y que
contengan aztcares como un ingrediente, en donde dichos azucares cuando
se consumen causen/produzcan una secrecion de insulina relativamente
baja, sin efectos secundarios indeseables, en particular, que no causen
problemas de indigestion.
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Deseamos recordarle al Examinador, que un producto como en este caso
una “masa de chocolate” de la reivindicacion 1 no tiene por qué
definirse necesariamente por sus componentes concretos y sus
porcentajes (caracteristicas estructurales no esenciales), sino que los
productos también se pueden definir con caracteristicas técnicas como son
“parametros” (ver 2.6.5.9 Definiciébn por parametros) o ‘“caracteristicas
funcionales” (ver pagina 76 de la Guia de Examen) que pueden ser
utilizados para definir un producto en determinados casos en que sea mas
adecuado.

La expresion “procedente de fuentes naturales” es seleccionada por el
solicitante, en el sentido de que la mezcla de tocotrienol-tocoferol
(vitamina E: siendo vitamina E el término para un grupo de tocoferoles y
tocotrienoles, ver Brigelius-Flohé R, Traber MG (1999). "Vitamin E: function
and metabolism". FASEB J. 13 (10): 1145-1155. PMID 10385606)) debe
proceder de fuentes naturales y no tener origen sintético, especialmente
porque hasta la fecha los tocotrienoles no pueden ser en absoluto
obtenidos/sintetizadosde forma quimica. En la descripcidon se indica que es
valida cualquier fuente natural de vitamina E de las bien conocidas para un
experto en la materia, y se'ejempliﬂcan algunas como posibles fuentes de
vitamina E en forma de mezcla de tocotrienol-tocoferol.

Con respecto a la objecion relativa a la presencia de galactosa
sefialamos que la descripcién deja claro que la “galactosa” a la que se
refiere la invencion y se utiliza segun la reivindicacién 1, es el propio

monosacarido libre como tal, pero en ninguna parte de la descripcion, ni

0Q
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explicita ni implicitamente, se menciona que la galactosa que se utiliza
segun la invencion sea un producto de la hidrélisis de lactosa. Lo Unico que
se sefiala como informacién general (pag. 11, I. 5-7) es que los seres
humanos consumen Gal convencionalmente casi exclusivamente en forma
de disacarido lactosa.

Su cantidad en la masa de chocolate esta definida de forma clara para
un experto solo que en lugar de darse un porcentaje concreto (que
limitaria innecesariamente la invencién por ser una caracteristica técnica
estructural no esencial, lo cual no debe de exigir el Examinador) se define de
forma alternativa, a saber, como una fraccion de galactosa de al menos 10%
en relacion con los azucares anadidos, (estando claramente definidos los
azucares afadidos a su vez por el IG (parametro) y porque el término
“azlcar” esta definido en la descripcion, en la pag. 9, |. 5-8. Con respecto a
la definicion de la galactosa, se define también que esta presente en una
fraccion mayor a la fraccion de la lactosa (que a su vez puede estar presente
0 no).

El indice glucémico de la masa de chocolate y de los azlicares es un
parametro (ver 2.6.5.9 Definicion por parametros) que ajusta el fabricante de
dicho chocolate. Este parametro con sus valores constituyen una
caracteristica esencial de la masa de chocolate. Tal ajuste es una medida
clara y absolutamente convencional para un experto en la materia cuando se
sigue una receta alimentaria (similar a un ajuste del contenido calérico/en
julios del producto alimentario). No se trata de un resultado en el sentido a
alcanzar como considera el Examinador en el sentido de que el experto no

sabria como hacerlo. El experto en este campo técnico sabe por su

Miembros ACPI - ASIPI - AIPP!
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conocimiento general como alcanzar y ajustar dicho indice a los valores
definidos. VER ADJUNTO: e.g. Brouns F. et al. (Junio 2005) "Glycaemic index

methodology"; Nutr Res Rev 18 (1) 145-71; doi:10.1079/NRR2005100; PMID 19079901, -
en particular p.146, col. derecha, ultimo parrafo, p. 162, p. 163, col. lzquierda "Conclusion”,
p.165, col. Derecha "Recommendations”.

El experto es capaz de considerar los factores que pueden tener una
influencia en el indice glucémico y tiene el conocimiento general comun para
encontrar/seleccionar las especies de azucar que tienen un indice glucémico
de “menos de 35" cada uno, y de ajustar, sin la necesidad de realizar ningun
esfuerzo inventivo, tanto las especies de azucares seleccionadas, como el
resto de los ingredientes relevantes para alcanzar los valores deseados de
“‘menos de 29" para la suma de azucares afiadidos asi como para la masa
de chocolate en su conjunto.

Las expresiones de las reivindicaciones 1 y 2 objetadas tales como
‘mayor que una fraccién” etc., son en nuestra opinidn expresiones que le
dan al experto en la material una ensefianza técnica clara de su significado y
por tanto del alcance de las mismas. La Guia de Examen en 2.6.5.3

Términos imprecisos o relativos establece lo siguiente:

El Examinador presentara una objecién cuando las reivindicaciones incluyan
términos imprecisos [..].

Por las mismas razones no se admiten términos relativos del tipo “mayor”,

“delgado”, “fuerte, ya que no tienen un significado preciso.

10
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Estas expresiones son relativas, pero en el presente caso son
RELATIVAS a una caracteristica concreta definida, por ejemplo en este
caso la fracciéon de galactosa es “mayor que una fracciéon de lactosa”
significa claramente que la fraccion de Gal es superior a la fraccion de
lactosa que esté presente en la masa de chocolate de la invencion.
Simplemente si de lactosa hay por ejemplo una fraccién de 5, de galactosa
habra una fraccién mayor que podra ser 5,5 0 6, o 7 etc., Por tanto el
experto en la materia entiende claramente estas expresioneé porque se
hacen en referencia a otro elemento técnico bien definido. Con todos los
respectos un ejemplo paralelo sencillo seria: si digo Juan es mayor, no se
conoce su edad; pero si digo Juan es mayor que Ana, y se conoce la edad
de Ana, se entiende la edad que debe tener Juan.

Con respecto a la objecion de que la reivindicacion 3 carece de claridad
porque se menciona que la masa de chocolate puede tener stevia,
sefialamos que a partir de la explicacion de la pagina 16 del texto en
castellano del documento WO02012/092916 queda claro, que el término
“stevia” se refiere a las hojas secas o a los extractos dulces obtenidos
industrialmente de la planta Stevia rebaudiana Bertoni que se usan con
fines edulcorantes (por favor vea 2.6.5.1 Términos utilizados de la Guia de
Examen).

La presencia de stevia en la masa de chocolate de la invencion no es un
elemento esencial para resolver el problema al que se enfrenta la invencion
y conseguir el efecto técnico deseado; se trata de un ingrediente adicional
que puede anadirse a la masa definida en la reivindicacién 1, y como tal no

se incluye en la reivindicacion 1, se incluye en la reivindicacién 3
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dependiente de la 1, que define una realizacién particular més limitada de la
invencion. Aunque ninguno de los ejemplos de recetas (formulaciones)
comprende Stevia, es un ingrediente opcional que puede incorporarse como
una posibilidad ademas de los elementos técnicos esenciales y que esta
divulgado en la Descripcién de la invencion.

Con respecto a la objecion de que las reivindicaciones 2 a 11 no son
claras porque mencionan que adicionalmente la masa de chocolate puede
tener determinados ingrediente queremos sefalar que estas
reivindicaciones 2 a 11 definen la masa de chocolate de la
reivindicacion 1, de la que depende, que ademas contiene componentes
adicionales (no esenciales para resolver el problema al que se enfrenta la

invencién) que corresponden a realizaciones particulares limitadas de la
invencién.

No es una generalizacién especulativa mencionarios todos, son
componentes opcionales habituales en la técnica, perfectamente divulgados
y soportados en la Descripcién, y aptos para incluirlos en la masa de
chocolate de la invencién. Tenga en cuenta el Examinador por favor que la
Guia de Examen dice en 2.6.4.2 Reivindicaciones dependientes lo siguiente:
El Examinador debera tener en cuenta que la dependencia esta dada porque
todas las caracteristicas esenciales de la reivindicacién independiente estan

presentes en la reivindicacion dependiente.

Las caracteristicas esenciales son el conjunto de elementos que soluciona el
problema técnico.
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En consecuencia, una reivindicacion dependiente es la que contiene todas
las caracteristicas de la reivindicacién de la cual depende y ademas: i) hace
referencia a ésta; y ii) adiciona una o mas caracteristicas que limitan el
objeto a proteger.

Objecion por falta de evidencia ,

Con respecto a la objecion de que — por Ultimo no existe evidencia alguna
de las propiedades mejoradas que presenta la masa de chocolate, tales
como los problemas de indigestion, otros problemas de salud y que la masa
de chocolate proporcione dichos valores de indice glucémico, puesto
que no se mencionan pruebas en humanos o ratas que evidencien el efecto

de la masa de chocolate y que se resuelva el problema técnico sefialamos lo
siguiente:

En primer lugar nos referimos a nuestros .argumentos mencionados
anteriormente en cuanto al indice glucémico definido y la exposicién de
la descripcion al respecto.

En segundo lugar, destacamos que la clave de la invencién la constituye
el hecho de que debido a las especies de azlicares mencionadas en la
reivindicacion 1, la nueva masa de chocolate tiene un sabor dulce y una
consistencia comparable a los articulos convencionales de chocolate, pero
ventajosamente en su conjunto la masa presenta un IG inferior a 29 y
por tanto inferior al contenido en azlicares de las masas de chocolates
conocidas hasta la fecha.

13
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Ademas, la nueva masa de chocolate contiene una cantidad importante
de monosacarido galactosa, que al contrario que la lactosa, es digerible

para los humanos con insuficiencia de lactasa.

Es parte del conocimiento general de los expertos en la materia que las
células nerviosas, especialmente las células nerviosas del cerebro son
capaces de satisfacer sus requisitos de glucosa mediante la ingesta o toma
de galactosa - mediante transportadores GIuT-3 y por lo tanto de manera
independiente de la insulina y convertir dicha Galactosa en glucosa.
También es parte del conocimiento general de los expertos en la materia que
las personas con resistencia a la insulina o la enfermedad de Alzheimer y
consecuentemente con un déficit de glucosa en las células nerviosas
dependientes de glucosa, a pesar de tener un alto nivel de azucar en sangre,
deben evitar un elevado alto contenido de glucosa en sangre y al mismo
tiempo deben tener cuidado de que sus células nerviosas tengan un aporte
suficiente de energia.

También forma parte del conocimiento general comun de los expertos que la
gente que sufre de obesidad debe evitar alimentos con un alto indice IG y
particularmente con un alto contenido de glucosa libre para evitar elevados
niveles de glucosa en sangre pero al mismo tiempo deben tener cuidado de
que sus células nerviosas tengan un aporte suficiente de energia, y que lo
mismo aplica a personas sanas que tienen interés en reducir la cantidad de

Glucosa en un dieta diaria sin tener que prescindir del chocolate (dulce).
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Finalmente es parte del conocimiento general comun de los expertos en este
campo que el monosacarido Galactosa, al contrario de la lactosa, es

digerible por humanos que tienen una deficiencia de lactasa.

Frente a estos hechos y antecedentes bien conocidos y reconocidos por los
expertos es obvio para un experto en la materia que la masa de chocolate de
acuerdo con la reivindicacién 1 es un alimento que no soélo esta permitido,
sino también recomendado, para los grupos de pacientes anteriormente
mencionados con el fin de promover su salud como se divulga
detalladamente en la descripcion de la invencion.

Lo mismo se aplica a las personas sanas que tengan interés en reducir la

cantidad de glucosa en su dieta diaria, pero sin renunciar al chocolate
(dulce). ’

Por lo anterior, el solicitante pone a consideracion del Examinador Técnico de
Patentes un NUEVO CAPITULO REIVINDICATORIO, el cual consta de doce (12)
nuevas reivindicaciones en dos folios.

XAMEN DE PATENTABILIDAD (Art 14 D436)

Novedad (art.16 D 486)

El Examinador objeta el Novedad de la invencion para las reivindicaciones 1, 6,
8y 9 con el documento D1 (DE102006014543) y para las reivindicaciones 2 — 5,
15
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7,10 — 11 y 13 con los documentos D2 (WO2010117344) y D3 (US2008260925)
porque:

“(..)

“Es posible concluir que las caracteristicas esenciales de la masa de
chocolate de la reivindicaciéon 1, habian sido divulgadas previamente en D1
porque de acuerdo con la tabla anterior las caracteristicas técnicas de la
invencion descrita en la reivindicaciéon 1 de la presente solicitud ya se
ensefiaban en la anterioridad D1, de tal forma que se concluye que la masa
de chocolate descrita en la reivindicacion 1, ya era conocida en el estado de
la técnica”.

“En consecuencia, la reivindicacion 1 carece de novedad, segun lo divulgado
en el documento D1”.

“Las reivindicaciones dependientes 6, 8 y 9 no mencionan alguna
caracteristica que haga nuevo la masa de chocolate de la reivindicacion 1, por
lo cual se considera que no son nuevas.”.

“..)

“Es posible concluir que las caracteristicas esenciales de la masa de
chocolate de la reivindicacion 2, habian sido divulgadas previamente en D2 o
D3 porque de acuerdo con la tabla anterior las caracteristicas técnicas de la
invencién descrita en la reivindicacion 2 de la presente solicitud ya se
ensefiaban de manera independiente en la anterioridad D2 o D3, de tal forma
que se concluye que la masa de chocolate descrita en la reivindicacion 2, ya
era conocida en el estado de la técnica”.

“En consecuencia, la reivindicacion 2 carece de novedad, segun lo divulgado
de manera independiente en cada uno de los documentos D2 y D3”.

“Las reivindicaciones dependientes 3 — 5, 7, 10 — 11 y 13 no mencionan
alguna caracteristica que haga nuevo la masa de chocolate de la
reivindicacién 1, por lo cual se considera que no son nuevas.”.

16
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Con relacion a las objeciones del Examinador de Patentes respecto a la falta

de Novedad de la.invencion en estudio, el solicitante no esta de acuerdo

por los siguientes motivos:

Con respecto a la objecién de que la Reivindicacién 1 carece de novedad

a la vista del documento D1:

La comparacién de las caracteristicas técnicas esenciales de la masa de

chocolate, de acuerdo con la reivindicacion 1 con las caracteristicas de la

masa de chocolate que se divulga en el documento D1 deberian leerse y

compararse como sigue:

Reivindicaciéon /

Documento D1

Masa de chocolate que comprende:

Masa de chocolate que comprende
(Ejemplo, par. [0060]):

Masa de cacao (contiene manteca de
cacao)

Manteca de cacao

Monosacarido galactosa

En una cantidad de 10 % o més de los
azlcares afiadidos, es decir, del ingrediente
“azlcares per se” y si hay lactosa presente
(como componente de un ingrediente
adicional como por ejemplo, leche en
polvo).cantidad de Gal _cantidad de Lac

iNo!

