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DIRECCION DE NUEVAS CREACIONES | T:’F =T
PROCEDIMIENTO ACELERADO DE EXAMENES DE PATENTE (PPH)

1 | NOMERO DE SOLICITUD ANTE LA SIC 13 - 282.403

2 | OFICINA DE PRIMERA PRESENTACION (OPP) | ESTADOS UNIDOS DE AMERICA

NUMERO(S) DE SOLICITUD O PUBLICACION | - US 13/154,381

DE LA(S) SOLICITUD(ES) (OPP): 2

4 | [ REPRESENTANTE LEGAL X APODERADO

APELLIDOS NOMBRES IDENTIFICACION
DELGADO VILLEGAS JAIME EDUARDO C.C.19.270.955  TP.43.308 C.S.J.
DIRECCION Avda. Carrera 24 No. 37 - 31 Of. 202 No. TELEFONO 2444096
CIUDAD BOGOTAD.C. : CORREO ELECTRONICO  mde@mdelaw.com
" No. RADICACION O
PAiS COLOMBIA ! PROTOCOLO DE PODER
' GENERAL

5 | CONDICIONES PARA ACCEDER A ES?TE PROCESO:

5.1. DATOS DE PRIORIDAD &I si -CONO

(33) PAIS DE ORIGEN : CODIGO PAIS (31) NUMERO (32) FECHA (AAAA/MMIDD)
1. ESTADOS UNIDOS DE AMERICA : uUs 2012/0309946 A1 06-12-2012
2. :

5.2. DATOS SOLICITUD INTERNACIONAL PCT []SI []NO

Solicitud Internacional No. PCT/EP2012/055425 Fecha 27/03/2012
Publicacién Internacional No.  WQ02012/167963 Fecha 13/12/2012

El solicitante presenta una copia de la(s) reivindicacién(es) patentable(s) u otorgable(s) de la solicitud de la Oficina de
Primera Presentacion que profirio el examen de patentabilidad, junto con una traduccién al castellano. [X] SI [ NO

REQUISITOS PARA EL RECONOCIMIENTO DE LOS RESULTADOS DE EXAMENES DE PATENTABILIDAD
EFECTUADOS A SOLICITUDES EXTRANJERAS

Para que la Superintendencia de Industria y;.'Comercio pueda reconocer los resultados de examenes de patentabilidad
producidos por otras Oficinas de Propiedad Industrial se debe cumplir con las siguientes condiciones:

(a) Al momento de solicitar-el examen de patentabilidad, si el solicitante pide que se reconozcan examenes de patentabilidad
de otras oficinas extranjeras, debera aportar junto con el pago de la tasa correspondiente, los siguientes anexos:

(i) Copia de las resoluciones, fallos o decisiones que han sido relevantes para la determinacién de la patentabilidad de la(s)
solicitud(es) en la Oficina que haya proferido:el examen de patentabilidad que contienen reivindicaciones patentables u
otorgables que son la base de [a peticion, y si es del caso, su traduccion al castellano. Ksi [INO

(i) Copia de todas las reivindicaciones determinadas como patentables u otorgables en la Oficina que profirio el examen de
patentabilidad y, si es del caso, su traduccién ai castellano. Xsi [INO

(iii) Copia de los antecedentes, informacioén o documentos citados por el examinador de la Oficina de Primera Presentacion
del examen de patentabilidad, en las resoluciones, fallos o decisiones correspondientes, incluyendo la literatura no patente.
Los documentos de patente deberan presentarse siempre y cuando no estén disponibles para la Superintendencia de
Industria y Comercio mediante el simple acceso a bases de datos gratuitas. Xisi [NO

(iv) Una tabla de correspondencias de las reivi}mdicaciones que han sido determinadas como patentables u otorgables en la

solicitud de la Oficina que haya proferldo el examen de patentabllldad
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TABLA DE CORRESPONDENCIA DE REIVINDICACIONES

REIVINDICACIONES RADICADAS EN FASE
NACIONAL SOLICITUD EN COLOMBIA
ORIGINALES

REIVINDICACIONES OTORGABLES EN LA
SOLICITUD INTERNACIONAL
US 8.592.575

REIVINDICACIONES MODIFICADAS PARA
EXAMEN PATENTABILIDAD

EXPLICACION SOBRE LA i
SUFICIENTE CORRESPONDENCIA O
COMENTARIOS QUE EXPLICAN LA
CORRESPONDENCIA

1. Un procedimiento para extraer pectina que tiene
un grado elevado de polimerizacién, que
comprende;

Anadir acido oxalico y/o oxalato hidrosoluble a
una suspension acuosa de una piel en una.
cantidad suficiente para proporcionar una mezcla
que tenga un pH de entre 3,0 y 3,6 y una
molaridad total de oxalato superior a la molaridad
total del calcio (11);

calentar la mezcla hasta una temperatura de
aproximadamente 50 a aproximadamente 80°C
durante un tiempo suficiente para extraer una
pectina; y

separar la pectina extraida de la mezcla
precipitando la pectina extraida de la mezcla, en
el que la pectina extraida tiene un grado de
esterificacion (DE) de al menos 72 y un elevado
grado de polimerizacion caracterizado por una
viscosidad intrinseca superior a
aproximadamente 6,5 dl/g.

. Un procedimiento para extraer pectina que tiene un

grado elevado de polimerizacién, que comprende:
afadir acido oxalico y/o oxalato hidrosoluble a una
suspension acuosa de una piel en una cantidad
suficiente para proporcionar una mezcla que tenga
un pH de entre 3,0 y 3,6 y una molaridad total de
oxalato superior a la molaridad total del calcio (il)
en la piel;
calentar la mezcla hasta una temperatura de
_.aproximadamente 50 a. aproximadamente 80°C
durante un tiempo suficiente para extraer una
pectina; y
separar la pectina extraida de la mezcla
precipitando la pectina extraida de la mezcla, en el
que la pectina extraida tiene un grado de
esterificacion (GE) de al menos 72 y un elevado
grado de polimerizacién caracterizado por una
viscosidad intrinseca superior a aproximadamente
6,5 dl/g.

1. Un procedimiento para extraer pectina que tiene un

grado elevado de polimerizacién, que comprende:
afadir acido oxalico y/o oxalato hidrosoluble a una
suspension acuosa de una piel en una cantidad
suficiente para proporcionar una mezcla que tenga
un pH de entre 3,0 y 3,6 y una molaridad total de
oxalato superior a la molaridad total de! calcio (Il)
en la piel;

calentar la mezcla hasta una temperatura de

. aproximadamente 50 a .aproximadamente 80°C.

durante un tiempo suficiente para extraer una
pectina; y

separar la pectina extraida de la mezcla
precipitando la pectina extraida de la mezcla, en el
que la pectina extraida tiene un grado de
esterificacion (GE) de al menos 72 y un elevado
grado de polimerizacién caracterizado por una
viscosidad intrinseca superior a aproximadamente
6,5 dl/g.

La Reivindicacion 1 original No incluye
“en la piel” después de “molaridad
total del calcio (Il)”

2. El procedimiento de acuerdo con la reivindicacion
2, en el que el pH de la mezcla antes de separar
la pectina extraida de la mezcla esta entre 3,1y
3.4.

. El procedimiento de acuerdo con la reivindicacion

1, en el que el pH de la mezcla antes de separar la
pectina extraida de la mezcla esta entre 3,1 y 3,4.

. El procedimiento de acuerdo con la reivindicacién

1, en el que el pH de la mezcla antes de separar la
pectina extraida de la mezcla esta entre 3,1y 3,4.

Reivindicacion igual

3. El procedimiento de acuerdo con la reivindicacion
2, en el que la mezcla se calienta hasta una
temperatura de aproximadamente 70 a
aproximadamente 80°C durante la separacién de
la pectina extraida.

El procedimiento de acuerdo con la reivindicacion
2, en el que la mezcla se calienta hasta una
temperatura de  aproximadamente 70 a
aproximadamente 80°C durante la separacion de la
pectina extraida.

. El procedimiento de acuerdo con la reivindicacién

2, en el que la mezcla se calienta hasta una
temperatura de aproximadamente 70 a
aproximadamente 80°C durante la separacién de la
pectina extraida.

Reivindicacién igual

4. El procedimiento de acuerdo con la reivindicacion
1, que comprende ademas filtrar la mezcla para
eliminar ios solidos insolubles después de extraer
la pectina y antes de separar la pectina extraida.

El procedimiento de acuerdo con la reivindicacion
1, que comprende ademas filtrar la mezcla para
eliminar los sélidos insolubles después de extraer
la pectina y antes de separar la pectina extraida.

. El procedimiento de acuerdo con la reivindicacion

1, que comprende ademas filtrar la mezcla para
eliminar los sélidos insolubles después de extraer
la pectina y antes de separar la pectina extraida.

Reivindicacion igual
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10, en el que el producto del rendimiento por piel
y la viscosidad intrinseca es superior a
aproximadamente 165% dl/g.

10, en el que el producto del rendimiento por piel y
la viscosidad intrinseca es superior a
aproximadamente 165% dl/g.

5. El procedimiento de acuerdo con la reivindicacién . El procedimiento de acuerdo con la reivindicacién 5. El procedimiento de acuerdo con la reivindicacion Reivindicacién igual
1, que comprende ademas poner en contacto la 1, que comprende ademas poner en contacto la 1, que comprende ademas poner en contacto la
mezcla que contiene la pectina extraida con una mezcla que contiene la pectina extraida con una mezcla que contiene la pectina extraida con una
resina de intercambio idnico antes de separar la resina de intercambio iénico antes de separar la resina de intercambio i6nico antes de separar la
pectina extraida. pectina extraida. pectina extraida.
6. El procedimiento de acuerdo con la reivindicacion | 6. El procedimiento de acuerdo con la reivindicacién B. E! procedimiento de acuerdo con la reivindicacién Reivindicacion modificada
5, en el que la resina de intercambio i6nico 5, en el que la resina de intercambio idnico 5, en el que la resina de intercambio i6nico
comprende una resina de intercambio catidnico comprende una resina de intercambio cationico comprende una resina de intercambio catidnico
seleccionada del grupo que consiste en que eficaz para eliminar residuos de oxalato, residuos eficaz para eliminar residuos de oxalato, residuos
Lewatit® S1668, Lewatit® S1468, Purolite® de calcio o combinaciones de los mismos de la de calcio o combinaciones de los mismos de la
C100E, y Amberlite® SR1L Na. pectina extraida. pectina extraida.
7. El procedimiento de acuerdo con la reivindicacion | 7. El procedimiento de acuerdo con la reivindicacion | 7. El procedimiento de acuerdo con la reivindicacién Reivindicacién igual
5, en el que la pectina extraida tiene un 5, en el que la pectina extraida tiene un contenido 5, en el que la pectina extraida tiene un contenido
contenido en oxalato total inferior a 2,0 mg por 1 en oxalato total inferior a 2,0 mg por 1 g de en oxalato total inferior a 2,0 mg por 1 g de
g de pectina.. . pectina. pectina,
8. El procedimiento de acuerdo con la reivindicacion | 8. El procedimiento de acuerdo con la reivindicacion | 8. El procedimiento de acuerdo con la reivindicacién Reivindicacién igual
5, en el que la pectina extraida tiene un 5, en el que la pectina extraida tiene un contenido 5, en el que la pectina extraida tiene un contenido
contenido en calcio total inferior a 1 mg /g. en calcio total inferior a 1 mg /g. en calcio total inferior a 1 mg /g.
9. El procedimiento de acuerdo con la reivindicacion | 9. El procedimiento de acuerdo con la reivindicaciéon | 9. El procedimiento de acuerdo con la reivindicaciéon Reivindicacién igual
1, que ademas comprende una o mas de las 1, que ademas comprende una o mas de las 1, que ademas comprende una o mas de las
etapas de lavado, prensado, desecacién y etapas de lavado, prensado, desecacidn vy etapas de lavado, prensado, desecacion y
molturacién de la pectina extraida después de molturacién de la pectina extraida después de molturaciéon de la pectina extraida después de
separar la pectina extraida para obtener un separar la pectina extraida para obtener un separar la pectina extraida para obtener un
producto final de pectina. producto final de pectina. producto final de pectina.
10.El procedimiento de acuerdo con la reivindicacién |10. El procedimiento de acuerdo con la reivindicaciéon [10. El procedimiento de acuerdo con la reivindicacion Reivindicacion modificada
1, en el que el rendimiento por piel (Yp) es 1, en el que el rendimiento por piel (Yp) es superior 1, en el que el rendimiento por piel (Yp) es superior
superior a aproximadamente 23 %, en el que Yp a aproximadamente 23 %, en el que Yp = 0,1 a aproximadamente 23 %, en el que Yp = 0,1
= 0,-ys-MMWp e ys es el rendimiento de la *yS*M/MWp e ys es el rendimiento de la solucién *'yS*M/Wp e ys es el rendimiento de la solucidén
solucién (extracto liquido) en g/kg, M es la masa (extracto liquido) en g/kg, M es la masa total de la (extracto liquido) en g/kg, M es la masa total de la
total de la mezcla antes de separar la pectina mezcla antes de separar la pectina extraida, y Wp mezcla antes de separar la pectina extraida, y Wep
extraida, y Wr es el peso de la piel usada en la es el peso de la piel usada en la suspensién es el peso de la piel usada en la suspension
suspensién acuosa. acuosa. acuosa.
11.El procedimiento de acuerdo con la reivindicacion |11. El procedimiento de acuerdo con la reivindicacion |11. El procedimiento de acuerdo con la reivindicacion Reivindicacion igual

10, en el que el producto del rendimiento por piel y
la viscosidad intrinseca es  superior a
aproximadamente 165% di/g.
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12.El procedimiento de acuerdo con la reivindicacion
1, en el que la pectina extraida tiene un grado de
esterificacion (DE) de al menos 75.

12. El procedimiento de acuerdo con la reivindicacion
1, en el que la pectina extraida tiene un grado de
esterificacion (GE) de al menos 75.

12. El procedimiento de acuerdo con la reivindicacion
1, en el que la pectina extraida tiene un grado de
esterificacion (GE) de al menos 75.