En su lugar:

Leche deshidratada (lactosa =
Disacarido de glucosa y galactosa , que
necesitan la actividad de la lactosa para
escision en Glu y Gal)

Isomaltulosa y/o tagatosa y/o trehalosa y/o
Ribosa

Isomaltulosa

Aditivo de vitamina E en forma de una
mezcla de tocotrienol-tocoferol: con

Sin aditivos/suplementos de una
mezcla de tocotrienol-tocoferol

Cantidad de tocotrienoles > cantidad de
tocoferoles en la masa de chocolate _

Cantidad de tocotrienol < (1) cantidad de
tocoferol

(debido al contenido naturalmente
presente de tocotrienoles y tocoferoles
en la manteca de cacao)

IG de cada especie de azUcares afadidos:
< 35

IG de la Gnica especie de azucar

afiadido Isomaltulosa:= 32

17
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IG de la suma de especies de aziicares |IG de la suma de especies de azticar
anadidos: <29 anadido: = 32

IG de la masa de chocolate: < 29 IG de la masa de chocolate :> > 29
(entre 32 y 46. Como resuitado del IG de
la Isomaltulosa = 32 y del IG de la
Lactosa = 46

Debido a la galactosa afadida, el indice glucémico de la masa de chocolate
de acuerdo con la Reivindicacion 1 es inferior a la de la masa de chocolate
divulgada en el documento D1.

De acuerdo con la tabla anterior, resulta obvio que todas las caracteristicas
técnicas de la invencion descrita en la Reivindicacion 1 no se encuentran en
las ensefanzas del documento D1.

Como resultado, la masa de chocolate descrita en la Reivindicacion 1

deberia considerarse novedosa con respecto a lo divulgado en el documento
D1.

A partir de las masas de chocolate/producto divulgados en los documentos
D2 y D3 la masa de chocolate, de acuerdo con la Reivindicacion 1
también difiere al menos en sus caracteristicas (a) “monosacarido
galactosa como ingrediente de azucar anadido en una cantidad de 10 % o
mas de la suma de todos los ingredientes de azlcares afnadidos”, (b) “IG de
la suma de especies de azucares anadidos: < 29", (¢) “IG de la masa de

chocolate: < 29", y (d) “cantidad de tocotrienoles > cantidad de tocoferoles”.
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Asi pues, la Reivindicacién 1 también es novedosa con respecto de lo
divulgado tanto en el documento D2 como en el documento D3.

Puesto que la Reivindicacion 1 es novedosa a la vista tanto de los
documentos D1, D2 como de D3. Las Reivindicaciones 2 a 11y 12 (nueva)
son novedosas también, debido a su dependencia explicita de la

Reivindicacion 1.
Actividad inventiva

En las ensefianzas del documento D1, incluso en conjuncion con lo
divulgado en los documentos D2 y D3, no hay nada que induzca a un
experto en la materia a producir una masa de chocolate que tenga un
indice glucémico inferior a 29 y que comprenda monosacarido
galactosa como ingrediente de azticar en una cantidad importante y
una adicion de tocotrienoles y tocoferoles a fin de proporcionar un
sabor dulce al chocolate, que, cuando se consume, no sélo no aumente el
nivel de azucar en sangre sino que al mismo tiempo sirva como fuente de

energia para el cerebro y otras células nerviosas.

Por lo tanto, teniendo en cuenta las ensefianzas de los documento D1, D2,
D3 del estado de la técnica sélos o tomados en combinacidén un experto en
la materia no hubiera llegado razonablemente a la materia objeto de la
Reivindicacion 1y sus reivindicaciones dependientes 2 — 12 en la fecha
de presentacibn de la presente soliciiud de patente de nuestro

poderdante, por lo cual la invenciéon cumple con los requisitos de
NOVEDAD y NIVEL INVENTIVO.
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Finalmente, el solicitante pone a consideracién del Examinador Técnico de Patentes:
Un NUEVO CAPITULO REIVINDICATORIO el cual incluye doce (12) nuevas
reivindicaciones en dos folios; el cual cumple con los requisitos de NOVEDAD,
NIVEL INVENTIVO Y APLICACION INDUSTRIAL exigidos por la Decision 486 del
Acuerdo de la Comision de la Comunidad Andina; ademas, estamos dando respuesta
al Concepto Técnico notificado mediante Oficio No. 11.536 del 16 de septiembre de
2014.

Por lo anteriormente mencionado, solicito respetuosamente se proceda a CONCEDER
la Patente de Invencion titulada: “MASA DE CHOCOLATE CON UN CONTENIDO DE
MASA DE CACAO Y UN CONTENIDO DE AZUCARES ANADIDOS DE
ISOMALTULOSA Y/O TAGATOSA Y/O TREHALOSA Y/O RIBOSA” a nombre de la
sociedad MD&D ALLIANCE GMBH, para las nuevas Reivindicaciones 1 a 12

inclusive.

Atentamente,

C.C. Nq\19.270.955"Bog
T.P. No.\43.308 C.S.J.

Anexos:
Nuevas Reivindicaciones (12) en dos folios.
Glycaemic index methodology en 27 folios.
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NUEVAS REIVINDICACIONES

Una masa de chocolate con un contenido de masa de cacao y un contenido de
azucares anadidos, CARACTERIZADA PORQUE los azucares anadidos tienen
un indice glucémico menor de 35 (IG < 35) en cada caso, y por que el contenido
de azlcares afiadidos en su conjunto y la masa de chocolate en su conjunto
tiene un indice glucémico menor de 29 (IG < 29), y porque los azucares
afnadidos comprenden una fraccion de galactosa que representa al menos el 10
% del contenido de azlcares afadidos en su conjunto y porque e€s mayor que
una fraccion, que puede estar o no presente, de lactosa, y porque los azucares
afadidos comprenden adicionalmente un contenido de isomaltulosa y/o
tagatosa y/o trehalosa y/o ribosa, y porque la masa de chocolate tiene un
contenido de vitamina E en forma de una mezcla de tocotrienol-tocoferol
procedente de fuentes naturales y porque el contenido de tocotrienoles en la

masa de chocolate es mayor que el contenido de tocoferoles.

La masa de chocolate como se reivindica en la reivindicacién 1,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de alcoholes
de azucar, en particular isomaltol y/o maltitol y/o eritritol, siendo el contenido de
alcoholes de azucar menor que el contenido de azicares que son totalmente

digeribles por enzimas humanas.

La masa de chocolate como se reivindica en la reivindicacibn 1 o 2,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de Stevia.

La masa de chocolate como se reivindica en una de las reivindicaciones 1 a 3,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de azlcares

multiples indigeribles, en particular inulina u oligofructosa o almidén resistente.

La masa de chocolate como se reivindica en una de las reivindicaciones 1 a 4,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de acidos

grasos omega-3 y/o triglicéridos de cadena media "(TCM").

La masa de chocolate como se reivindica en una de las reivindicaciones 1 a 5,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de sustancias

vegetales secundarias, que se selecciona del grupo que comprende:

2\



10.

11.

12

glucosinolatos, carotenoides, lectinas, flavonoides, fitoesteroles, polifenoles, en
particular curcumina, acido elagico, quercetina, resveratrol, delfinidina, sulfuro
de dialilo, epigalocatequina-3-galato, genisteina, indol-3-carbinol, isoterpeno,
limoneno, licopeno, OPC, salvestrol, sulforafano y ubiquinona, y que se afiaden
mediante fuentes naturales, tales como semillas, frutos y granos o harinas de

semillas.

La masa de chocolate como se reivindica en una de las reivindicaciones 1 a 6,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de
aromatizantes extraidos con CO,, preferentemente aromatizantes de frambuesa

y/o kiwi y/o escaramujo y/o jengibre.

La masa de chocolate como se reivindica en una de las reivindicaciones 1 a 7,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de

benfotiamina, un derivado de la tiamina (vitamina B1).

La masa de chocolate como se reivindica en una de las reivindicaciones 1 a 8,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de vitamina D.

La masa de chocolate como se reivindica en una de las reivindicaciones 1 a 9,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de carnitina.

La masa de chocolate como se reivindica en una de las reivindicaciones 1 a 10,
CARACTERIZADA PORQUE adicionalmente tiene un contenido de creatina.

Articulos de chocolate formados a partir de una masa de chocolate como se
reivindica en una de las reivindicaciones 1 a 11, CARACTERIZADOS PORQUE
la masa de chocolate se combina con un extruido alimenticio que no contiene
gluten y que tiene un contenido de proteina de al menos el 30 % en peso-peso
y un contenido de hidratos de carbono de a lo sumo el 40 % en peso-peso,
siendo el contenido de hidratos de carbono en forma de almidén que contiene
amilosa de al menos el 20 % en peso-peso y que contiene al menos el 2 % de

harinas de semillas y/o granos que son ricos en sustancias vegetales
secundarias.
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The glycaemic index (GI) concept was originally introduced to classify different sources of
carbohydrate (CHO)-rich foods, usually having an energy content of >80 % from CHO, to their
effect on post-meal glycaemia. It was assumed to apply to foods that primarily deliver available
CHO, causing hyperglycaemia. Low-GI foods were classified as being digested and absorbed
slowly and high-GI foods as being rapidly digested and absorbed, resulting in different glycaemic
responses. Low-GI foods were found to induce benefits on certain risk factors for CVD and
diabetes. Accordingly it has been proposed that GI classification of foods and drinks could be
useful to help consumers make ‘healthy food choices’ within specific food groups. Classification
of foods according to their impact on blood glucose responses requires a standardised way of
measuring such responses. The present review discusses the most relevant methodological
considerations and highlights specific recommendations regarding number of subjects, sex,
subject status, inclusion and exclusion criteria, pre-test conditions, CHO test dose, blood
sampling procedures, sampling times, test randomisation and calculation of glycaemic response
area under the curve. All together, these technical recommendations will help to implement or
reinforce measurement of GI in laboratories and help to ensure quality of results. Since there is
current international interest in alternative ways of expressing glycaemic responses to foods,
some of these methods are discussed.

Glycaemic index: Carbohydrates: Blood glucose response: Classification of foods:
Glycaemic response: Glycaemic load

Introduction response. This relationship between the rate of digestion and

absorption and glycaemic response is also shown using
various in vitro digestion models that mimic the in vivo
situation. A very high correlation exists between the rate of
in vitro glucose release from starchy foods, using pancreatic
and brush-border enzymes, and the glycaemic response
in vivo (Granfeldt et al. 2005; Englyst ef al. 2003). Recently

The glycaemic index (GI) concept was originally introduced
as a means of classifying different sources of carbohydrate
(CHO) and CHO-rich foods in the diet, according to their
effect on postprandial glycaemia (Jenkins et al. 1981). It
was assumed to apply to foods that primarily deliver
available CHO such as potatoes, rice, cereals, etc. usually

having an energy content of >80 % from CHO. The usual
50g CHO test load has traditionally referred to available
CHO providing sugars for absorption from the small
intestine at a certain rate. As such, low-GI CHO -were
classified as those that are digested and absorbed slowly and
lead to a low glycaemic response, whereas high-GI CHO are
rapidly digested and absorbed and show a high glycaemic

various food factors that may influence in vivo absorption
and to a certain degree affect the outcome of GI values
were summarised by Arvidsson-Lenner et al. 2004 (see
Table 1).

The rate of glucose entry into blood and the duration of
the elevated blood glucose is known to induce many
hormonal and metabolic changes that may affect health and

Abbreviations: AUC, area under the curve; CHO, carbohydrate; GGE, glycaemic glucose equivalent; GI, glycaemic index; GL, glycaemic
load; RGE, relative glycaemic effect; RGR, relative glycaemic response; RS, resistant starch,
* Corresponding author: Dr Fred Brouns, fax +32 2 2570740, email m.brouns@hb.unimaas.nl
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Table 1. Food factors affecting the glycaemic response of foods and meals (adapted from Arvidsson-Lenner et al. 2004)

Food factor Examples of influencing factors

Effect on glycaemic response and glycaemic index

Gross matrix structure

Cell-wall and starch structure

Granular starch structure

Amylose and amylopectin
content

Grinding
Degree of ripening
Heat treatment

rapidly digestible than amylose

Gelling dietary fibre content Added gelling fibres

Organic acids, e.g. acetic acid Added acids

Amylase inhibitor Added

Monosaccharide composition

Molecular composition of
carbohydrate

Type of raw material
Type of monosaccharide

bonds in carbohydrate molecule

Resistant starch content Heating-cooling cycles

Amylopectin is branched and more

Type of added sugars, e.g. glucose:fructose ratio

Higher when homogenised

Higher with ripening

Higher when gelatinised

Lower with higher amylose content

Higher with increased amylopectin content

Reduced

Reduced

Reduced

Reduced with increased fructose content

Reduced with increased number of bonds other
than a1-4 and a1-6

Indifferent when testing equal amounts of available
carbohydrate

disease parameters. In this respect, low-GI foods were often
found to induce benefits on risk factors for certain chronic
diseases. Because of these observations it was proposed that
GI data for foods could be used to make priorities for food
selection within food groups.

Meanwhile, many studies have examined the short-term
biological and health effects of foods, meals and diets of
varying GI (Jenkins et al. 1987; Brand-Miller, 1994;
Wolever & Bolognesi, 1996a; Jirvi et al. 1999; Kaplan et al.
2000; Foster-Powell er al. 2002; Benton et al. 2003;
Wolever & Mehling, 2003). More recently, intervention
studies were developed (Brand ef al. 1991; Frost ez al. 1994,
1998: Giacco et al. 2000; Gilbertson et al. 2001; Wolever &
Mehling, 2002; Bouché et al. 2002; Rizkalla et al. 2004) and
some epidemiological studies based on prospective cohorts
have provided new conclusions about the possible
implications of Gl on health; for example, diabetes
(Salmeron et al. 1997a,b, Meyer et al. 2000), CVD (Frost
et al. 1999; Liu et al. 2000, 2001; van Dam et al. 2000) and
cancer (Slattery et al. 1997; Augustin et al. 2001, 2003;
Franceschi et al. 2001, Jenkins & Franceschi, 2001). GI may
also have relevance for sports performance (Thomas et al.
1991), appetite control (Holt et al. 1996) and cognitive
performance (Benton et al. 2003), whereas its role for
obesity has recently been debated (Pawlak er al. 2002;
Raben, 2002).

Recently Livesey (2002) addressed the effects of low- and
high-glycaemic meals and diets on health and disease-related
parameters. Based on recent observations it is expected that
reductions in daily glycaemic load (GL) may lead to a
reduced risk for developing diabetes and CVD. For example,
Salmeron (1997a,b) showed that the GL of the daily diet
correlates with the risk of developing diabetes in women but
not in men. Brand-Miller et al. (2003a) observed a clinically
significant decrease of protein glycation with a reduction of
GL of the diet. Such observations encompass the potential to
reduce the glycaemic response to foods by such means as the
substitution of available CHO with indigestible or non-
available CHO or with protein and/or fat. In contrast, in the
Framingham Offspring Cohort it was recently demonstrated
that whole-grain intake is inversely associated with
homeostasis model assessment of relative insulin resistance
(HOMA-IR), and a lower prevalence of the dysmetabolic
syndrome, whereas dietary GI, but not GL, is positively

associated with HOMA-IR and the prevalence of the
dysmetabolic syndrome (McKeown et al. 2004). According
to Brand-Miller (2004), the quality of CHO (i.e. GI) more
often shows a significant association with disease risk
(diabetes, CVD, cancer) than does the CHO content or GL of
the diet, Very recently, several other papers and reviews
addressed the impact of GI and GL on health aspects (Tavani
et al. 2003; Frost et al. 2004; Kelly et al. 2004; Opperman
et al. 2004). No benefits occurred in the Frost study, but
according to the authors it cannot be excluded that potential
effects may have been concealed due to drug therapy. In the
Tavani study, a higher GI slightly increased risk for acute
myocardial infarction but only in elderly individuals (more
than 60 years) in association with overweight. On the other
hand, the meta-analysis by Opperman et al. (2004) supports
the value of low-GI foods to lower total cholesterol and
improve metabolic control of diabetes. The benefits in the
Kelly study were modest, and appeared mainly on total
cholesterol and glycated haemoglobin. Based on the
publications listed above there is accumulating evidence
(Brand-Miller, 2004) that diets containing a preponderance
of foods that elicit low glycaemic responses (‘low-GI
foods or diets’), as originally defined by Jenkins et al. (1981)
induce modest to clinically important benefits in the
intermediate term as shown by intervention studies, and
from epidemiological studies of health benefits in the longer
(6-10 year) term.