Reivindicacion igual

13.El procedimiento de acuerdo con la reivindicacion
1, en el que la pectina extraida tiene una
viscosidad intrinseca (V1) de al menos 7,8 dl/g.

13. El procedimiento de acuerdo con la reivindicacién
1, en el que la pectina extraida tiene una
viscosidad intrinseca (V1) de al menos 7,8 dl/g.

13. El procedimiento de acuerdo con la reivindicacion
1, en el que la pectina extraida tiene una
viscosidad intrinseca (V1) de al menos 7,8 di/g.

Reivindicacion igual

14.EI procedimiento de acuerdo con la reivindicacion
1, en el que la pectina extraida tiene una
viscosidad intrinseca (VI) de al menos 8,5 di/g.

14.El procedimiento de acuerdo con la reivindicacién
1, en el que la pectina extraida tiene una
viscosidad intrinseca (V1) de al menos 8,5 di/g.

14.El procedimiento de acuerdo con la reivindicacion
1, en el que la pectina extraida tiene una
viscosidad intrinseca (VI) de al menos 8,5 dlI/g.

Reivindicacion igual

15. Una pectina producida por el procedimiento de la
reivindicacion 1, en la que la pectina tiene un
grado de esterificacion de al menos 75% y una

. viscosidad intrinseca de al menos 6,0 dl/g.

15. Un procedimiento para extraer pectina que tiene
un grado elevado de polimerizacion, que consiste
esencialmente en:

afadir acido oxalico y/o oxalato hidrosoluble a una.

suspensién acuosa de una piel en una cantidad
suficiente para proporcionar una mezcla que tenga
un pH de entre 3,0 y 3,6 y una molaridad total de
oxalato superior a la molaridad total del calcio (Il)
en la piel;

calentar la mezcla hasta una temperatura de
aproximadamente 50 a aproximadamente 80°C
durante un tiempo suficiente para extraer una
pectina;

opcionalmente filtrar la mezcla para eliminar los
sélidos insolubles;

poner en contacto la mezcla que contiene la
pectina extraida con una resina de intercambio
catidnico; y

separar la pectina extraida de la mezcla
precipitando la pectina extraida de la mezcla, para
obtener un rendimiento por piel (Yp) es superior a
aproximadamente 23 %, en el que Yp =
0,1.yS*M/WP e yS es el rendimiento de la solucién
(extracto liquido) en g/kg, M es la masa total de la
mezcla antes de separar la pectina extraida, y WP
es el peso de la piel usada en la suspension
acuosa;

en el que la pectina extraida se tiene un grado de
esterificacion (GE) de al menos 72 y un grado de
polimerizacién alto caracteriza por una viscosidad
intrinseca superior a aproximadamente 6,5 di/g.

15. Un procedimiento para extraer pectina que tiene
un grado elevado de polimerizacién, que consiste
esencialmente en:

..anadir acido oxalico y/o oxalato hidrosoluble .a una
suspensién acuosa de una piel en una cantidad
suficiente para proporcionar una mezcla que tenga
un pH de entre 3,0 y 3,6 y una molaridad total de
oxalato superior a la molaridad total del calcio (II)
en la piel;
calentar la mezcla hasta una temperatura de
aproximadamente 50 a aproximadamente 80°C
durante un tiempo suficiente para extraer una
pectina;
opcionalmente filtrar la mezcla para eliminar los
solidos insolubles;
poner en contacto la mezcla que contiene la
pectina extraida con una resina de intercambio
cationico; y
separar la pectina extraida de la mezcla
precipitando la pectina extraida de la mezcla, para
obtener un rendimiento por piel (Yp) es superior a
aproximadamente 23 %, en el que Yp =
0,1-yS*M/WP e yS es el rendimiento de la solucién
(extracto liquido) en g/kg, M es la masa total de la
mezcla antes de separar la pectina extraida, y WP
es el peso de la piel usada en la suspension
acuosa;
en el que la pectina extraida se tiene un grado de
esterificacion (GE) de al menos 72 y un grado de
polimerizacion alto caracteriza por una viscosidad
intrinseca superior a aproximadamente 6,5 di/g.

Reivindicacion eliminada

P102-F20 VrO (2013-05-09)



16. La pectina de la reivindicacién 15, que tiene un
grado de esterificacién de al menos 76.

16. El procedimiento de acuerdo con la reivindicacion
15, en el que la pectina extraida tiene un
contenido en oxalato total inferior a 2,0 mg por 1 g
de pectina.

16. El procedimiento de acuerdo con la reivindicacién
15, en el que la pectina extraida tiene un
contenido en oxalato total inferior a 2,0 mg por 1 g
de pectina.

Reivindicacién eliminada

17. La pectina de la reivindicacién 15, que tiene un
grado de esterificacion de al menos 78.

17.El procedimiento de acuerdo con la reivindicacién
15, en el que la pectina extraida tiene un contenido
en calcio total inferior a 1 mg /g.

17. El procedimiento de acuerdo con la reivindicacion
15, en el que la pectina extraida tiene un contenido
en calcio total inferior a 1 mg /g.

Reivindicacion eliminada

18. La pectina de la reivindicacién 15, que tiene una
viscosidad intrinseca de al menos 6,5 dl/g.

18. El procedimiento de la reivindicacion 15, en el que
el tiempo suficiente es de aproximadamente 1 hora
a aproximadamente 3 horas.

18. El procedimiento de la reivindicacion 15, en el que
el tiempo suficiente es de aproximadamente 1 hora
a aproximadamente 3 horas.

Reivindicacién eliminada

19. La pectina de la reivindicacion 15, que tiene una
viscosidad intrinseca de al menos 7,5 dli/g.

19. El procedimiento de acuerdo con la reivindicacion
15, en el que la pectina extraida tiene un grado de
esterificacion (GE) de al menos 75.

19. El procedimiento de acuerdo con la reivindicacidén
15, en el que la pectina extraida tiene un grado de
esteriﬁcacién (GE) de al menos 75. N

Reivindicacion eliminada

20. La pectina de la reivindicacién 15, que tiene una
viscosidad intrinseca de al menos 8,0 di/g.

20. El procedimiento de acuerdo con la reivindicacién
15, en el que la pectina extraida tiene una

viscosidad intrinseca (VI) de al menos 7,8 di/g.

20. El procedimiento de acuerdo con la reivindicacion
15, en el que la pectina extraida tiene una

viscosidad intrinseca (VI) de al menos 7,8 dl/g.

Reivindicacion eliminada
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% OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS UNIDOS

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
Oficina de Patentes y Marcas de los Estados Unidos
Direcciéon: COMISIONADO DE PATENTES

P.O Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

N° SOLICITUD FECHA DE EMISION PATENTE N° | N°DE EXPEDIENTE DEL MANDATARIO { N° DE CONFIRMACION

13/154.381 26/11/2013 8592575 10-501 (29776-0070) 1910

62488 7590 06/11/2013
CP Kelco US, INC

c/o Pete Pappas, Sutherland, Asbill & Brennan LLP
999 Peachtree Street, NE

SUITE 2300

ATLANTA, GA 30309-3996

NOTIFICACION DE CONCESION
El nimero previsto de patente y la fecha de concesion son las arriba indicadas.

Resolucion sobre ajuste del plazo de proteccion de patente con arreglo ala U.S.C. 35154 (b)
(Solicitud presentada el dia o con posterioridad al dia 29 de mayo de 2000)

El ajuste del plazo de la patente es de 111 dia(s). Cualquier patente que se haya de emitir a partir de la
solicitud arriba identificada incluira una indicacién de dicho ajuste en su pagina de portada. -

Si se ha presentado alguna solicitud de continuacion (CPA, por sus siglas en inglés) en la solicitud arriba
identificada, la fecha de presentacion que determina el ajuste del plazo de la patente es la fecha de
presentacion del CPA mas reciente.

El solicitante podra obtener mas informacion en detalle accediendo al sitio web PAIR de recuperacion de
informacion -sobre solicitudes de patente (PAIR, Patent Application Information Retrieval) en
http://pair.uspto.gov.

Cualquier pregunta relativa a la ampliacion del plazo de la patente o a la resolucion sobre el ajuste de plazo
debera dirigirse a la Oficina de Administracion Legal de Patentes, disponible en el numero:
(571)-272-7702. Las preguntas relativas al abono de tarifas por la emision y publicacién de patentes
deberan dirigirse a la Unidad de Ayuda a Solicitudes (AAU, Application Assistance Unif) de la Oficina de
Gestién de Datos (ODM, Office of Data Management) disponible en el numero: (571)-272-4200.

SOLICITANTE(S) (Por favor, consulte el sitio web PAIR http://pair.uspto.gov si desea anadlr solicitantes
adicionales):

Seren Vodstrup Jensen, Lille Skensved, DINAMARCA,
Susanne Oxenbell Serensen, Vallensbak Strand, DINAMARCA,
Claus Rolin, Koege, DINAMARCA,;

Los Estados Unidos representan el mercado mas grande y dinamico del mundo y ofrecen una ubicacién sin
igual, ideal para la inversidn, innovacién y comercializacion de nuevas tecnologias. EE.UU. ofrece
impresionantes recursos y ventajas para quienes invierten y fabrican productos aqui. A través de
SelectUSA, nuestra nacion se esfuerza por atraer y fomentar la inversion empresarial. Si desea saber mas
acerca de por qué EE.UU. es el mejor pais del mundo en el que desarrollar tecnologia, fabricar productos y
hacer crecer su negocio, visite SelectUSA. gov.

IR103 (Re_v. 10/09)



N° de Solicitud/Control Solicitante(s)/Patente sujeta a
Re-examen
Indice de Reivindicaciones 13154381 JENSEN ET AL
l" "l ml I l l“ Examinador Unidad de trabajo técnico
LAYLA BLAND 1623
v | Rechazada - | Cancelada N | No electa A | Apelada
= | Autorizada + | Restringida I | Interferencia O | Objetada

Las reivindicaciones renumeradas en el mismo orden en que las presenta el solicitante
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Solicitante y remitidas el 2 de agosto de 2013. Las reivindicaciones lly 6 se modifican; las reivindicaciones
15-20 se cancelan y las reivindicaciones 21-26 son de nuevo envio. Las reivindicaciones 1-14 y 21-26 estan
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Modificaciones a las Reivindicaciones
Este listado de reivindicaciones reemplaza a todas las versiones y listados anteriores de

reivindicaciones contenidas en la solicitud:

1. (Actualmente modificada) Un procedimiento para extraer pectina que tiene un grado

elevado de polimerizacion, que comprende:

afiadir 4cido oxdlico y/o un oxalato hidrosoluble a una suspensién acuosa de una piel en una
cantidad suficiente para proporcionar una mezcla que tenga un pH de entre 3,0 y 3,6 y una molaridad total

de oxalato superior a la molaridad total del calcio (II) en la piel;

calentar la mezcla hasta una temperatura de aproximadamente 50 a aproximadamente 80°C durante

un tiempo suficiente para extraer una pectina; y

separar la pectina extraida de la mezcla precipitando la pectina extraida de la mezcla, en la que la
pectina extraida tiene un grado de esterificacion (GE) de al menos 72 y un elevado grado de polimerizacion

caracterizado por una viscosidad intrinseca superior a aproximadamente 6,5 dl/g.

2. (Original) El procedimiento de acuerdo con la reivindicacion 1, en el que el pH de la

mezcla antes de separar la pectina extraida de la mezcla esta entre 3,1y 3,4.

3. (Original) El procedimiento de acuerdo con la reivindicacion 2, en el que la mezcla se
calienta hasta una temperatura de aproximadamente 70 a aproximadamente 80°C durante la separacion de

la pectina extraida.

4. (Original) El procedimiento de acuerdo con la reivindicacién 1, que comprende ademas
filtrar la mezcla para eliminar los solidos insolubles después de extraer la pectina y antes de separar la

pectina extraida.

20546843.2
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5. (Original) El procedimiento de acuerdo con la reivindicacion 1, que comprende ademas

poner en contacto 1a mezcla que contiene la pectina extraida con una resina de intercambio idnico antes de

separar la pectina extraida.

6. (Actualmente modificada) El procedimiento de acuerdo con la reivindicacién 5, en el que

la resina de intercambio idnico comprende una resina de intercambio catidnico eficaz para eliminar

residuos de oxalato, residuos de calcio o0 combinaciones de los mismos de la pectina extraida seleccionade

7. (Original) El procedimiento de acuerdo con la reivindicacion 5, en el que la pectina

extraida tiene un contenido en oxalato total inferior a 2,0 mg por 1 g de pectina.

8. (Original) El procedimiento de acuerdo con la reivindicacion 5, en el que la pectina

extraida tiene un contenido en calcio total inferior a 1 mg/g.

9. {Original) El procedimiento de acuerdo con la reivindicacion 1, que ademds comprende
una o mas de las etapas de lavado, prensado, desecacién y molturacion de la pectina extraida después de

separar la pectina extraida para obtener un producto final de pectina.

10. (Original) El procedimiento de acuerdo con la reivindicacion 1, en el que el rendimiento
por piel (Yp) es superior a aproximadamente 23 %, en el que Yp =0,1-y5-M/W; e ys es el rendimiento de la
solucidn (extracto liquido) en g/kg, M es la masa total de la mezcla antes de separar la pectina extraida, y

Ws es el peso de la piel usada en la suspension acuosa.

20546843.2
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11. (Original) El procedimiento de acuerdo con la reivindicacién 10, en el que el producto del

rendimiento por piel y la viscosidad intrinseca es superior a aproximadamente 165% dl/g.

12, (Original) El procedimiento de acuerdo con la reivindicacion 1, en el que la pectina

extraida tiene un grado de esterificacion (GE) de al menos 75.

13. (Original) El procedimiento de acuerdo con la reivindicacién 1, en el que la pectina

extraida tiene una viscosidad intrinseca (VI) de al menos 7,8 di/g.

14. (Original) El procedimiento de acuerdo con la reivindicacién 1, en el que la pectina

extraida tiene una viscosidad intrinseca (VI) de al menos 8,5 dl/g.