Various authors studied the impact of variations in some
methodology-related variables on the obtained GI value.
This has led to review papers (Wolever, 1990a; Wolever
et al. 1991), which discussed the influence of methodologi-
cal variation and provided several recommendations for GI
measurement. More recently the methodology of measuring
GI was discussed by an expert panel, as part of a global
discussion on the role of dietary CHO in nutrition (Food and
Agriculture Organization, 1998). This panel agreed on a
reference methodology and provided guidelines for
measurement in future GI testing. In line with this
development, there is an increasing number of foods
which have been characterised regarding glycaemic
response as attested by the last version of the international
table of GI (Foster-Powell er al. 2002). Increasing
information is also at hand regarding the food mechanisms
responsible for differences in GI between foods and
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modulation of GI of foods (Bjorck et al. 2000; Augustin
et al. 2002; Bjorck & Elmstahl, 2003).

There is also a growing interest in GI from research,
public health and industrial bodies. Recently, the FAO and
WHO recommended that the bulk of CHO should be of low
GI and rich in NSP (Food and Agriculture Organization,
1998) In several countries (Australia, France, Sweden,
Canada and South Africa), the use of the GI concept has
been integrated in dietary guidelines given by health
professionals, and an increasing number of food companies
market low-GI products. In line with these developments
there is an increasing interest in the measurement of
glycaemic response and GI of foods by a large number of
academic and commercial laboratories, for both research
and commercial application purposes.

The glycaemic index concept, as any concept, has ‘pros’
and ‘cons’

Recently there has been debate on the accuracy of some
aspects of the method for the measurement of GI. This was
summarised by Pi-Sunyer (2002) and Monro (2003). In
addition, there are other ways of describing glycaemic
responses of foods or drinks of mixed macronutrient
composition, such as the glycaemic glucose equivalent
(GGE; Monro, 2002, 2003), which ultimately is an index
that arguably more closely represents food portion sizes, and
GL (GL refers to the product of the amount of available
CHO in a certain amount of food and its GI, divided by 100;
Liu et al. 2003). These enable an index of glycaemic effects
to be assigned to all types of food.

Another issue relates to CHO types (Asp, 1995) and
analytical methods. According to the current physiological
definition of dietary fibre (Champ et al. 2003), all
indigestible CHO are considered to be dietary fibre; thus
also resistant starch (RS), non-digestible oligosaccharides
and sugar alcohols (polyols). Yet the classical method of
measuring dietary fibre did not measure these CHO
appropriately, leading to an underestimation of the true
content of unavailable CHO in foods and diets. The question
‘has this influenced the presently published GI values of
foods’ (Foster-Powell et al. 2002) is valid in this respect. It
should be noted, though, that the majority of commercial
foods included in the international GI tables contain low
levels of these sources of indigestible CHO.

Thus, it is acknowledged in this respect that it is
impossible to answer all questions, as the required data are
not always available. It is also acknowledged that alternative
concepts of communicating the glycaemic responses to
foods and mixed meals might be more appropriate to inform
healthy consumers as well as patients, including diabetics,
about the health impacts of this aspect of their diets. In all
cases, however, long-term studies (and none less than 8
weeks) are needed to establish the extent, nature and
circumstances of health benefits, this including studies on
GI. The current intensified interest in glycaemic response
will undoubtedly lead to further progress of refining or
extending the current methods as well as of defining the best
measure for clinical and epidemiological research.

Since there are differing opinions on various aspects of
measuring glycaemic response to foods and drinks and the

possible use of a descriptive value to support well-informed
food and drink choices, there is a need for consensus on the
methodology of measuring glycaemic responses and
converting the results to comparative values (Arvidsson-
Lenner et al. 2004; Laville, 2004). Therefore, in the present
paper we aim at discussing frequently asked questions on
how to measure a glycaemic response and calculate a GI
value according to the classical GI method appropriately.
We provide information about the scientific backgrounds,
the methodological steps to be preferred, and comment on
how deviations can be accepted without detrimental effect
to the results. We describe key criteria related to choice of
an appropriate control, number of subjects, the importance
of comparing equal amounts of available CHO and how to
deal with determination and description of these. We also
give recommendations for future research and further
developments related to measuring the glycaemic response
to foods and drinks in our daily diet and its possible impact
on health and disease.

Questions on methodological aspects of glycaemic index
Subject number

How many subjects should be enrolled?

Scientific background. As in all studies, the number of
subjects enrolled determines, in part, the width of the CI for
the estimates obtained, and the power of the study to detect
differences in GI. Using more subjects provides better
power and more precise results, but at a higher cost. The CI
and experimental power of a study depend upon the number
of subjects studied and the variability of the endpoint
measured. A recent interlaboratory study (Wolever et al.
2003), in which GI values of five foods were determined in
forty-seven subjects, provided a reasonable estimate of the
inherent variability of results from GI determinations. The
sD of GI values were linearly related to their means (Fig. 1).
Thus, the width of the CI and power analysis for GI values
depends not only on the number of subjects but also on the
mean GI. Fig. 2 shows half-widths (or margins of error) of
95% CI by number of subjects and mean GI in healthy
individuals for GI values based on glucose (i.e. the GI
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Fig. 1. Relationship between mean glycaemic index (Gi) and so of GI
values of five foods determined in forty-seven subjects (Gl of
glucose = 100) (from Wolever et al. 2003).
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Fig. 2. Estimated margins of error for 95% Cl of glycaemic
index (G!) values by number of subjects and mean Gi (Gl of
glucose = 100). (-), Gl = 100; (- - -), Gl = 80; (—-), Gl = 60; (-—-—- ),
Gl = 40; (-- --), Gl = 20. :

of glucose = 100). Fig. 3 shows the difference in GI that can
be detected with 80 % power at a level of P < 0-05 (two-
tailed) by number of subjects and mean GI. It can be seen
that use of ten subjects provides useful results; large
improvements in power and precision would require two to
three times more subjects.

To further examine this question, a simulation analysis
was carried out to examine the effect of sample size on the
variability of the precision of estimates of the mean GI. The
simulation used data from the thirty-seven subjects from
whom capillary blood was taken and who performed exactly
three repeats of the reference food glucose (Wolever et al.
2003). For each of the five foods (instant potato, bread, rice,
spaghetti and barley), 1000 bootstrap samples of sizes eight,
ten, twelve, twenty and thirty-seven (twenty-seven for
bread, excluding ten subjects who tested bread repeatedly)
~ were taken from the individual GI values and the
corresponding mean and 95 % CI for the margin of error
was calculated for each bootstrap sample (Fig. 4). As can be
seen from Fig. 4, the width of 95 % CI, which is an estimate
of the precision of the estimated margin of error, decreases
with sample size and can vary widely in small sample sizes.

Recommendation. The inclusion of ten subjects provides a
reasonable degree of power and precision for most purposes
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Fig. 3. Estimated difference in glycaemic index (Gl) that can be

detected with 80% power with two-tailed P<0-05 by number of
subjects and mean GI (GI of glucose = 100). (-), Gl = 100; (---),
Gl = 80; (—-), G = 60; (-—-~), Gl = 40; (- -—- -}, Gl = 20.

of measuring GI. The number of subjects can be increased if
the aim of the study is to detect small differences in GI or
when greater precision is required.

Test number

How many times should the test be replicated for the
standard and test foods?

Scientific background. In determining theé GI of a series of
test foods, the area under the curve (AUC) of the reference
food is used as the denominator of every other test food.
Precision will be improved if the measurements on the test
food and the reference food are repeated among individuals.
However, repeating all measurements adds undesirable
expense.

Variation in the response to the reference food has greater
effect on the results than the corresponding variation in the
test foods, because the former is used to calculate the GI
value of every test food in the series. Thus, the focus of this
discussion will be how many times the reference food trials
should be repeated. It is desirable to obtain as representative
a value for the AUC for the reference food for each subject
as possible. This can be achieved in practice by using the
mean value of several trials of the reference food. The
average of three trials of the reference food has been shown
to reduce the variation of mean GI values (Wolever et al.
1991, 2002). The suggestion to use three repeated trials, as
opposed to some other number, was based on a relatively
small number of clinical observations. Although not enough
real data exist to determine exactly how many repeats of the
reference food should be done, both a simulation study and a
theoretical argument presented later indicate that two or
three measurements are appropriate.

From a theoretical perspective, we are interested in
examining how the precision of a ratio of two measurements
can be improved by replacing the denominator by the mean
of several measurements. Using a linear approximation
from a Taylor Series’ expansion, an approximate expression
for the variance of Y/X is:

“_2Y<§+221~2pi’£ﬂ>
mx py)’

AV

where uy and pyare the means of Yand X, oy and oy are their
standard deviations, and p s the correlation between Yand X.
We will assume that the CV (o/u) are constant and the same
for both Yand X. We will denote this CV by ». Replacing X by
the mean of k measurements reduces its sb to oy /vk and as a
result the sD of the ratio Y/X is approximately:

,u,_z, o? (1 + I ﬁ) ,

Ky ko Vi
where p;. is the correlation between Y and the mean of the k
values of X. It should be noted that as k increases, so will the
correlation p;. Our goal is to minimise the SD of the ratio. For
the interlaboratory study (Wolever et al. 2003), correlations
between test food and reference food AUC measurements
were typically 0-6 to 0-7. As an approximation, if we fix p; at
0-6, the ratio sp is minimised for k = 2:78 and for p;, = 0-7,
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Fig. 4. Bootstrap estimates (—e—) and 95% CI (- - -e- - -} for the margins of error of 95 % CI for mean glycaemic index (Gl) for five foods (potato (a),
bread (b), rice (c), spaghetti (d), barley (e)) for different numbers of subjects (Gl of glucose = 100).

the sp is minimised for k = 2.06, i.e., a minimum of two
reference food measurements should be taken and three
measurements is appropriate when the correlation in AUC
measurements between the reference and test foods is more
moderate.

In order to get a further indication of the effect of the
number of reference food measurements on the precision of
the resulting estimates of GI, a simulation study was carried
out based on the data of Wolever et al. (2003). The CV of
glucose AUC values was assumed to be constant over all
subjects, and taken to be the pooled value of CV for all
thirty-seven subjects for whom there existed exactly three
repeated trials of oral glucose (reference food) and from
whom capillary blood was taken. This pooled CV was
27-9%. For each subject, a number of AUC values were
simulated from a normal distribution whose mean was the
mean AUC elicited by oral glucose (reference food) for that
subject and whose CV was the pooled estimate. The
observed AUC values for five foods (instant potato, bread,
rice, spaghetti and barley) were divided by the mean of the
simulated responses to the reference food to give the GI.
Based on the resulting GI, the margin of error (the half-
width) for a 95 % CI was calculated. The analysis was run
using one or the average of two, three, four, five, ten and 100
simulated repeated values of the reference food. The results
are shown in Fig. 5. The margin of error of the estimate of
mean GI decreased substantially from one to two reference
measurements. There was virtually no benefit to be gained
from taking more than three to four measurements of the
reference food AUC. The decrease in the margin of error
from one to two reference foods is statistically significant;
there are no statistically significant differences among the
margins of error for any other number of reference food
measurements,

Recommendation. 'We recommend repeating the trials of
the reference food at least once, to obtain at least two values,
in each subject.

Subject status

What should be the physiological or pathophysiological
status of the subject?

Scientific background. As it is known that subject
characteristics such as the insulin sensitivity and glucose
tolerance status influence the glycaemic response to a food,
it is of interest whether the physiological or pathophysio-
logical status of the subjects needs to be considered for
reasons of precision and comparability of GI values, as well.

Theoretically, the highest precision of GI values is
expected when the within-subject variation of the
incremental AUC of the blood glucose response is
minimised. The variability of the glycaemic response to
the same food tested on several occasions by the same
subject can be expressed as the CV (CV=sD as a
percentage of the mean). This question was addressed in one
study that compared the average CV of glycaemic responses
for repeated tests of white bread of subjects without diabetes
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Fig. 5. Margin of error (half-width of 95 % CI) of simulated glycaemic
index (Gl) values calculated in thirty-seven subjects in which the area
under the curve for the reference food was the mean of 1 to 100
simulated trials (Gl of glucose = 100). (<), Mean; (.. ... ), potato;
(---A--.), bread; (---V--), rice; (- - -O- - -}, spaghetti; (- - -O- - -}, barley.
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with those of subjects with type 2 diabetes and subjects with
type 1 diabetes. Subjects with type 2 diabetes displayed
significantly less within-subject variation (CV 15 %) than
subjects with type 1 diabetes (CV 29 %; P = 0-008) with
normal subjects being intermediate (CV 22 %) (Wolever
et al. 1985; Wolever, 1990a).

The question, whether GI values as relative glycaemic
responses (RGR) are still affected by subject characteristics
in general and whether GI values obtained in one kind of
subjects are comparable or valid in different subjects, was
addressed in several studies. Subject characteristics that
have been examined specifically and were found to have no
significant effect on mean GI include: normal v. diabetic
subjects (Jenkins et al. 1983); individuals with type 2
diabetes v individuals with type 1 diabetes (Wolever et al.
1987; Livesey, 2002); type 2 diabetic subjects on oral agents
2. on insulin (Jenkins et al. 1986); type 2 diabetic subjects in
good = poor metabolic control (Wolever et al. 1986b);
children with type 1 diabetes v adults with type 1 diabetes
(Wolever et al. 1988a; Livesey, 2002); rural African .
normal Western subjects (Jenkins et al. 1981; Walker &
Walker, 1984); glucose tolerance status and BMI (Wolever,
1990a; Wolever et al. 1998).

Recommendation. Subject characteristics do not appear to
have a significant effect on mean GI values but the variation
of the values may differ in various groups, being highest in
individuals suffering from type 1 diabetes. Therefore, for
routine testing, healthy human volunteers are
recommended.

What should be the reference food?

Scientific background. A variety of foodstuffs have been
used as reference for GI measurement. In the updated GI
database (Foster-Powell et al. 2002), we counted ten
different reference foods for almost 1300 measurements:
glucose, bread, white bread, wholemeal barley bread, wheat
chapatti, potato, rice, wheat and arepa (a Mexican starchy
food). However, most of the measurements were done using
glucose or white bread as the reference food (>90% of
studies).