15-20. (Canceladas)

21 (Nueva) Un procedimiento para extraer pectina que tiene un grado elevado de

polimerizacion, que comprende principalmente:

afiadir 4cido oxalico y/o un oxalato hidrosoluble a una suspensién acuosa de una piel en una
cantidad suficiente para proporcionar una mezcla que tenga un pH de entre 3,0 y 3,6 y una molaridad total

de oxalato superior a la molaridad total del calcio (II) en la piel,

calentar la mezcla hasta una temperatura de aproximadamente 50 a aproximadamente 80°C durante

un tiempo suficiente para extraer una pectina;

opcionalmente filtrar la mezcla para eliminar los solidos insolubles;

20546843.2
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poner en contacto la mezcla que contiene la pectina extraida con una resina de intercambio
cationico; y

separar la pectina extraida de la mezcla precipitando la pectina extraida de la mezcla para obtener
un rendimiento por piel (Yp) superior a aproximadamente 23 %, en el que Yp =0,1'yssM/Wp e yses el
rendimiento de la solucion (extracto liquido) en g/kg, M es la masa total de la mezcla antes de separar la

pectina extraida, y Wp es el peso de la piel usada en la suspension acuosa.

en la que la pectina extraida tiene un grado de esterificacion (GE) de al menos 72 y un elevado

grado de polimerizacidn caracterizado por una viscosidad intrinseca superior a aproximadamente 6,5 dl/g.

22, (Nueva) El procedimiento de acuerdo con la reivindicacion 21, en el que la pectina extraida

tiene un contenido en oxalato total inferior a 2,0 mg por 1 g de pectina.

23. (Nueva) El procedimiento de acuerdo con la reivindicacion 21, en el que la pectina extraida

tiene un contenido en calcio total inferiora 1 mg /g.

24. (Nueva) El procedimiento de acuerdo con la reivindicacion 21, en el que el tiempo

suficiente oscila entre aproximadamente 1 hora y aproximadamente 3 horas.

25, (Nueva) El procedimiento de acuerdo con la reivindicacion 21, en el que la pectina extraida

tiene un grado de esterificacion (GE) de al menos 75.

20546843.2



N° de Serie: 13/154.381
Presentado el: 6 de junio de 2011

MODIFICACION Y RESPUESTA A LA INSTANCIA ADMINISTRATIVA
Pagina 6 de 14

26. (Nueva) El procedimiento de acuerdo con la reivindicacion 21, en el que la pectina extraida

tiene una viscosidad intrinseca (VI) de al menos 7,8 dl/g.

20546843.2
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7 ABSTRACT

Embodiments of the processes provided herein allow for
extraction of high quality pectins from pectin-containing
plant materials using oxalic acid for extraction of the pectin
containing material. Generally described, the process for
extracting pectin having a high degree of polymerization
includes preparing an aqueous suspension of a pectin-con-
taining plant material; adding oxalic acid and/or a water-
soluble oxalate to the aqueous suspension in an amount suf-
ficient to provide a mixture having a pH of between 3.0 and
3.6 and a total molarity of oxalate greater than a total molarity
of calcium(TT); heating the mixture to a temperature from
ahout 50 to ahout 80° C. for a time sufficient to extract pectin
from the pectin-containing plant material; and separating the
extracted pectin from the mixture. The extracted pectin desir-
ably is characterized as having a degree of esterification (DF)
of atleast 72 and a high degree of polymerization, the degree
of polymerization being characterized by an intrinsic viscos-
ity of greater than about 6.5 dL/g.

20 Claims, 7 Drawing Sheets
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Abstract

Extraction of natural hydrocolloid carbohydrate polymers, such as pectin, from plant matter is accomplished at somewhat elevated
temperature and controlled conditions of acidity/alkalinity. In many cases the plant material contains a variety of different extractables,
including non-polymeric carbohydrates (sugars) in addition to the pectins. Very recently two different kinds of pectin, a calcium-sensitive
pectin (CSP) and a non-calcium-sensitive pectin (NCSP), have become interesting commercially. What is described in this work is a process
to selectively extract NCSP and CSP by varying the pH of the extracting solution. In a first extraction with acidic aqueous solution, a pH
between 3.0 and 3.3 without addition of polyvalent salt is sufficient to extract NCSP pectin. A second extraction under stronger acid
conditions (pH of about 2.0) is sufficient to extract the remaining pectin, which is primarily CSP. © 2000 Elsevier Science 1.td. All rights

reserved.

Keywords: Selective extraction; Differential pH; Calcium-sensitive pectin extraction

1. Introduction

Hydrocolloids extractable from plant materials include
pectin, carrageenan, guar and other less well known and
less commercially important polysaccharides. These mate-
rials are generally considered foodstuffs and are controlled
in the USA by Food and Drug Administration (FDA) regu-
lations (Food Chemicals Codex, 1981; Code of Federal
Regulations, 1983). The focus of this paper is on pectin,
but the process described herein is not limited to pectin
and might be applicable to other hydrocolloid extraction
processes.

Pectin, which is chemically similar to cellulose, may be
thought of as the “glue’ that holds the cellulose together in
the cell walls of plants. Pectin and cellulose are both poly-
saccharides, but pectin is primarily a-linked polygalacturo-
nic acid (partly esterified with methyl ester) in which
rhamnose may be found, and cellulose is essentially a poly-
mer chain made up of -1,4 linked sucrose units with no
esterification. Not all plant materials are rich in pectin. The
oldest pectin source is apple pomace left over from juicing.
The most common source of pectin nowadays is from citrus
peel, primarily lemon—but lime, orange and grapefruit may
also be used. Novel sources of pectin include sugar beets

* Corresponding author.

and sunflower heads, but these are not, at the moment,
commercially significant. In order to qualify as pectin, the
anhydro-galacturonic acid must make up at least 65% of the
ash-free dry matter in pectin sold as a commercial product.

There are many processes for extraction of pectin, and
there are many uses for these products (Aspinall, 1982;
Whistler & BeMiller, 1973; Yalpani, 1988). Typically, a
pectin process comprises

1. aqueous extraction from plant starting material;
2. purification of the liquid extract; and
3. isolation of the extracted pectin from the liquid.

Extraction technology is being studied continually (Hwang,
Kim & Kim, 1998; Minkov, Minchev & Paev, 1996;
Panchev, Kirtchev & Kratchanov, 1989), because pectin is
a commercially important product.

Extraction of pectin may be by aqueous acid or base. The
basic extraction process yields a pectin of low degree of
esterification (low DE pectin) as a result of saponification
of the ester groups, whereas the acid extraction process
generally yields a pectin of high degree of esterification
(high DE pectin), approximately equal to the naturally
occurring DE. High DE pectin has a degree of esterification
of 50% or greater. Low DE and high DE pectin generally
have different uses in foodstuffs, because they gel by differ-
ent mechanisms. Both are sold commercially. In addition,

0144-8617/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
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certain other modifications of pectin have found commercial
utility, for example, amidated pectin in which the methoxyl
groups are partly replaced by amine groups.

In the acid extraction process, plant material is treated
with acid at temperatures between 70 and 90°C for a time
sufficient to remove desired amounts and quality of pectin
from the cellulose plant material. Extract juice from the
extraction step is separated from the reaction mixture by
filtration. Rotary drum vacuum filtration is common in the
industry because the cake is very mushy and difficult to
handle. The cake is neutralized and sold as cattle feed or
put through a re-extraction step to extract more pectin
before being filtered and disposed of. All kinds of equip-
ment common to the extraction arts can be used for pectin
extraction—{rom stirred tanks or pots to continuous coun-
ter-current extractors, [or example, those described by
Leach, Schols, Pyle and Niranjan (1993).

Pectin is precipitated from the extract juice by specified
means—either alcohol precipitation (ethyl or isopropyl can
be used) or by salting out with aluminum chloride. The
precipitated pectin is separated from the precipitating solu-
tion by filtration or other means; it is then washed, dried and
milled to the desired particle size. During processing the
pectin may undergo an ion exchange step to put it in the
sodium form for ease of use in foodstuffs applications.

The extract obtained by typical commercial acid extrac-
tion is composed of those molecules that are soluble under
the conditions of pH, time and temperature used during the
extraction. The extract is composed of a mixture of pectins
of different molecular weight and degree of esterification.
Molecular weights can range from 100,000 to 200,000, but
weight-average molecular weights are more typically about
140,000. Control of specific pectin properties for desired
end use is achieved by selection of raw material, blending,
standardizing by adding sugar or dextrose, etc.

One of the main functional variations between high DE
and low DE pectins is their sensitivity to the presence of
polyvalent cations such as calcium. This property of the
pectin is defined as calcium sensitivity. Calcium sensitive
pectins can be gelled in the presence of calcium ions without
sugar and are therefore useful for low-fat or sugarless, acidic
foodstuif formulations—for which there is a large market,
or fat hold-out applications—for which a strong market is
developing. Low DE pectins are highly calcium sensitive
and are used in low sugar applications where the mix must
be gelled (diet jams and jellies, for example). These pectins
tend to form very firm, hard gels and are highly pH sensi-
tive. In most commercial applications, a blend of low DE
pectins is formed in order to obtain a more broadly adapta-
ble product. High DE pectins that are calcium sensitive tend
to retain more water in the gel than low DE pectins (Glahn,
1995a,b) and therefore tend to be softer and more desirable
for many end use applications. Thus, the development of
efficient ways of producing high DE, calcium sensitive
pectins is commercially desirable.

Pectins extracted by the acid process are normally high

DE pectins and contain a mixture of both calcium sensitive
(CSP) and non-calcium sensitive pectins (NCSP). Analyti-
cal and chemical methods have yet to distinguish structu-
rally between the two types, and many theories exist; one of
which is that “hairy” regions (Ros, Schols & Voragen, 1998)
formed by neutral sugars along the backbone of the chain
may “trap” calcium ions or hold them in position, thereby
contributing to the gel structure. Another theory is that the
distribution of esterified groups along the chain backbone is
the critical feature. A random distribution is thought to give
relatively low calcium sensitivity, but a block distribution
gives much higher calcium sensitivity. The block distribu-
tion gives a charge concentration, which may hold calcium
ions in place in a gel structure.

Separation of NCSP and CSP from pectin extract juice by
seleclive precipilation is described by Glahn (1995a,b).
Selective precipitation is achieved by a precipitating solu-
tion of water and alcohol that contains, additionally, a
dissolved polyvalent cation, such as calcium. The nitrate
salt is generally used for minimization of corrosion in the
process equipment and is compatible with the extracting
acid (mitric). This solution causes the calcium sensitive
pectin to gel, whereas the non-calcium sensitive pectin
remains dissolved. By manipulating the concentrations of
alcohol and calcium salt and temperature, gel particles can
be formed and then separated by screen filtration methods.
This approach for producing purified CSP involves the
substantial additional use of a calcium salt (for the partial
gelation step) and additional separation equipment not
normally used for pectin production. The ion exchange
step, which is used in typical pectin production processes,
is significantly enlarged by this method, because a substan-
tial amount of calcium needs to be added; the calcium
concentration in the pectin is therefore high and must be
reduced in the product, which is usually the acid or the
sodium form of pectin (sometimes referred to as “sodium
pectate™). This process also adds significantly to the solvent
(alcohol) recovery system, since it uses additional alcohol.

A very recent process disclosed in International Publica-
tion WO 9703574, now issued as a European patent (Buch-
holt et al., 1998) uses a recombinant enzyme to block de-
esterify pectin, thereby making it calcium sensitive and
useful for the aforementioned commercial applications.
The pectin is used to stabilize protein suspensions, e.g. acid-
ified yogurt drinks, whey protein drinks, etc.—a typical
application for CSP pectin. This is a sophisticated biotech
process, and rather than separating CSP and NCSP, it
creates CSP pectin. Because of the advanced technology
of this process, it may not be commercially viable at the
present time.

In this work we present a process by which naturally
occurring CSP and NCSP can be separated directly from
the peel, in-situ, by fractional extraction with differential
pH and without the addition of polyvalent cation salt. This
is done by a sequential, two-step process using different pH
conditions in each extraction step. In the first step, mild pH
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Water + Peel Water +
acid acid
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b b

Peel recycle

Stage 1 reactor] Stage 2 reactor]

t 1
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)
Juice to
work-up
Final peel

to waste
Vacuum crock filter

Fig. 1. Experimental apparatus.

conditions (pH of about 3.0 without addition of polyvalent
salt) are used to extract pectin that turns out to be NCSP, as
determined by analytical tests. In the second step, stronger
acid conditions (pH of about 2.0, which is typical of normal
pectin extractions) are used to extract pectin which turns out
to be CSP, as determined by analytical tests. The general
principal of fractional extraction is not new. Various
solvents have been used in sequence to extract pectin frac-
tions in the past (Fuchigami, 1990; Raynal, Mourges &
Conte, 1991), but the novel feature of the present work is
to use the same solvent at different concentration of acid to
extract two kinds of pectin, NCSP and CSP.

2. Experimental

Experimental extractions were done by typical pot extrac-
tion methods using various sized glass vessels up to 12 1.
Fig. 1 is a schematic of the experimental apparatus. Typical
peel charges were in the range 100-400 g of dried peel
(about 12% moisture) from various sources—mostly
lemon peel from Argentina. This is the most popular source
for peel, commercially. The extraction vessels were jacket-
heated, and slow agitation was used. Temperature was
measured by a temperature probe and was 70°C for all
experiments. Extraction times lasted from 1 to 3 h, but
after about 2 h not much additional extraction takes place.
Water-to-peel ratios ranged from 20 to 30, and nitric acid
was used for lowering the pH to desired extraction condi-
tions. In some experiments calcium salt was added to inhibit
extraction of CSP.