In studies using rice, potato or some other local foods as
the reference, these were chosen because of the large part
taken by these foods in the local CHO intake. In the case of
polyols, sucrose was often used as control as this is usually
the CHO replaced. However, detailed information about the
reference foods are sometimes not provided in reports,
which limits the applicability of such data in those cases.

Furthermore, the correspondence between the glucose-
raising effect of such or many local reference foods and the
glucose-raising effect of the frequently studied white bread
and glucose reference foods has been poorly studied. This
greatly limits comparison of data from different laboratories
and experiments, and it also limits dissemination of the
results at an international level. By contrast, some
laboratories have studied systematically the correspondence
between GI on either white bread or glucose reference basis
(Sugiyama et al. 2003). Of the reference foods used, bread
or glucose have been discussed most. Since bread is a
common food, it has been argued that choosing this

reference allows the determination of GI in a more
physiological manner. However, the composition of white
bread may vary from one experiment to another and this
may make comparison of results from various experiments
difficult. Nevertheless, in a recent interlaboratory study it
was concluded that GI values for locally obtained bread are
no more variable than those for centrally provided
(comparable) foods (Wolever & Mehling, 2002). In contrast,
white bread from a certain local area may differ in GI
compared with a common white bread from another area, as
happened for the French white bread baguette (Foster-
Powell er al. 2002). The GI values obtained when white
bread is used are typically about 1-4 times those obtained if
glucose is used as standard (Food and Agriculture
Organization, 1998).

Glucose is sometimes preferred since the CHO source is
more standardised. However, occasionally subjects can get
nauseous after taking a concentrated glucose drink in the
morning after an overnight fast.

Recommendation. We recommend the index is expressed
relative to glucose = 100. However, for practical purposes,
we feel it is acceptable to use reference foods other than
glucose (such as white bread) during the measurement of
GI. This can be done as long as they have been calibrated
against glucose and the condition of preparation of this food
is standardised. Dissemination of results should include the
calibration data.

Meal volume, composition and consumption time

(a) Does drink CHO concentration and osmolarity play a
role?

(b) Within how much time do the subjects have to consume
the test food?

(c) Should the test-meal volume be adjusted?

Scientific background. The time required for consumption
of the test food should allow convenience for the test
subjects while minimising effects on gastric emptying rate
and feelings of discomfort. The osmolarity of a test drink
seems to play no important role but the CHO content does. It
was shown that there is a linear relationship between CHO
content of the drink and gastric emptying time. Because of
this, the rate of delivery of CHO from the stomach to the
small intestine is fairly constant for soluble available CHO.
For example Brouns et al. (1995) observed a constant
delivery of about 1.2g CHO/min for various solutions
containing a range of 45--90 g CHO/I and an osmolarity of
243-374 mOsm/kg. Accordingly, the CHO concentration
and osmolarity of the test drinks, at least in the range tested,
are not expected to have any impact on glycaemic response.

In the case of foods with low to moderate CHO density,
in order to prevent a too large meal size, the available
CHO content of the test portion is lowered to 25g (see
question on CHO load; pp. 155-156). Moreover, as the
sessions take place in the morning, after a 10-14h
overnight fast (see question on timing of the test; p. 156),
the subjects receive a drink during the test, for their
rehydration and comfort. However, even if the amount of
drink taken by the subjects is controlled, it differs from
one study, or laboratory, to another, being a second source
of variation of the volume.
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The determination of the GI of a food usually involves the
test of a portion of this food containing 50 g available CHO
(see later; p. 156). As all foods do not have the same CHO
content, the volume and weight of the test portions varies.
Both volume and meal weight will have an impact on the
time required for consumption. The question arises as to
whether this will influence glycaemic response. It is known
for both solid and liquid test meals, in normal and diabetic
subjects, that prolonging the time of ingestion from a few
minutes to several hours markedly flattens the glycaemic
response (Jenkins et al. 1990, 1992). Consuming 75g
glucose solution over 10 min as compared with 1 min tended
to increase blood glucose 60 to 120min later, possibly
because of a significantly smaller insulin response during
the first 30 min (Heine et al. 1983). The impact of the
volume, CHO content and osmolarity on gastric emptying
has been well studied (Brouns et al. 1995; Brouns, 1998).
However, the effect of volume of CHO foods per se has been
poorly studied. Fluids have a strong effect of initial volume
on the gastric emptying rate. Accordingly, ingestion time
should best be standardised (Brouns, 1998). Unfortunately,
the results of studies undertaken to date to evaluate the
effect of volume on glycaemic response are contradictory.
Some authors found no significant effect of water volume
(Gregersen et al. 1990}, whereas others observed or indicate
a relationship between the volume of water or food and
postprandial responses, and sometimes incremental areas
(Torsdottir & Anderson, 1989; Young & Wolever, 1998;
Sievenpiper et al. 2001). These contradictory results could
be explained by differences in physiology between diabetic
and normal subjects and also by large variations between the
protocols used in these studies. Based on current
information, it is recommended to avoid potential variability
in results due to the amount of drink given to the subjects
during the GI testing. Thus, what can be proposed is to give
the subjects a standardised amount of drink, such as 250 ml
(one glass), without taking into account water included in
the food, and the reference used for the GI testing should be
50 g glucose diluted into 250 ml of water, or a portion of
white bread containing 50g available CHO given with
250 ml of a drink.

For solid meals the effect of varying time of ingestion
over periods of less than 30 min has not been investigated.
Based on practical experience it seems that consumption
within 10—15min depending on the type of food is
appropriate. For example, very sweet foods with a
substantial volume may not be consumable for every
individual within 10 min.

The first bite or sip in the mouth is set as time 0 and the
first blood sample is taken conventionally at exactly 15 min
afterwards.

Other factors. In GI testing, the drink given to the subjects
is not always water; coffee or tea have also been used.
Young & Wolever (1998) showed that neither tea nor coffee
significantly affect the incremental area under the glycaemic
response curve; however, as volume, they influence the
pattern of blood glucose response. Moreover, caffeine is
known to acutely decrease insulin sensitivity in human
subjects (Graham ef al. 2000; Keijzers et al. 2002). In the
study of Graham et al. (2000), ingestion of 375 mg caffeine

resufted in a significant increase in both C-peptide and
insulin as well as an increase in the glucose AUC of 24 %.
Thus, the best drink to administer seems to be water. As a
second step, non-energetic or stimulant beverages (coffee,
tea) may be supplied as long as an identical quantity and
type of beverage is administered during the different
sessions of each subject.

Recommendations. We recommend supplying a standard
amount of 250ml water to the subjects with the test
portions, and with the white bread portion if it is used as
referent. If the referent is glucose, we recommend using a
solution of 50 g glucose diluted into 250 ml water. Fluid
ingestion is advised to take place within 5—10min. Solids
and semi-solids should be ingested within 10-20min,
depending on the type and taste of the food. The first blood
sample should be taken exactly 15 min after the first bite of
the food or first sip of the drink.

Carbohydrate basis for glycaemic index determination

Should the test serving be based on available (glycaemic)
CHO?

Scientific background. In the classical GI concept only
CHO sources that are assumed to be fully digestible,
absorbable and glycaemic are included in the calculation of
the 50 g CHO portion size. However, this approach has been
criticised for several reasons (Monro, 2003). One is the
suggestion that ‘available’ CHO is difficult to measure
accurately. Accordingly, the usual way of determining
‘available CHO’, by subtracting ‘dietary fibre’ from total
CHO, is not really a true reflection of in vivo available CHO
content and may lead to overestimation in the case of
products containing indigestible CHO, which are not
recovered as dietary fibre. Thus, it could be argued that
‘available’ CHO is only a concept rather than a definable
quantity. The truly available CHO fraction is difficult to
determine by in vitro models, since these do not account for
any influences within the gastrointestinal tract, for example
the fact that some in vitro digestible CHO may escape
small-intestinal digestion and absorption, thus ending
unabsorbed in the colon. The analytical aspect is
particularly important in the case of starchy foods. Until
recently it was difficult to measure the amount of type 3 RS
in a food. The former AOAC analytical dietary fibre method
did not measure type 3 RS appropriately, leading to some
underestimation of the total RS content of many foods in the
past. However, in 2002 AOAC recognised an additional new
method (McCleary & Monaghan, 2002) that measures
type 3-retrograded RS specifically and accurately.

This analytical progress seems of relevance since an
unknown and significant fraction of native starch, once it has
been prepared for consumption, may be resistant to
digestion. This fraction is usually referred to as intrinsic
RS. The amount of RS in a food is further influenced by the
food processing and preparation conditions applied as well
as by adding RS as a food ingredient. Accordingly, starch
may be resistant due to the native (raw and indigestible)
botanical structure or starch crystallinity being formed after
cooking, during cooling down, by a process called

29
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retrogradation (formation of indigestible crystalline struc-
tures), Alternatively, RS can be added as an ingredient
during food processing. The RS content may also change
depending on the degree of ripening of a fruit or vegetable.
For example, a green banana has a very high content of RS,
which is lowered during ripening to almost zero in a fully
ripe banana. As a consequence, the amount of RS in a
starch-based food may range from a few percent to as much
as 40 % depending on the native source and/or the way of
meal preparation (Champ et al. 2003). Analysis of total
starch less RS obtained by approved methods makes
possible estimation of the available starch fraction. There
are also several enzymic procedures available simulating the

digestion in the gastrointestinal tract and making it possible .

to analyse the available and RS content of foods (Englyst
et al. 1996; 1998). Therefore, we can conclude that
measuring available CHO is no longer a problem for most
common foods.

Since existing GI values are mostly based on available
CHO being defined as total CHO minus dietary fibre, it is
possible that existing GI values are based on an overestimate
of the amount of available CHO in foods, and, thus, portion
sizes which contain less than 50 g available CHO. This, in
turn, raises the possibility that the reduced glycaemic
responses of low-GI foods may be due entirely to CHO
malabsorption. However, this does not appear to be the case.
The extent to which CHO malabsorption accounts for
reduced glycaemic responses will be discussed in detail
below.

A second problem with the classical GI approach has been
suggested to be the fact that it does not actuaily indicate the
blood glucose response elicited by a food, which depends
also upon the amount of CHO it contains (Monro, 2003). For
example, when a food or meal is formulated to lead to a net
decrease in glycaemic CHO by increasing protein and dietary
fibre content, for instance, the reduced glycaemic potency
that will be achieved cannot be accurately reflected in GI.
This may disadvantage consumers. Thus it also depends on
the amounts and types of fat, protein, fibre and other
compounds and their interactions. Accordingly it has been
suggested that the classical use of GI is difficult to
understand, and that it would be easier to understand and
apply on a whole-food basis, as a food effect, including all its
constituents. (Monro, 2003). In principle this would also
allow glycaemia to be reduced by replacing starch and sugars
with indigestible CHO such as RS and sugar alcohols. Thus
the concept of a food-based GI differs from the classical
concept of GI based on available CHO. The classical GI
concept implies that the diet is high in available CHO, and
aims to provide a means of controlling glycaemic responses
without reducing available CHO intake. By contrast, the
concept of a food-based glycaemic response implies that it is
useful to control the magnitude of glycaemic responses by
any means. All mechanisms by which glycaemia may be
reduced (such as adding fat, or protein, or replacing available
CHO with sugar alcohols, RS, fat or protein) are assumed to
have an equivalent impact on health. Yet it is difficult to prove
that these concepts differ because there are no long-term
studies comparing the effects of high-available CHO low-GI
diets with diets in which available CHO was replaced with
unavailable CHO. However, it has been shown that short-

term metabolic effects of reducing available CHO intake are
different from those of slowing the rate of CHO absorption.
This will be discussed later (p. 153) under the heading of
second-meal effects.

In order to address the issue of whether a GI value should
be based explicitly on available CHO, we need to ask also to
what extent the low glycaemic responses elicited by low-GI
foods (based on available CHO) are due to CHO
malabsorption. If low glycaemic responses occur due to
CHO malabsorption, then there would be no value in
retaining the concept that the GI should be based on
available CHO. However, this seems not to be the case.
Although low-GI foods tend to be associated with a
decreased amount of CHO absorbed (i.e. the amount of
available CHO they contain has been overestimated), this
only accounts for maximally 15% of the blood glucose-
lowering effect. In addition, the effects of a low-GI food,
lentils, on the second-meal glycaemic response is the
opposite to that seen with a reduced amount of CHO
absorption, but the same as that seen by slowing CHO
absorption (Jenkins et al. 1990) (see also second-meal
effects later; p. 153).

Amount of carbohydrate absorbed. Wolever et al, (1986a)
compared the amount of CHO malabsorbed from whole-
wheat bread and lentils using a breath hydrogen method and
comparing the obtained data with those of directly measured
contents in ileal effluent from individuals with an ileostomy.
Both methods indicated that about 10 % of the ‘available’
CHO in bread and about 18 % in lentils was malabsorbed.
Thus, portions of bread and lentils containing 50g
‘available’ CHO (defined as total CHO minus dietary
fibre) actually contained about 45 g and 41 g, respectively,
of the truly measured absorbed CHO. This difference in
absorbed CHO would account for about a 9 % difference in
glycaemic response (100 X (45 — 41)/45 = §-9 %). In fact,
however, the glycaemic response elicited by lentils was
75 % less than that of bread (Wolever et al. 1986a). Thus,
malabsorption only accounted for about 12% of the
reduction in glycaemic response (100X 9/75 = 12 %).
Fig. 6 shows the relationship between GI and percentage
CHO malabsorbed for twenty foods as directly measured in
a subject with an ileostomy. The dotted line indicates the
magnitude of reduction in glycaemic response which would
be expected based on the reduced amount of CHO absorbed.
Even at high levels of CHO malabsorption seen with
legumes, the reduction in CHO malabsorption accounts for
<20% of the reduced glycaemic response. It is therefore
believed that the major determinant of the low GI values of
starchy foods in this study is a reduced rate of CHO
absorption. Of course other mechanisms are possible, but it
is true that slowing the rate of absorption of CHO, for
example by sipping glucose slowly over 3 h, reduces glucose
and insulin responses (Jenkins er al. 1990).

If, as suggested by Fig. 6, not all of the ‘available’ CHO in
foods is actually absorbed, the question is raised as to how

" much GI values are underestimated because the portion sizes

used contained less than 50 g available CHO. This question
has been addressed by determining the glycaemic responses
of starchy foods containing high amounts of intrinsic RS (15
or 35% on total starch basis) using two different portion
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Fig. 6. Relationship between the extent of available carbohydrate
absorption (measured in a subject with an ileostomy) and food
glycaemic index (Gl) (Gl of glucose = 100) for twenty starchy
carbohydrate foods. (—), Fitted regression using two-phase
exponential decay model; (----), theoretical effect on Gl if the
reduction in glycaemic response was exactly proportional to the
reduction in the amount of carbohydrate absorbed.

sizes, one matching for total starch (or available CHO defined
as total CHO minus dietary fibre), and a larger portion in
which the RS was excluded from available CHO. In the case
of high-amylose maize bread, the glycaemic response
elicited by the 45 g total starch portion, 49 mmol X min/I,
was identical to the response after a 55 % larger portion size
to account for the 35 % RS, 49 mmol X min/l (Granfeldt et al.
1995a). In the case of barley, an 18 % increase in portion size
resulted ina non-significant 13 % increase in GI from 39 to 44
(glucose = 100; Wolever et al. 2003). The reason for this is
probably that the food factors responsible for the intrinsic RS
formation also reduce the in vivo availability of the bulk of
starch. In any case it is advised to estimate available and
indigestible CHO using validated methods and correct for the
indigestible part.