At the conclusion of the reaction step, the mixture was
dumped into a large Buechner funnel or vacuum crock into
which nylon filter cloth was placed. A rubber diaphragm

was used with the vacuum to press the cake. Generally,
this simulated the action of a rotary drum vacuum filter
typically used in pectin extractions. The filter cake typically
contained about 20% solids after this treatment (4/1 liquid-
to-solid ratio). In the cases where yield study was important,
the cake was re-extracted in the same vessel with an appro-
priate amount of water and acid. In most cases, the liquid/
solid ratio was between 20/1 and 30/1, as this is a typical
optimal range in commercial practice. For NCSP extractions
(in stage 1 of Fig. 1), the pH was in the range 3.0-3.3. The
yields fell off significantly at higher pHs, and at lower pHs
CSP started to be extracted. As an alternative, the pH could
be lowered to about 2.5 for NCSP extraction, but addition of
calcium salt in the rage 1-50 mM was necessary under these
conditions to prevent bleed through of CSP. In stage 2 of
Fig. 1 CSP is extracted owing (o a higher concentration of
acid.

The extract juice was then evaporated to increase concen-
tration to about 2% by weight. Then the liquid was ion
exchanged with sodium ion exchange resin by stirring in a
beaker for about 20 min. The liquid was then precipitated
with isopropyl alcohol to about 50% by liquid weight. The
resulting gummy mass was then dried overnight at about
50°C in a vacuum oven with nitrogen sweep. The product
was then ground to size, typically 100% through an 80 US
mesh screen. Samples were then analyzed for molecular
weight, degree of esterification, galacturonic acid content,
calcium sensitivity, and other chemical features. These tests
are generally standard analytical procedures. Some further
detail can be found in Joye, Luzio, Soederberg and Taytel-
baum (1998).

For optimal yield, the peel could be extracted four times,
two for NCSP and two for CSP. This usually results in over
90% theoretical pectin extracted. Following Fig. 1, the peel
would be extracted for NCSP in the first stage, then sepa-
rated in the vacuum crock filter. The juice from the filter
would be worked up to recover the pectin: the peel would be
returned to stage 1 for another extraction. The first proce-
dure would be repeated, the juice going to a second work-up
and the peel going to stage 2 for CSP extraction. The CSP
extraction procedure would be done twice, each time the
juice going to work-up. The stage-2 peel would be recycled
the first time and sent to waste the second.

2.1. Calcium sensitivity test

The calcium sensitivity test has many variants. It is
simply the measure of viscosity increase in a pectin solution
when calcium ions are added. The specific test used here is
as follows:

1. A pectin solution of about 0.6 wt% is prepared using
distilled water. The pH is adjusted to 1.5 by using 1 M
hydrochloric acid. The pectin must be in the acid or
monovalent salt form.

2. 145 g aliquots of #1 are added to viscosity measurement
vials.
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Results of fractional extraction experiments

Conditions and results 4a Sa 8a 11a 4b 4c

STEP 1

Dilution/pH/time (h) 20/3.3/3 17/2.9/2 20/2.5/3 14/2.5/1 20/3.3/3 20/3.3/3
Calcium added (mM) 0 22.5 45 0 0 0
NCSP yield (g) 23.18 16.31 30.00 32.58 21.92 36.28
Molecular weight 122,000 124,000 158,000 184,000

Calcium sensitivity 3 5.5 2.5 200 6.5 0.5
(mPa s or cP)

GA 76.6 75.4 789 776 74.5 71.5
DE 74.6 76.9 76.2 74.5 779 78.5
Calcium content (ppm) 586 1500 4650 730

STEP 2

Dilution/pH/time (h) 17.5/2.0/0.75 17.5/1.75/1.5 17.5/1.5/0.75 17.5/1.5/0.75 17.5/2.0/0.75 17.5/2.0/0.75
CSP yield (g) 47.85 56.93 49.68 43.44 56.07 56.63
Molecular weight 149,000 174,000 177,000 195,000

Calcium sensitivity 871 634 542 456 556 355
(mPa s or cP)

GA 70.7 80.7 769 2.7 72.0 68.9
DE 64.8 67.4 66.3 659 69.7 68.1
Calcium content (ppm) 195 229 401 222

YOG 215 202 172 169

NCSP/CSP split (%) 33/67 22/78 38/62 43/57 22/78 39/61

3. 5 ml of a solution containing 250 mM calcium chloride is
added to the 145 g pectin solution to give a final concen-
tration of 8.3 mM calcium.

4. With stirring by a magnetic stirrer, 25 ml of an acetate
buffer containing 1 M acetate ions and a pH of 4.75 is
added to the pectin solution to bring the pH to 4.2. This
also brings the final concentration of pectin to about
0.5 wt%.

5. The magnet is removed, and the glass is left at room
temperature (18—25°C) until the next day, when the visc-
osity is measured at 25°C with a Brookfield viscometer.

Viscosities up to about 800 cP (or mPas) can be
measured in this way. Higher viscosities usually indicate
gelification of the solution, and the results are less reliable.
If the application demands this kind of performance, the
concentration of pectin in the solutions is reduced. The
method can be adapted to give a good relative indication
of the calcium sensitivity of the samples.

When the viscosity of the same pectin samples is
measured without the addition of calcium chloride—dilut-
ing with distilled water instead, a base line is established.
This is termed CS — , and the former test is CS + , and the
difference between the two is the viscosity increase due to
addition of calcium ions and is termed “delta CS.” For
pectin samples of low calcium sensitivity, this difference
is typically less than 20 cP. Viscosities of calcium
sensitive pectins, on the other hand, are typically greater
than 100 cP.

2.2. YOG test

This test measures the stabilizing power of pectin in acid

protein drinks. Solutions of pectin with different concentra-
tions are mixed with yogurt, homogenized and heat treated
at 70°C for 10 min. The amount of sediment and the visc-
osity are measured after cooling to 5°C. The minimum
amount of pectin producing the lowest sediment and visc-
osity is desired. Why stabilization is at a lower viscosity and
not a higher is a complex matter of colloid chemistry. Basi-
cally pectin will coat the particles up to a point, thereby
stabilizing them and preventing coalescence and precipita-
tion; any additional pectin will go to viscosify the solution
and will not contribute to stabilization. Therefore, the mini-
mum amount of pectin to stabilize is the desired end. The
performance of an unknown batch is compared to that of a
standard batch of pectin. This test is very complex and
somewhat operator-sensitive, so the exact and lengthy
details are not reported here. About 10 different concentra-
tions of pectin are used. The milk solids content of the
yogurt can vary, but 8.5% non-fat milk solids concentration
was used in these tests. The sedimentation and viscosity of
the solution as a function of pectin concentration are plotted
for the standard and the unknown. A shift factor
between the sedimentation curves and the viscosity
curves is determined by a complex procedure, and the
YOG grade calculated.