Glycaemic response as a function of the digestibility
of available carbohydrate. In several comparative studies,
the glycaemic impact of CHO foods has been related to the

rate of digestion of available CHO. Englyst et al. (2003)"

correlated twenty-three cereal-based starchy foods for their
GI in vivo and their rate of CHO digestion in vifro (as
assessed by the content in rapidly available glucose). Foods
were ingested on a 50 * 2g available CHO basis.
According to the results of analytical measurement of
NSP and RS contents the twenty-three foods had very
similar content in non-available CHO. However, the GI was
highly variable between the different foods studied but was
significantly related to the in vitro rate of digestion (rapidly
available glucose content). Accordingly, GI was more
explained by the rate of digestion of the available CHO
fraction than by the content in non-available CHO (dietary
fibre and RS).

Second-meal effects. To see if the acute metabolic effects
of a low-GI food, lentils, was due to a reduced rate or a
reduced amount of available CHO absorption, Jenkins ef al.
(1982) studied the effects of different breakfast test meal on
the glycaemic response after a standard lunch. Subjects

consumed four different breakfast meals, followed 4 h later
by a standard lunch. The two basic breakfast meals were
matched for available CHO (127-128g), dietary fibre
(26-29 g), protein (57 g) and fat (13-18 g) and consisted of
lentils, butter and tomato, or wholemeal bread, cheese and
tomatoes. The breakfasts were consumed over a period of
15-20 min. Two further breakfasts were taken; one,
representing reduced CHO intake, contained only one-
quarter of the wholemeal bread but was identical in all other
respects. The other, representing slow CHO absorption,
contained the full amount of bread, cheese and tomato but
eaten in small divided portions over 4h. The glycaemic
response elicited by lentils and the continuous and the
quarter bread meals were significantly less than that of the
control bread breakfast (Fig. 7). However, the pattern of
blood glucose response after lentils (Fig. 8) was followed
much more closely by the continuous meal than by the
quarter bread meal (Fig. 9). The second-meal response
refers to the glycaemic response elicited by the standard
lunch meal consumed 4 h after breakfast. The second-meal
response after lentils was 38 % less than that after the
control bread breakfast (Fig. 7). The second-meal response
tended to be less than control after the continuous bread
breakfast but was significantly increased after the quarter
bread breakfast (Fig. 7). These results suggest that the acute
metabolic effects of slowing CHO absorption differ from
those of reducing the amount of CHO absorbed, and that the
metabolic effect of lentils is not due to CHO malabsorption.
Similar conclusions were drawn from second-meal exper-
iments done by Liljeberg er al. (1999).

These data suggest that the concept of GI based on 50 g
available CHO differs from the concept of the GL or
GGE based on glycaemic response as a food effect and
it is therefore essential to distinguish between these
measures,

Other proposed methods of classifying the glycaemic impact
of foods. One method is an index based on total CHO. A
relative glycaemic effect (RGE) could be determined by

200

100

AUC {mmol x min/l)

Second meal

- Breakfast

Fig. 7. Incremental areas under the blood glucose response curve
(AUC) of normal subjects after breakfast and lunch test meals. Values
are means and sem. Breakfast consisted of test meals containing
wholemeal bread (8) or lentils (8), one-quarter the amount of bread
(8), or the bread breakfast consumed over 4 h (). The second meal
was the same on each occasion and was consumed 4 h after the start
of breakfast. ®® Mean values within each meal with different
superscript letters differ significantly (P<0-05) (data from Jenkins
et al. 1982).
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Blood glucose (mmolfl)

Time (h)

Fig. 8. Mean blood glucose concentrations of normal subjects after
breakfast and lunch test meals. Breakfast consisted of test meals
containing equal amounts of ‘available’ carbohydrate from wholemeal
bread (~e-) or lentils (.- -o...). The second meal was the same on
both occasions and was consumed 4 h after the start of breakfast.
*Mean values are significantly different from those for bread
(P<0-05) (data from Jenkins et al. 1982).

measuring the glycaemic responses elicited by amounts of
foods containing 50 g total CHO, expressed relative to 50 g
glucose; that is, using a total CHO basis.

There seem to us several reasons why it is necessary to
distinguish between GI, based on available CHO, and RGE
based on total CHO. First, unavailable CHO may or may not
influence the glycaemic impact of digestible CHO
consumed at the same time with them. Not controlling for
the amount of available CHO would mean that valid
conclusions as to whether reduced glycaemic responses
were due to a reduced amount of available CHO or to some
other effect cannot be drawn. Second, as described
elsewhere in the present paper, the metabolic effects of
consuming a certain amount of CHO while slowing its
absorption are different from those of reducing the amount
of CHO absorbed. Regarding the latter, most of the studies
in this area compare the effects of exchanging sucrose or

Blood glucose (mmoi/l)

Time {h)

Fig. 9. Mean blood glucose concentrations of normal subjects after
breakfast and lunch test meals. Breakfast consisted of test meals
containing wholemeal bread (- —) consumed ovér 15—-20 min, one-
quarter the amount of bread (-A-), or the full bread breakfast
consumed over 4 h (—A-). The second meal was the same on each
occasion and was consumed 4 h after the start of breakfast. *Mean
values for slow bread are significantly different from those for control
bread (P<0-05). {Mean values for one-quarter bread are
significantly different from those for control bread (P<0-05) (data
from Jenkins et al. 1982). -

dextrins with fructo-oligosaccharides or inulin (Williams &
Jackson, 2002). Effects that are seen in these cases may,
along with a reduction of the amount of glycaemic CHO
ingested, be due to the production of short-chain fatty acids
during colonic fermentation (Brighenti et al. 1999).

Another method is based upon GL or GGE. The term GL
was first proposed by Salmeron et al. (1997a) and was
defined as the quantity GI X g, where Gl is the food Gl and g
is the weight of CHO the food portion contains. Thus, a
particular GL may be achieved either from low-GI foods, or
from high-GI foods at a lower available CHO intake. The
ability of GL to predict glycaemic responses has been tested
(Brand-Miller et al. 2003b), and GL values for a large
number of foods have been published (Foster-Powell ef al.
2002). It has been assumed that if more servings of food are
consumed, GL values are additive without energy adjust-
ment (Brand-Miller er al. 2003b); however, whether this is
so is not clear since the original rationale for the use of GL
was based on epidemiological studies in which GL was
adjusted for energy intake.

Monro introduced the term GGE (Monro, 1990q, b, 2002,
Monro & Williams, 2000) which is defined as: ‘the weight of
glucose equivalent in its effect to a given weight of food’.
GGE can be calculated using existing GI tables as follows:
GGE = food weight (g) X %CHOAVL X (Glt0a/Glgucase),
where %2CHOAVL is the amount of available CHO contained
in 100 g food, Glyq is the GI vatue of the food and Glypicose
is the GY of glucose ( = 100). Thus, GGE is equivalent to GL.
It has been suggested that GGE is an accurate predictor of
glycaemic responses (Liu et al. 2003), but the validity of this
conclusion has been questioned (Wolever, 2004a).

In general the utility of the above-mentioned methods of
classifying glycaemic responses, i.e. RGE, GL and GGE,
remains to be better established. Issues which need to be
addressed include: what is the reproducibility of the values;
are the values the same in different subjects; are the values
affected by glucose intolerance or insulin resistance; do they
hold in mixed meals; does altering dietary intake based
on them result in long-term improvement in glycaemic
control, blood lipids, body weight, or other health-related
indicators?

In general the validity of the above estimates of GI of
available CHO and glycaemic impact remains to be better
established. In this respect it should also be noted that a
value of GI might not be appropriate when the intake of fat
is high (see Flint et al. 2004).

Recommendation. It is recommended that the measure-
ment of GI of test foods is based on comparing equivalent
amounts of available CHO (for further explanation on the
definition of available CHO, see later; p. 156). For clarity
and precision in terminology, it is recommended that the
term ‘GI’ be restricted to tests of foods based on available
CHO, and that different terms, such as RGE, GL or GGE, be
used to classify the glycaemic impact of foods based on total
CHO or serving size.

What should be the carbohydrate dose?

Scientific background. Generally, most of the tested foods
contain significant amount of available CHO (as g eaten in a
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serving, or as g/100 g food). A 50 g available CHO load has
been initially proposed as a reference amount for GI testing.
However, in the case of foods with low to moderate CHO
density, this may lead to large volumes having to be ingested.
Increasing the intake quantity of CHO increases incremental
AUC glucose response in a dose—response manner in healthy
subjects (Wolever & Bolognesi, 1996a; Lee & Wolever,
-1998). However, the dose—response curve is curvilinear and
shows a trend to plateau at intakes greater than 50 g CHO.
Small intakes of high-GI foods also elicit a glucose response,
whereas glucose only slightly increases after the consump-
tion of a 25 g CHO load of low-GI foods. In addition, after an
intake of less than 10 g CHO, a significant change in blood
glucose may not be detected. Therefore, a range of 25t050 g
available CHO appears to be most appropriate for GI testing
experiments, with 50 g as the preferred target dose. Less than
25 g available CHO (but higher than 10 g) may be considered
for foods with very low available CHO content, but can at
present not be recommended due to lack of data.
Accordingly, this requires further research. Finally, when
the reference food is glucose, the nature of the glucose source
has to be taken into account. In the case of monohydrated
glucose, a correction factor, taking into account the water
linked to the glucose, has to be used to calculate the quantity
of CHO provided from glucose. Indeed, 1-1 g monohydrated
glucose provides 1-0 g glucose.

Recommendation. 'We recommend testing 50 g available
CHO loads. In the case of foods with low to moderate CHO
density, it is justified to lower the CHO load to 25 g to avoid
an unrealistically large meal size and to adjust to 25 g CHO
the referent food portion,

How should carbohydrates be analysed and calculated?

Scientific background. According to the FAO definition
currently used in many countries, ‘total carbohydrate less
dietary fibre’ is defined as available CHO. At present we
know that this may often be incorrect, since this definition
does not account for indigestible CHO that from a
physiological point are dietary fibres (Champ et al. 2003)
but are not measured using the classical dietary fibre
analytical method. Some examples of such CHO are the
fructans inulin and fructo-oligosaccharides and type 3 RS.
Accordingly the available CHO should, as far as possible, be
analysed with approved specific analytical methods. Simple
and appropriate enzymic procedures are available for
analysis of the main potentially available CHO in foods
i.e. available starch, lactose, sucrose, glucose and fructose
(maltodextrins, maltose). For practical purposes, these
methods can be expected to give a reasonably good estimate
of the available CHO load in foods with only intrinsic CHO.
In the case of starchy foods, the bioavailable starch fraction
as well as RS can be analysed with specific analytical
procedures (McCleary & Monaghan, 2002; for a review, see
Champ et al. 2003). When some CHO components such as
RS or sugar alcohols may occur in non-transformed
or manufactured foodstuffs, the evaluation of these
components, using accurate procedures, is recommended.
Fig. 10 shows possible ways to obtain the analytical
contents in CHO components and to calculate the load of a

defined amount of available CHO to be tested. When
required, a conversion factor is recommended to adjust
CHO that are being tested (available starch, disaccharides,
monosaccharides) to a comparable monosaccharide level.
‘Indeed 1g available starch delivers 1-1g glucose units
during digestion because of hydration during hydrolysis
process, whereas the conversion factor to be used for
available disaccharides is 1-05.

Recommendation. 1t is recommended that the main
potentially available CHO in foods, i.e. available starch,

- lactose, sucrose, glucose and fructose, are analysed with

accurate analytical methods. For starch-containing foods,
analytical procedures are recommended that allow separate
determination of the available starch and the RS.

When should the test take place?

Scientific background. To be comparable with other foods
in the GI tables, the test should be taken at breakfast time in
the morning. This fasted condition is most stable concerning
possible intra-individual differences due to time of the day
and meal influences. There is evidence that the glycaemic
response data obtained from a test at lunchtime, after a
standard breakfast, differ significantly from those obtained
after an overnight fast. For example, RGR of two breakfast
cereals were studied after a 10—14h overnight fast or at
lunchtime after a standard breakfast. It was observed that the
difference in glycaemic response between the cereals when
tested in the morning was significantly greater.than that
observed at lunchtime (Wolever & Bolognesi, 1996¢).

Recommendation. The test should preferably take place
before 10.00 hours in the morning, after a 10-14h
overnight fast.

Subject preparation

What should be the preparation (instructions to subjects)
before the measurement?

Scientific background. Many factors modulate the
response to a test meal in any one subject and differences
in these factors between eating occasions would be expected
to be a potential cause of inaccuracies in GI, GL, GGE, etc.
It has long been known that the CHO content of the diet for
the few days before an oral glucose tolerance test markedly
affects the result, with poorer glucose tolerance being
observed after a Jow-CHO diet (Hales & Randle, 1963).
Acute physical exercise can increase muscle glucose uptake
on the following day (Malkova et al. 2000), and improve
insulin sensitivity for 48 h (Mikines et al. 1988). This usually
results in lower plasma insulin concentrations in response to
nutrient ingestion (Tsetsonis & Hardman, 1996; Tsetsonis
et al. 1997), although generally there is no effect on systemic
fasting plasma glucose concentrations (Tsetsonis &
Hardman, 1996; Tsetsonis et al. 1997; Malkova et al.
2000). Folch et al. (2003) recently studied the effect of a large
starch meal at rest and after exercise in men and women and
observed that the contribution of substrate oxidation to
energy expenditure as well as fat and glycogen balance and
the effect of previous exercise were similar in men and
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total disaccharides x 1.05 +

:

5. Calculation of test load
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Fig. 10. Principles of analysis and calculation of available carbohydrate (CHO) in test foods. * This analysis is optional, and depends on the
estimated content (step 2). T This analysis is recommended when possible. Results allow to calculate the total sugars content. A correction factor
can also be applied to disaccharides (x 1.05) to convert into monosaccharide equivalents, depending on the method used. } Correction factor of
1.1 is to be applied to convert starch content into monosaccharides (glucose) equivalents, and a correction factor of 1-05 is to be applied to convert
disaccharides content into monosaccharides (glucose) equivalent (depending on the method used). § This last step of calculation is to be adapted

according to the decided available CHO served load.

women, Post-exercise, however, postprandial plasma
glucose levels differed significantly from rest.

Alcoho! consumption may have profound effects on
glucose homeostasis (Shelmet et al. 1988; Siler et al. 1998),
especially in the fasting state, although the effects of alcohol
consumption on metabolism the following day do not
appear to have been tested. Cigarette smoking is another
potential confounder since it may cause acute insulin
resistance (Attvall et al. 1993; Frati et al. 1996). Intake of
dietary RS on the day before a meal challenge may improve
glucose tolerance (Robertson et al. 2002). Even the
composition of the evening meal the day before a test may
affect the result. Meals rich in either CHO or fat on the
evening before a meal-challenge test have significant effects
the following day: fat tolerance is poorer following a CHO-
rich evening meal; glucose tolerance is poorer following a
fat-rich (low-CHO) evening meal (Robertson et al. 2002).
However, the effect of evening meal macronutrient
composition on fat tolerance is much more marked than
the effect on glucose tolerance (Robertson et al. 2002). The
GI of the evening meal may also exert an effect independent
of macronutrient composition. Evening meals of low GI
produce better glucose tolerance the following morning
compared with evening meals of high GI (Wolever et al.
1988b; Thorburn et al. 1993). This effect may be due to
colonic fermentation, since it is seen with barley but not
with spaghetti with an identical GI (Granfeldt et al. 2005).

The exact length of the overnight fast may also be
important: the steady state often supposed to exist after

overnight fast is, in fact, a time of significant change in
terms of falling plasma insulin concentrations and
increasing lipolysis (Klein ef al. 1993; Samra et al. 1996).

In view of all these factors, it might well be supposed that
strict standardisation of diet and activity for 24 h before the
measurement of GI would improve the reproducibility of
results. In practice, however, such standardisation consider-
ably increases the burden on participants and investigators,
and it is important, therefore, to ask whether the supposed
benefits are seen in reality. This question was studied by
Campbell et al. (2003). They compared tests in which
exercise and evening meal on the day before the test, and the
length of overnight fast, were strictly controlled, with
‘uncontrolled’ tests. No smoking was allowed on the
morning of the test on either occasion. In contrast to
expectations, the variability of results was no greater in the
‘uncontrolled’ tests and in fact tended to be lower. There
was no effect on mean values of glycaemic response.
Participants who were smokers (three out of thirteen)
reported ‘craving’ during the controlled tests, but never-
theless returned similar values for glycaemic response and
variability under the two conditions. Vigorous physical
activity on the day before the ‘uncontrolied’ tests did not
produce a significant effect, although there was a tendency
to lower blood glucose concentrations at 90 min. Whilst the
effects of many of these measures have been shown under
other laboratory conditions, it appears that they are not of
sufficient significance to warrant stricter controls when
applied to GI testing.
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Recommendation.  We recommend that in practice there is
no need for rigorous control of exercise, smoking or diet an
the day before the test. Unusual vigorous aetivity should be
avoided, however, Subjects should eat their normal diet on
the previous day. We recommend that the evening before a
test cach subject should consume a meal of chaice and
repeat that meal before each test. Smoking should not be
allowed on the day of the test. We emphasise that our
recommendation applies to the measurement of glycaemic
responses. Other metaholic investigations, especially ol fat

metabolism, miy be much more susceptible 1o the elfects of

prior exercise and diet.

Re-utilisction of control rest results

Can the results from the reference glucose wsts Trom a

selected group ol subjects from one study be used for

subsecuent studies?

Scientific backgrowd,  Using reference values that have
been obtained in one study as reference values in another
subsequent stody would only be acceptable by respecting
the following two conditions:

(1) Between two studies, the subjects must not undergo
physiclogical changes (for example, significant weight
change, starting medical treatment, changes in physical
activity) leading to important changes in their
lasting blood glucose or in their glycaemic response
to foods;

(2} The position of the glucose tests in the studies is
relevant (see question how many times should the test
be reproduced for the standard and test Toods™; p. 148),
I glucose test is always done at the beginning and at
the end of the study, the last glucose test of the first
study can be used as the first glucose test of the second
study. However, since no data are available on the
impact of time on changes in response 1o the reference
food, we recommend limiting the time between tests 1o
a maximum of 2-3 months. Applying reference dala
from one study to data collected in another is generally
considered poor scientific practice, although it may
yield reasonable results. Although practiced often it iy
not recommended to do so.

Recommendation,  In case that the same subjects are tested
in subsequent trials with short intervals, test data of the
reference food in a particular group of subjects can be used
for different studies in the same suhjects, if the test of the
reference food occurred within 3 months, However, al least
one new test of the reference food should be done in
every study, and, in each study, one test of the reference
food should be done at least every 3 months, or for
every six loods tesied by the subject, whichever is more
frequent,

How showdd the randomisation be done?

Scientific background.  Randomisation in clinical trials is
necessary to climinate bias in treatment assignment,
facilitate blinding of the identity of the treatments from
the investigalors and (o permit the use of probability theory
o determine the statistical significance of the results

(Schulz & Grimes, 2002a). As important as the treatment
assignment is allocation concealment, 1o prevent the
investigators rom deciphering assignments, which subveris
the purpose of randomisation (Schulz & Grimes, 2002q).
These considerations apply to parallel-design clinical rials
of drugs, but are difficult or impossible to apply to studies in
which the Gl of foads is determined. One reason for this iy
that GI trials are cross-over studies in which all subjects
undergo all treatments. In addition, it is usually impossible
to blind either the subjects or the investigator from the
treatments being undertaken, and elforts 0 do so nmay
change the nature ol the food tested and hence aler the
results. Bias in GI trials is possible if cither subjects or
investigators try to modify the results of i test by chunging
their behaviour based on knowledge of the upeoming test, or
change the order of the treatments hased on their behaviour,
Creating a list of the order in which tests will be done, and
not telling the subject about which food product will be
received before it is presented s the test meal may help
minimise these problems but is insufficient o prevent bias
from eceurring. The advantages of using true randomisiation
to allocate the order of test of the foods, as opposed W non-
randomised methods of mixing up the order of treatments, is

not clear. In addition to minimising bias, randomisation of

the treatments in Gl studies is desirable o control for
systematie ‘order” effects, and for non-systematic random
events, both of which may influence the results, It is possible
to achieve better balance among the possible orderings of
test foods in time by using an adaptive randomisition
procedure or minimisation. In this approach, orderings that
include foods that have already been assigned to subjects
disproportionately early in the order will become less likely
to be assigned than orderings in which these foods are
scheduled later, However, because of the additional
complexity this creates in the study design and analysis,
and because practical considerations as noted later may be
of overriding concern, we do not [eel there is a need for
adaptive randomisation and opt instead 1o include order
efflects as a covariate in the analysis,

LExamples of systematic order effeets might be related 1o
stress or seasonal effects. Subjects who are new w the testing
procedures may experience more anxiety during the first few
tests they perform than they do after becoming used w the
procedures. Anxiety may influence glycacmic responses via
delayed gastric emptying or insulin antagonistic effects of
stress hormones. IF subjects are studied over a period of
several months, seasonal changes may influence the diet and
activity patterns of the individual, which, in wrn. may atfect
glycaemic responses. Examples of random eifects might be
a sudden hot spell, or a breakdown in the air-conditioning
system in the laboratory, which aftects the performance of
the plucose analysers. Factors that influence how treatments
are randomised include the natire and number of foods
tested, the number of times the reference tood is repeated

and the number of subjects being studied. Consideration of

how the number of subjects influences the methods of
randomisation and concealment is critical for purallel
studies, but not quite so important for cross-over studies.
The main issue is that, with small numbers of subjects,
simple randomisation  procedures commonly result in
unequal group sizes, For example, a sample size of wn,
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over 33 % ol sequences generated with simple randomis-
ation, would yield o ratio imbalance of 2:7 or worse (for a
sumple size of twenty, the probability is nearly 12 %).
Various strategies Tor randomising in blocks can prevent
unequal group sizes, though it has been argued that some
inequality in group size is desirable to enhance concealment
{Schultz & Grimes, 20028). Complete randomisation of all
the test relerence foods could result in all the reference food
tests being conducted lirst, or last or all together in the
middle. If a large number of foods were being tested, the
study may last for 3—4 months, and the grouping together of
the reference food tests would make it difficult o detect any
systematic order effects. To determine whether systematic
order effects are present, the three trials of the reference food
could be conducted first, last and in the middle ol the
sequence of test foods, To minimise bias due to random
events, it is most desirable to randomise the order of the
foods tested. However, in certain situations it is not possible
or desired 1o completely randomise all the Tood tests; for
example, the desire 1o obtain results Tor some foods first, or
the testing of Toods with a short shelf-lite (for example, fresh
potatoes). Randomisation in blocks is accepiable, bul
doing reference food tests after cach block test may be
considered to conuol Tor order effects. True randamisation
ol the order of testing of the foods would be ideal, but is
not commonly practiced, and is not considered necessary
due to the absence of data about the mugnitude of
bias introduced by non-randomised allocation of the
order of testing, More sophisticated experimental designs,
such as partial latin square, where cach subject ingests
several but not all foods, may allow more foods to be wested
in a single experiment in less time and with less burden on
the subjects. Thus far, data using such approaches for Gl
testing are lacking, thus not allowing for making
recommendations,

Recommendation. It is recommended that foods for testing
be randomised in Mocks of up 1o six foods with a trial of the
reference food being done before and after each block. The
reference food trial performed after the first block of test
[oods can be used as the first reference food trial in the next
block of test foods. Randomisation is not the only approach
1o assign tests and subjects.

Showdd we include as many males as females?

No differences have been observed in glycaemic response
between males and females (Wolever er al. 2002),
Accordingly, there are no grounds to avoid the common
practice of inclusion of both sexes in a study,

Hone many foods in one batel of tests?

() Can we test as many foods as we want in one test?

(b Is there a maximal number of test foods that can be
compared with the mean of two to three reference
foods?

Seientific background.  Studies that have been done in the
past have evaluated as much as up to twelve foods in one Gl
experiment, along with three times the control test. The
reference test has been repeated every 6 -8 weeks. The total

test duration should not exceed 4 months, 1w avoid possible
seasonal variations in Gl An ideal set-up may be 1o test
three test foods, along with three control-reference wials, in
aperiod ol 2 weeks, allowing to test on Monday, Wednesday
and Friday.

Recommendaion.  The total test duration should not
exceed 4 months. With nwltiple food testing i reference
test should be done at the beginning and a repetition should
tuke place after every 6-8 weeks,

How shonld Dlood be sampled?

Scientific backgronnd.  Arterial blood is delivered from the
heart to the tissues of the body. The concentration of glucose
in arterial blood is therefore in principle the measurement off
interest because this is the coneentration to which the tissues
are exposed. However, sampling af arterial blood s an
invasive procedure that carries some risk and is unlikely to
be applied to the measurement of GIo Alternatives are:
(1) capillary blood, which approximates arterial blood in
composition — this necessitates puncture of the skin (usually
on the finger or carlobed; (ii) venous blood taken [rom a
cannula in a wvein, uwsually on the forearm or in the
antecubital fossa; (i1i) “arterialised venous’ blood, taken
from a cannula in a vein draining the hand, the hand then
being warmed o open arterio-venous amastomoses (so that
substrate concentrations resemble arterial blood). Because
the tissues consume glucose, the concentration of ghicose in
a peripheral vein will be lower than that in an artery. The
magnitude ol this arerio-venous  difference may  he
considerable, especially after glucose ingestion when
insulin stimulates ghicose uptake. In one study, the glucose
concentration in blood taken from an antecubital vein was
dmmol/l lower than that in arterialised venous blood at
60 min after ingestion of glucose (Frayn ef al. 1989),
Furthermore, this difference is not consistent; ambient
temperature, for instance, affects the rate of blood flow
through the forcarm and has a marked effect on venous
blood glucose concentrations (Friyn er ai. 1989). Therelore,
venous glicose measurement might be expected to be more
variable than capillary. This has been confirmed divectly in
the interlaboratory study of GI, in which laboratories aking
venous blood returned Cl of = 50 96, compared with <230 %
in all laboratories using capillary blood (Wolever ef al.
2002, 2004).

Direct comparisons between capillary and venous blood
also beur out this difference. Capillary blood glucose
concentritions were consistently greater than venous blood
glucose concentrations when assessed during the measure-
ment of G of various products, so that AUC were 3340 %
lower for venous blood glucose (Granfeldt er al. 19930).
However, the measarements of Gl were not affected as bhoth
reference and tlest measurements were similarly affecied.
Sensitivity of the measurement, however, was greater using
capillary blood sampling (Granfeldy er ol 19950y, The sie
at which capillary blood is taken may altect the result. When
glucose concentrations are rising or have just risen sharply,
fingertip capillary plucose concentrations are greater than
those in capillary blood from other sites including Torearm,
thigh and abdomen (Ellison er af. 2002, Jungheim &
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Kaschinsky, 2002; van der Valk e al. 2002), with variable
differences in repeated tests on the same subject (Ellison
et al. 2002); conversely, when blood glucose concentritions
fall, fingertip capillary glucose concentratinns are lower
than those on the forearm (Jungheim & Koschinsky, 2002).
The message is that fingertip capillary  sampling iy
preferable to other sites, Garlobe and fingertip capillary
blood do not seem to have been compared directly.

Praciicalities.  Placement of a venous cannula requires
some medical or nursing supervision; on the other hand,
once in place, blood sampling is painless. Many subjects do
not like repeited stabs for capillary blood; on the other hand,
again, methods for sampling capillary blood are being
refined and with practice the technique can be made almost
painless. Placement of a cannula for sampling arterialised
venous blood is made in a retrograde divection, which is
slightly more difficult than normal cannulation. The hand
can then be warmed in a variety of ways, although hot waier
is not recommended as heat transfer to the body is
signilicant, and a box with relatively static air at 55-60"C
works best in practice (Frayn & Macdonald, 1992),
Sampling capillary hlood results in relatively  smaller
volumes. It it is desired to measure substances other than
glucose (for example, insulin) this may be possible using
micro-methods. However, 11 a number ol hormones or
metabolites are to be measured, then larger smmples will be

needed, and arterinlised venous blood may be the method of

choice (Wolever, 20045), Measurement in whole bload is
also possible. Whoele-blood and plasma plucose concen-
trutions are closely retated and one can he calculated from
the other il the packed cell volume is known (Dillon, 19635).
Provided that either plasma or whole blood are being used
consistently in any series of meusurements, no bias should
be caused. However, it would not be appropriate 10 use
plasma on one occasion and whole blood on another.

Recommendation.  We recommend the use of either
capillary or arterialised venous blood and discourage the
use of normal venous blood, Fingertip capillary  blood
appears to give the greatest sensitivity, We recommend the
use of either capillary or arterialised venous blood and
discournge the use of normal venous blood i order 1o
improve  sensitivity and to remove the potential for
variations in measured GI due to flucuations in factors
such as ambient temperature. Fingertip capillary blood
appears at present to give the greatest sensitivity, but with
improved methods Tor sampling ol capillary  blaod
becoming available, more research could be conducted on
alternative sites. Whole blood and plasma concentrations
are closely related and one can be caleulated from the other
il the packed cell volume is known.

Measure both glucose and insulin?

Scientific background, A growing body ol rescarch
resulting from dietary trials and large epidemiological
studies indicates that diets with a high Gl or high GL are
associted with an increased risk of insulin resistance,
dyslipidaemia, and the development of CVIY and type 2
diabetic subjects (Slabber e al. 1994 Salmeron er af.

1997a,b; Frost er al, 1999). In addition, hyperinsulinaemia
has also been implicated us a risk factor for the development
of arteriosclerosis (Leeds, 2002), CVD (Frost ef af. 1999;
Leeds, 2002), diabetes (Willent er af. 2002), cancer
(McKeown-Fyssen, 1994; Giovannueei, 1995) and juvenile
myopia (Cordain et af. 2002).

Measurement of insulin response to foods, and the
introduction of an insulinaemic index concept (Holt et al,
1997) could be ol value in investigating health issues.
However, more data are necessary concerning potential
differences in GI and insulinaemic index between foods.
Moreover, an insulin index is lkely 1o be influenced by the
pathophysiological status of the test subject (Wolever ef al,
2004).

To date, most GI studies bave not measured  the
postprandial insulinaemic responses accompanying the
glycuemic responses of the test foods examined. However,
tor many CHO-rich Toods and pure CHO. there appears to
be a close correlation between glycaemic and insulinacmic
vesponses (Holt ef al. 1997; Englyst er . 2003). It should be
acknowledged though that certain foods produce higher
insulin responses than expected from their GI{Ostman er al.
2001). Especially, protein is known to induce a larger insulin
seeretion, when combined with CHO. Thus, to obtain more
data on glueose homeostasis of nutrient combinations,
insulin measurement may be desirable. In case of the Liter,
most olten venous blood will be needed 10 obtain hlood
samples that are large enough. Measurement of insulin in
small capillary samples or using arterialised blood using «
hand placed in a heat box is the method of ¢hoice but this
needs more sophisticated equipment and experience.

Recommendation. Tor routine uwse of the Gl method,
glucose measurement is enough and we do not recommend
o systematically measure the insulin level, When the
measurement ol insulin response in addition o 2lucose
response is of interest for other reasons, or when budget
linttations  do not play o role, we recommend  the
meuasurement of hoth for completeness.

Blood-sampling time schedule

What should be the optimal blood-sampling schedule?

Svientific: background.  Usually blood is sumpled in the
fasting state and at 15, 30, 45, 60, 90 and 120 min afler
starting 1o eat the test meal in individuals without diabetes,
And in subjects with diabetes, usually blood is obtained in
the fasting state (0) and at 30, 60, 90, 120, 150 and 150 min
alter starting to eat. Taking blood samples less frequent!ly
(sampling blood every 30 min instead of every 15 min) or for
less than 2 h in normal subjects significantly influences the
mean and variation of the resulting AUC (Wolever, 200:405).
The mean and variation of the resulting GI values also tend
to increase as the frequency and duration of blood sampling
decreases. “In addition, reduced frequency and duration of
blood sampling resulted in the development of statistically
signilicant correlitions between the mean AUC of the
reference food and the mean Gl of the test foods in the
difTerent subjects, a correlation which is not significant’
(Wolever, 20040}, The existence of a correlation between

p
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AUC and Gl indicates that GI is not adequately controlling
for differences in glycacmic response between subjects, and
hence that the GI varies in ditferent subjects. The Gl is
known 1o be a property of the food independent ol subject
characteristics. Therefore, methods that result in GI values
that do not control for differences in AUC  between
individuals cannot be considered 10 he valid,

Gannon & Nuttal (1987 analysed the effect on RGR of
altering the length of time over which blood samples were
taken from | 10 5h, RGR is defined as the net incremental
glucose AUC (see Fig. 1) alter a test meal expressed as a
percentage of the net arca alter 50 g glucose. The results are
not necessarily able to apply 1o the Gl because RGR is based
on calculating AUC using a different method than used for
determining GI (incremental AUC). For legumes, the RGR
markedly increased as the length of time of blood sampling
increased, This is presumably because, alter consuming
foods such as legumes, which are slowly digested and
absorbed, blood glucose concentrations wend to remain above
the fasting level for several hours, in contrast o the
consumption of glucose after which the blood glucose
concentrations undershoot the baseline, Thus, as the time
over which net AUC is caleulated is extended, positive area
accumulates for the legumes (e, net AUC becomes larger),
while negative arca accumulates for glucose (i.e. net AUC
becomes smaller), After sucrose, milk and [ructose, the RGR
markedly decreased as the length of time over which bload
was sampled increased, presumably because blood glucose
concentrations after these test meals undershot more than
after glucose. Tor starchy foads such as bread, oats and
potato, there was only a small effect of time of blood
sampling on RGR. Although an analysis to see if extending
the length of blood sampling beyond 2 h affects the G value
has not been performed, it seems probable that there may be
ellects, which may vary for dilferent types of foods,

Thus, adhering 1w a standardised schedule of bload
sampling with respect to both frequency and length of time is
likely to be important for obtaining valid and consistent Gl
alues. Analysing more than one baseline sample may
theoretically reduce the variability (more sampling) or

(a)

increase variability (baseline may Fall with time). In practice,
analysing data from nineteen subjects showed this 1o have
only a very small effect overall on the incremental AUC,

Recommendation.  We recommend the following blood
sampling schedule in subjects without diabetes: fusting ()
and at 15, 30, 45, 60, 90 and 120 min after starting o eat the
test meal.

Weashout period between two consecutive iests

What should be the duration of the washout period?

The food tested on a first session must not influence the
glycaemic response of the subject 1o the Tood tested on ithe
next session. Thus, making two fest sessions on twa
successive days, or with a washout period of 1 d, may not be
enaugh. But it seems that a washout period of 2d is enough.

In fact, the impact of the food tested on the metabolism of

the subject 2d later, if any, is negligible. Moreover, the
subject eats between the two sessions, and these meals have
more effeer on the next test than the portion st caten 2d
hefore,

Recommendation. There are no data to make any
recommendation at this stage. Therefore, we recommend
further research addressing this issoe,

Heow should the glveaemic index be cafcdated?

Which type of calculation of AUC should be applied?

Scientific backgronnd.  Many methods can be used o
caleulate AUC (Fig. 11), and since use of the different
methads can result in different G values (Table 23, this
should he standardised.

The methods mostly discussed are:

{1y ‘Total AUC;
(2} Incremental area untl Arst rewnrn o baseline (inere-
mental AUC,, )

(b}

{cl) {e)

Fig. 11. Dilferent methods to detormine area under the curve (AUC). (a), Tolal AUC, method 1, (b}, incremental AUC,,,, method 2; (c), incremental
AUC, melhod 3; (d}, incremental AUGC ..., method 4, (8), nel incremental AUC, method 5.
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Table 2. Evaluation of dilferent melhods of calculating area under lhe curve (AUC) for determining
glycaemic index (G} values of foods*

Method number

Mean Gl so of Gl Correlationt Agreement|
2 (Incremenlal AUC.,,) g2.4" 21.2 — 0112 (NS) +3.3 (5-1%)
3 (Incremental AUC) 628" 20-4 —0-139 (NS) -
4 (Incremenlal AUC ) 57.2" 20-6 ~0:430 (P = 0-003) 4130 (20.7 %)
5 {Nel incremental AUC) 64-3" 24.0 0140 (NS) ' 89 (14-25%)

“* Mean Gl values with unlike supersenpt lellers differ signilicantly.

* Data from fhive foods tesled in eighl 1o fen subjects in five different centres (1otal of tory-seven subjects). For the methods,
see Fig. 7 and Table 3.

I Correlation between mean G1 value for five foods in each subject and that subject’s mean AUC after oral glucose,

1 Limits of agreament according to Bland & Altman {1986} of the twenty-fiva mean Gl values {five foods, tive centres) for
each AUC method compared with those using the recommended method (opltion 3). Limits of agreement are 1-96 times
the sn of Ihe diference between the Gl values, i.e. the range within which 95 % of the diflarences wauld be expected to g,
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The value in parenthoses represents the limit of agreament axprossed as a percentage of the mean Gl valuo.

(3} The area over the baseline under the curve, ignoring
area beneath the curve (incremental AUCH;

(4)  Incremental area using the lowest blood glucose as the
baseline (incremental AUC,i.0;

{5y The net incremental AUC (apply trapezoid rule for all
increments posilive and negative) (net ingremental
AUC),

Method 1, wtal AUC, includes all the area under the
blood glucose response curve down to 1 Mood glucose
concentration of (0, Fasting glucose is independent of the
food consumed. Thus variations in ol AUC due to
variation in fasting glucose are not due 1o the test meal
constimed. In addition, the portion of 1wl AUC below
fasting glucose is independent of the 1est meal. The test meal
an only affect AUC above the fasting level (unless there is
an undershoot). Since the area above the fasting glucose
is only a small proportion of the 1otal AUC, total AUC is
insensitive Tor distinguishing between foods with dilferent
glucose-raising effects. For example, from Table 2, it can be

seen that incremental AUC accounted tor only 14 to 38 % ol

total AUC,

For methods 2, 4 and 5 there are insufficient data 1o make
any recommendation.

Method 3, incremental AUC, is the method recommended
by the Food and Agriculture Organization (1998), and the
method used for most caleulations of GLup to the present
time. Since use of different methods of calculiting AUC
results in dilTerent Gl values (Tables 2 and 3), one argument
for retaining this method is that adoption of a new method
might render all previous Gl values inaccurate. However,
this is not a satisfactory argument il the method is wrong,
This raises the question as to whether there is any objective
advantage of method 3 {incremental AUC) over methods
2 (incremental AUC.,), 4 (incremental AUC,,,) and
5 (net incremental AUC). Recently the performance

of some ol these and other methods ol caleulating

incremental AUC was compared using o datia-set of

five Toods tested in forty-seven normal subjects (Wolever,
20045) (Table 2).

GL values based on the use of incremental AUC,,,,
(method 4) and net incremental AUC (method 5) did not
agree well with those derived trom the recommended
method, and GI values based on incremental AUC,,,,,, were
significantly less than those from the recommended method
(Table 23, This in itsell does not mean that these methods
should not be used. However, Gl wvalues based on
incremental AUC, i, were significantly correlited with the
subjects” glycaemic response o the reference food (oral

glucose), sugpesting that this is not a good method of

determining Gl, since the GI values obtained depend on the
glucose tolerance status of the subject. In addition, the use
of incremental AUC,,,,, 1s not recommended beciuse the sb
of the GI values, 2440, is 18 9% greater than that tor the
recommended method. Incremental AUC,,, produced Gl
vilues which agreed well with the recomnmiended method,
but the sp of the GI values tended (o be greater than for the
recommended method, and although the difference was
small, it was present for cach of the five foods, and the
difference was statistically significant by paired ¢ test,

The length of the time period during which post-ingestion
testing 1% done, as well as subject characteristics, may play a
significant role. In certain subjects, foods with readily
available CHO, such as white bread, may induce a sharp and
rapid decline in blood glucose within the 120 min period,
and a hypoglycaemia in the late posiprandial phase. Thus,
the Gl of pasta products as caleulated from the 2h AUC in
healthy elderly men were not significantly different from the
white reference bread despite prominent dilferences in
course of glycaemia, with a low but sustained net increntent
in blood glucose following the pasta. The small glucose

Table 3. Areas under the curve {AUC) calculated in different ways (mmol x min/l)

WMethod Food Glug 1
1 Tatal AUC 654.2 819.4
, 2 AUC.., 92.2 3094
ar Incremental AUC 02.2 309.4
4 AUC i 173.0 3094
b Mel AUC 72.2 3094

Glue 2 Gluc 3 Mean glucose Gl
758-8 7851 787.8 83

91.0 264-3 2216 42
1470 264-3 240.2 38
1876 264.3 253-8 68
145-6 264-3 2398 30

Gluc, glucose measurement; G, glycaemic indax.
*Mathod shown on Fig. 12

-

S



162 [ Brouny ef al.

AUC following white bread was related to a substantially
higher insulin response. More studies are needed Lo evaluate
il the 2 h time period commonly used needs o be moditied
in certiain subjects (Granfeldt ef af. 1991).

Calewlation of glveaenic index

Haow should the ratio be caleulated?

Scienttfic backeronnd, Al present, a rato we shall call fir
is calculated Tor each subject where [ is an individual
subject’s incremental AUC after consuming the test fuod
and r is the incremental AUC for the same subject after
consuming the reference food. The individual values of [ir
are then averaged over all subjeets to give the Gl for the test
food. This method will be referred to as the mean of the
L0,

Another method would be to caleulate IR where Fis the
mean incremental AUC for a group of subjects after
consuming the test food and Ris the mean incremental AUC
for the same group of subjects after consuming the reference
food. This method is called the ratio of the means. Using
the same set of dati, these methods do not yield exactly the
same result (Wolever ef al. 2003), The advantage ol the
mean of the ratins method is that one can derive an error
term more easily, which allows the GI of different foeds to
be compared statistically. The disadvantage is that this may
require more tests (to repeat the reference food testing in
each subject).

Recommendation.  Whatever the remaining points still to
be clucidated, we recommend to caleulate AUC using the
incremental AUC (method 3), ignoring area under
the haseline. We recommend calculating GI as the mean
of the individual ratios. These calculations are explained in
detail below (please refer to Fig, 12 and Table 3).

Hustration and  fornndas, The general formula for
calculating AUC is as follows:

Assuming that at times to, ty, ... &, (here equalling 0, 15 ...
120 min, respectively), the blood glucose concentrations are
Go. Gy, ... G, respectively:

1

AUC = Zm,
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Fig. 12. Calculation of incremental area under the curve.

where Ax is the AUC for the xth time interval, and the xth
time interval is the interval between tmes 1, -y and L.
I'or the first time interval (e, x = 1):

il Gy = Gy, Ay = (Gy = Gp) X (1) — )2
otherwise, A, = (.

For other time intervals (ie. x = 1)

i G, =Gy and Gy = Gy, Ax = (((G, — Gyp)/2)
G, = GoW2) X (1, — M2

if G, =Gy and G, < Gy, Ax = (G, — G/
(Gy = G )Y X (1 — 1, W2, i
if G, <Gy and G,y = Gy, Ax = (G, — G/
oo G X e =~ Lo H2:

it G, < Gyand G, -y << Gy, Ax = (.

Application of the formula to the above-cited example
(incremental areas for segments 1-7):

1: A2x 15 =122 x 15 = 1830 mmal X min/l;
2(AR2 B XIS = (1224 T1U95)y X 15 = 3623
mmol X min/l;

3 (B2 CR2YyR 5 = (1195 4 385 » 15 = 2370
mmol X min/l;

4 (CHC = DY) X 1512 = (15934077 + 0:501) X 7:5 =
350 mmaol X min/l;

5 and 6: area below baseline not included, = 0

i (i"':!{]" = ) x 3042 = (0-109/0:33 4 0-06)) X 15 =
4-19 mmaol X min/l;

Incremental AUC = 1830 + 36:23 4 2370 -+ 359 +
4419 = E6-0.

Tables 4 and 5 show blood glucose concentrations and
illustrate the calculation of incremental AUC,

hrertaboratory valies and variation

How comparable are GI values measured Dby ditferent
luboratories?

Scientific boackgronnd.  Mean Gl ovalues measured  in
dilterent laboratories vary. Fig. 13 shows the distribulion
ol mean GI values reported tor several foods (Foster-Powell
ef al, 2002y By just looking at these data, it is difficult to
draw conclusions about whether the variation represents
methadological differences, true differences between foods
of similar description, or random variation. [tis also difficult
to determine the magnitude of true random variation of
mean GL values between dilferent laboratories, For some
foods, such as apple, lentils and brown bread, the
interlaboratory sp (the o of the mean Gl caleulated within
each laboratory) of the GI values is << 10, whereas Tor others,
such as potato, the interlaboratory sp of the mean values is
=20. An interlahoratory s of << 10 would likely be
acceptable becawse this would mean that the 95 % CI for any
Gl value would be < 20, Such a value is larger than ideal,
but does allow one 10 know with conlidence that the Gl
vilues of many low-Gl foods (for example, GI of
lentils = 28) will almost always have a lower Gl than
many high-Gl foods (for example, Gl ol bread = 717 when
determined by different laboratories using standardised and
correct methods, Towever, it the interlaboratory SD was
much over 10, then the CI formed by combining the mean

¢«
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Table 4. Bload glucose concentrations {(mmaol/l}

Time (min}

0 i} 30 45 60 90 120
Food 4.85 678 6-84 615 576 4-01 4.76
Gluc 1 4.25 521 7.84 7.68 732 6-91 6.97
Gluc 2 5-11 6-1 774 6-89 478 6-62 G. 11

Gluc 3 4.34 545 8-08 749 7.56 6-25 531

Glie, glucose measurement.

Table 5. llustration of calculation of incremental area under the curve with one set of blood glucaose
concentrations valuos

Time {min)
0 15 30 45 60 90 120
Concenlrations 3-67 611 6-08 4.44 317 3-61 4-00
Increment - 2-44 2.39 077 — (.50 —0-06 0-33
Increment label® A

G D E E

*See Fig, 12

Gl from each laboratory into an overall mean would become
50 larpe that it would be difficult to distinguish between
foods, and the GI would lose practical utility.

Recently an interlaboratory study was performed
estimate the between-laboratory variation of mean Gl values
(Wolever ef al. 2003). IUincluded live laboratories, which
used capillary blood sampling to determine the GI values
(glucose = 100) of four centrally provided foods and locally
obtained white bread (Fig. 14). The pooled interlaboratory
snof the Gl values for the five foods was approximately 9,

From this the probability of two laboratories obtaining Gl
vitlues for the same food within limits from 0 10 20 have
been caleulated as 1= 2N, where N equals the arca under the
normal distribution curve between —C and minus infinity,
where C = D/(sp X /2), where D is the GI difference and
sp s the interlaboratory sp (Fig. 15). With an inter-
laboratory sp of' 9, the chance of two laboratories obtaining
a GI value for the same food which differs by less than 13 is
about 76 % (i.e. a 24 % chance that the difference is greater
than 15), [l the interlaboratory sn could be decreased o 8, 7,
6 or 5, the chance of obuining a Gl difference of <215
mcreases o 82, 87, 92 and 97 %, respectively, With an
interlaboratory sp ol 9, there is o 95 % chunce that the
difTerence in GI value obtained for the same food in two
different luboratories is < 25. If the interlaboratory Sp were
decreased to 8,7, 6, or 5, the respective difference would fall
to 23, 20, 17 and 14, It should be noted that these
caleulations are based on exactly (wo laboratories, The
probability ol such ditferences between any two of a group
of laboratories will be higher.

Concluvion.,  When standardised methods are applied o
determining the GI (glucose = 100} of identical high-CHO
foods, the interlaboratory  spo ol Gl ovalues  is
approximately 9.

IHow to hanedle owtfier values?

The advantage in dealing with GI values is that by indexing
the individual glycaemic response to a stundard, the

variation that occurs due 1o several lactors, for example,
subject and food-related ones, the between-individual
variation is minimised (Wolever, 1990q). Checking the
data obtained for the individual subjects may sometinmes
revedl values that are implausible by comparison with the
rest ol the data from other subjects. Outliers are particularly
important because they can have considerable influence on
the results of a statistical analysis (Aliman, 1991, Outliers
could be due to incorrect subject preparation (for example,
non-fasting), inalytical error, or errors in data calculation. [n
the absence of errors, an outlier could be due to an
unrepresentative response (o the standard or test food or 1o
the subject having a true idiosyncratic response. An
unrepresentative response to the standard food 15 suspected
il the subject’s GI values for other test foods ure also outliers
in the same direction, or if there is large variability for the
repeated standard tests (Wolever e af. 19913, I outliers are
excluded, this fuct should be stued, and the results including
the outlying point(s) should be given along with the position
af the outlying point(s) in relation to the rest of the duta,
i.e. number of $p from the mean (including the outlier(s)).
This will allow others to assess the impact of removing the
outlier(s) on the results and conclusions and to form an
opinion of the reasonableness of excluding the outlier(s).

Recommendarion.  There is no general advice or rule in
statistical analysis to exclude outlying data from  the
complete data-set. Nevertheless, if an outlying value does
not scem 1o he plausible or il any mistake in determining
this data point is evident. this value could be regarded as
suspicious and removed from the data-set (Altman, 1991),
Therefore, under certain circumstances and for reasons ol
practicability an outlier could be removed from the data-set
without reassessment of that particular Gl value.

Glveaemic index of mixed meals

What is the impuct of measurement in the context of mixed
meals? Can we measure the GL ol a meal (composed off
different foods)?
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Fig. 13. Distribution of mean glycaemic index values
{glucose = 100} of seven foods reported in the literature. (a), Apple,
79, mean 37-4 {sp 5-1); (b), banana, A 10, mean 51-7 (5D 11.2);
{c}, lentils, n9, mean 27.6 (50 6-1); (d), kidney beans, n 11, mean 34-2
{sp 16:9); {e), potato, n 27, mean 65-2 {sv 20-8): {f), sucrose, n 10,
mean 68.1 {sn 16:3); (g}, brown bread, n 13, mean 705 (51 8.4).

Scientific backgromnd.  Tn general, foods are not eaten alone
but in the context of a meal. This leads Lo two questions:

{1y Doesatood have the same Gl when eaten alone or during
ameal?

(2) Cuan we predict the GI of'a meal by the Gl ot the different
foods consumed within the meal, or, in another way, can
we predict the glucose response to a meal by the glucose
responses Lo (the different components within this meal?
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Fig. 14. Distribulion of glycacmic index (Gl) values (glucose = 100)
of four cenlrally provided foads and while bread detormined by five
experienced laboratories using slandardised methodology.
(a), Pearled barley, moan 35-5 (so 8-2); (b), spaghelti, mean 47.7
(5D 12.-6); {c}, rice, mean 68-5 {sp 12-2); (d). white bread, mean 71.2
{sp 7.3); (e}, instant potato, mean 91-2 (so 4-8).

First of all, the Gl of a single food is dependent on the
composition of this food. Actually, different elements can
alTect the G of a food, snch as the presence of fat (Collier &
O'Dea, 1983), the presence of protein {(Granfeldt er al.
1991, the presence ol some anti-nutrients {(Thorne et «f.
1983), and acidity or the presence of acidic compounds
(Liljicherg et al. 1995; Liljeberg & Bjorck, 1996, 1998).
Moreover, other lactors linked to the quality and the
quantity ol CHO present in the food can also alfect its Gl
(see also Table 1), When a food is included imo a meal, the
glucose response per se to this meal will not be the same as
the glucose response to the single food, Indeed, the other
macronutrients  (fat, protein, CHO and other nutrients)
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Fig. 15. Eflect of changes in interlaboratory sp on the probability that
lhe difference in glycaemic index (Gl (glucose = 100} for lhe same
food tosted in two different laboratories on one occasion {with n8-10
subjects) is less than or equal 1o 0 1o 20.

provided by the co-ingested foads have an influence on both
glucose and insulin responses,

However, it remiins the quality and the quantity of CHO
that determine the glucose response to the meal (Wolever &
Bolognesi, 19960). A study evaluated the glucose response
1o six starch-rich foods with varying GI (beans, lentils, rice,
spaghetti, potato and bread) either tested alone or in mixed
meals (Bornet er al. 1987). All 1ests contained 30g CHO,
and meals were adjusted to bring the same amount of fat,
protein, water and energy, but not the same amount ol tihres,
The study demonstrated that, in respect 1o glucose-raising
patential, the hierarchy between foods tested alone (Gl
testing) was respected once the same foods were tested in
these meals. This means that the Gl concept remains
discriminating in the context of a meal (Bornet ef ¢l T987).

Concerning the glycaemic response o a meal, several
authors agree that this can be predicted by the GI of each
food composing this meal (Collier er af. 1986; Wolever &
Jenkins, 1986; Chew ef al. 1988), whereas others think such
a prediction is not justified (Coulston e al. 1987), this even
though some of their results seem to differ from their
conclusions, as commented in Augustin et al. (2002),

Very recently Flint ef «f. (2004 published data on thirteen
breakTast meals and a control meal of dilfering composition.
In their study they could not show that the GI of mixed
breaklast meals, as caleulated by using GI wable values,
correlated with the GI as measured in vivo, A stronger
relationship was observed for either fat or protein or energy
content than for CHO alone, These results are not
unexpected because, although the test meals contained
50 g available CHO, there was a large range ol fa (3—42 g),
protein (5-28 g) and energy (1130-2990 k). In the Tuce of
such large differences in fut and protein, nutrients, which
are known 1o influence glucose and insulin responses

Table 6. Breakfast

(Nuttall er erd. 1985; Lrcan er al. 1994), it is expected that Gl
of the meal components alone would not predict glycaemic
responses. Another problem 15 that Flint er af. (200:4)
determined meal Gl based on food GI values obtained from
the international table of GI (Foster-Powell & Brand-Miller,
1995y and 1t 15 not clear whether the correet Gl values were
ascribed to the fomds used. For example, Finnish and
German breads are ascribed a Gl value of 92 (white
bread = 100) based on entries 45 10 54 in the ble, which
are for rye breads with a range of GI values from 5810 123;
of these fen different breads, only one actually was a
German bread and it had a GI value of 38 (Schauberger ef of.
1978). The value used for oatmenl, entries 116 and 117, are

not for oat meal but for raw oat bran (high-fibre extract of

aats), ete. Accordingly, the data presented in the puper hy
Flint et af. (2004} are difficult to interpret and render the
conclusions ol these authors that in general the Gl of mixed
meals can not be predicred invalid, Instead, available
evidence indicates that GI values of composite high-CHO
meals can be predicted well based on the meul components,

Reconmendations.  We recommend caleulating the Gl ot a
meal from the separately measured Gl ool the individual
foods. For most accurale prediction, and particularly in
studies testing the utility of the GI in mixed meals, the Gl

values of the individual foods should be measured ruther

than estimated from Gl tables,

Examples for the caleulation of the glyeaemic index of

mived iealy,  Tables 6 and 7 show the contribution o meal
Gl of breakfast and lunch foods.

Glueose analysiy

What is the standard method of measurement of glucose
concentration in hody fluids used in GI determinations?

Ghicose concentration can be determined by enzymic
methods such as used normally in blood gluco-meters (used
for diabetics) or enzymic determination in plasmia samples.
However, different methoads for the measurement of glucose
may differ in their precision.

Recommendation.  The precision ol the method chosen
should be evaluated. Ideally, methods with a CV == 346
should not be used for scientific purpose, Glucose methods
should return 98 % ol a glucose spike to be acceptable.
The precision and accuracy of the method chosen should
be evaluated. Methods Tor glucose estimation with 4
CV = 3% will introduce significant analytical variation
into the measurement of Gl Accuracy may be estinted
trom the recovery of added glicose (a ‘glicose spike’) and

Mixaed meal CHO (g)
Breakfast biscuits (50g) 36
Milk -I- chocolate powder (250 mil) 30
One banana 25
Totals a1

Contritwition
Total CHO (%) Gl 10 meal Gl

40 52 409 x 52 = 21

33 38 A% x3B =13

27 58 27 % X 58 = 16
100 Meal Gl = 50

CHO, carbohydrale; GI, glycaemic index.
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Tahle 7. Lunch

Mixed meal CHO {0}
Beelroots {100g) 9
Mashed potatoes (1504q) 20
Beefsleak (125g) 0
Yoghurt (1259) 6
Cne apple 16
Tolals 51

Total CHO (%) Gl

Contribution
1o meal Gl

18% x 64 =12

18 64

39 a5 39°% % 85 =33
0 0 0

12 a6 12% =% 36 — 4
31 32 31% %32 =10

100 Meal GI = 59

CHO, carbohydrale; Gl, glycaemic index.

this should be 1002 % in order not to render the GI
measurement potentially inaccurate.

Concelusions

Based on the currently available science described in the
present review, the following conclusions and recommen-
dations are made:

(1) At least ten test subjects should be tested to obtain a
sulficient statstical power;

(2} Inclusion of both sexes in a study is acceptable;

(3 For Gl measurement the CHO portion should be hased
on available CHO;

() A test dose of 50 g available CHO is recommended;

(5) For foods with o low CHO content it is justilied 10
lower the test dose to 25 g,

(6) The reference food should be measured at least twice,

(7y The use of healthy human volunteers is recommended;

(8) Fluid ingestion, 250 ml, should take place within
S—10min;

(9) Solids and semi-solids ingestion within 10-15min;

(10) Glucose or white bread are recommended as reference
foods;

(113 The evening belore a test each subject shonld consume
a meal of choice and repeat that meul before each
subscquent test, Unusual vigorous physical detivity
should be avoided;

{12y Test foods should be randomised in blocks of maximal 6;

(13 The toal duration ol the tests should not exceed < months;

(14) In the case of testing multiple foods, a reference test
should he done at the beginning and a repetition should
take place alter every 6-8 weeks;

(15) Glucose measurement alone is appropriate;

(16) For more mechanistic and/or metabolic studies,
measurement of both glucose and insulin 15 rec-
ommended;

(17) Blood sampling times should be at Omin (baseline
sample), lollowed by 15, 30, 45, 60,90 and 120 min alter
slarting to eat the test meal;

(18) AUC caleulation should be based on incremental AUC,
ignoring arca under the baseline:

(19) It is recommended to caleulate GI as the mean of the
individual ratios.

Future research and development divections

Some important directions for future rescarch concerning
the measurement of GI can be given,

Not encugh data exist to determine exactly how many
repeals of o reference food test should be done.

Are mean and variation of GI data comparable in:

() Insulin sensitive @ insulin resistant non-diaherny
subjects?

(b Obese, overweight and lean subjects?

(¢) Normal children @ normal adulis?

(dy Various cthnic groups®

(e) Different age states — children, middle-aged. elderly?

(f) Type | or 2 diabetes?

Arecomniendation was given to use atest dose not smaller
than 25 g. What is the effect ol doses of less than 25 p. what is
the lowest possible dose o still get reliable duta?

A recommendation was given 1o test in the morning after
an overnight fast. Do other test times of the day lead to
different results, and which is most representative of a long-
term health impact?

Does the addition of significant amounts of RS to foods
have an impact on GI?

Does u reduction of glycaemic response through a
reduction of available CHO, while maintaining total CHO
{available -+ all non-available CHOY lead to metabolic and
health effects that are similar or different 1o those observed
alter intake of equal amounts of available CHO that differ in
GI17? (This question is currently being addressed in another
11L.SI Europe, Carbohydrates Task Foree’ initiative.)

Studies that address the long-term health impact of Gl
and other measures of reducing the glycaemia of foods

should be evaluated in order to deline which mode of

expression of the glycaemic concept is capible ol meeting
regulatory needs in regard of lubelling enforcement, il any.

Basically there are not a large number of high-CHO foods
and drinks on the current market that result in o low
glyciaemic response after consumption. When considering,
the narrow and high range of glycaemic response that 1s
characteristic of the current Western diet, the potential
benelits observed with a “low-GI diet” may imply that,

provided consumers could have access to an extended list of

low-GI foads, the benefits could be magnified, Accordingly,
the development and manulacturing of “high-CHO but fow-
G foods may be desired for health purposes.
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