The standard YOG grade is 100. If all the stabilizing
power of pectin comes from CSP, and if CSP is
50% of the total pectin, a pure CSP sample should
give a YOG grade of 200. If the sample was not pure
CSP, the YOG grade would be lower than 200. The
parent pectin from which the CSP was separated can
also be subjected to this test to give a measure of
selectivity.
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3. Results and discussion

Of the many results obtained, those given in Table 1
summarize our findings. In the original experiment there
were 11 different conditions with one repeat run to make a
total of 12 runs. This was done by a fractional statistical
design, so that a response surface could be generated to find
the significant variables for the extraction method. Time of
extraction, peel source, dilution ratio in each step, and
calcium level in the first extraction were thought to be
significant variables as well as the pH in each step. Three
different lemon peel sources from different growing sites in
Argentina, designated a, b and ¢, were used for the data in
Table 1. All runs included a short (15—20 min) re-extrac-
tion/wash step in each stage. This was done with hot water
and additional acid just to maintain pH conditions. Subse-
quent experiments were then carried out with other peel
sources, e.g. grapefruit, for comparison. We report here
only the runs from the original experiments that gave signif-
icantly positive results for defining the best process condi-
tions for the extraction. The number preceding the letter is a
run number indicating type of conditions. All run 4s, for
example 4a, 4b and 4c, have the same conditions. In runs
4b and 4c however, the molecular weight information was
not available and the calcium content was not measured. In
runs 4 and 11 no additional calcium was added to the reac-
tor, so the calcium content of all run 4 materials should be
about the same. Some calcium enters the reactor with the
peel. This gives about 11 mM concentration at 25/1 dilution
ratio. Increasing levels of calcium, added as calcium nitrate,
are shown in runs 5 and 8. This is known to inhibit CSP
extraction and may thereby increase selectivity as in Glahn
(1995a,b) and Joye et al. (1998). We have only reported
total weights in the table, not weight of pectin from each
individual extraction step.

Runs 4 (without calcium, but at higher pH) and 5 (with
calcium, but at lower pH) show similar results. Both give
low calcium sensitivity numbers for the NCSP fraction,
indicating pure NCSP, but give high calcium sensitivity
numbers for the CSP, indicating good purity CSP and a
clean split between the two. The overall yields and
molecular weights of the two runs are similar, but the split
is somewhat different. Run 4 gave a 1:2 NCSP/CSP split,
whereas run 5 gave a 1:3 NCSP/CSP split. The CSP inrun 5
is less pure than in run 4 as indicated by a lower calcium
sensitivity number (871 vs. 634), thus it is likely that more
NCSP is in this sample, and adding calcium may
not be preferred. As a general guideline, calcium sensi-
tivity numbers less than about 600 are less desirable as
product.

Run 8a was done under more aggressive acid conditions
(pH of 2.5), but increased calcium addition (45 mM added),
and showed similar results to runs 4 and 5 with the “a” peel.
However, the calcium sensitivity of the CSP fraction was
significantly less, below 600, and the split was somewhat
more evenly divided. The YOG grade was much lower than

200, indicating some impurity in the CSP. Therefore, these
would not be the desired extraction conditions.

Run 11a also shows loss of YOG, though the splitis good.
There does not appear to be any CSP in the NCSP fraction,
so the NCSP seems to be pure, but there could have been
some bleed-through of the NCSP into the CSP fraction
which would have lowered the YOG and the calcium sensi-
tivity. The amount of NCSP in the extracted pectin varies
with peel source (location) and other variables including
time of harvest, but the expected maximum may be as
high as 45% of the total pectin. Table 1 shows about 40%
for the peels tested here.

The calcium sensitivity test can be used as a measure of
selectivity. Run 11a done under aggressive acid conditions
but no added calcium shows a split higher than 40%, but
also shows a high calcium sensitivity for the NCSP [raction.
This indicates bleed-through of CSP into the NCSP fraction
and therefore a poor separation (low selectivity). Thus, runs
8a and 11a are not preferred conditions, whereas runs 4a and
Saare. If the extraction time for stage 1 is too long, or the pH
is too low, CSP bleed-through will occur (see 11a in Table
1). Generally, stage 2 reaction times could be shorter than
2h. We have no analytical measure to show that CSP
produced in this way is “pure”. In this case, acceptable
results are judged by performance in the calcium sensitivity
test and by the YOG test described previously. Acceptable
results are demonstrated by the data in Table 1, but the
judicious use of additional calcium and its exact benefits,
if any, await the results of future investigations.

Chemically, the galacturonic acid (GA) content of all
extracted pectin samples in Table 1 are typical, between
70 and 80%. The degree of esterification (DE) is higher
for the NCSP fraction (74—77%) than for the CSP fraction
(64—68%). The reason for this is thought to be the higher
acid concentration and the longer contact time of the CSP
during the extraction process contributes to de-esterifica-
tion. The dilution ratios are on a weight basis. The peel
charge was 400 g in each experiment, thus the yields on a
wt% basis can be computed, if desired. All experiments
used a re-extract of about 10/1 liquid-to-wet peel ratio for
each Step 1 and Step 2 reactions.

The calcium sensitivity numbers were obtained by the
method discussed previously. In the test procedure the
concentrations are such that the initial viscosity is very
low for both NCSP and CSP samples. This can sometimes
not be the case if the CSP sample already contains a signif-
icant amount of calcium. Therefore, the initial calcium level
of CSP samples are rather important to the test. They should
be less than 1500 ppm, preferably below about 500 ppm.
This is accomplished by ion exchange before precipitation
of the pectin. The calcium content of the NCSP is irrelevant,
since this pectin is not calcium sensitive. The calcium levels
for both are shown in the table.

The YOG test, as previously described, gives a quantita-
tive measure of performance. A YOG grade of 100 is the
standard. The parent pectin may or may not give this grade
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(other YOG comparisons can be made with the parent pectin
to get a measure of selectivity). If the CSP is pure, the YOG
grade should be higher than 100. If the standard contained
50% CSP, the YOG grade of pure CSP should be 200. If the
standard contained 60% CSP, then the YOG of pure CSP
samples should be somewhat less than 200. If the standard
contained 40% CSP, then the YOG grade of pure CSP
should be greater than 200. The exact amount of CSP in
the standard is not known precisely, but is thought to be
about 55%. Then a YOG of 200 would indicate essentially
pure CSP, and grades significantly lower than 200 would
indicate some NCSP is mixed in with the CSP of the sample,
and the extraction method needs improvement.

In the differential extraction process it is not essential to
use the same type of equipment for each stage. For example,
the NCSP extraction gives a [irm peel, which can be sepa-
rated from the mixture by screen filters, gravity belts,
presses or the like. It does not require a rotary drum vacuum
filter, as is otherwise common in the art. As a possible
alternative, the whole NCSP extraction process could be
done in a counter-current screw extractor, of the type
common to sugar beet extraction, for example, or the one
described in Leach et al. (1993). In this case, the exiting peel
may be filtered only once, or not filtered at all—but the peel
and juice can be gravity separated. In contrast, the CSP
extraction is very messy; the peel is gummy and mushy,
and continuous, countercurrent screw extractors do not
work very well. Rotary vacuum filters work well separ-
ating the juice from this mushy peel, where other types
of filters do not.

This work used batch or pot extractions, but the principle
of differential pH could also be applied to continuous or
other types of extraction technology. It is somewhat surpris-
ing that this process should work at all, but we theorize here
that the NCSP pectin is the last laid down and has not had
time to de-esterify (by enzymatic means, for example) to
become CSP. Therefore, mildly acidic conditions are able to
remove it from the biomass, whereas these are not strong
enough to remove the CSP.

4. Conclusions

We have shown that a two-step process can be used to
selectively extract a non-calcium sensitive pectin and a
calcium sensitive pectin directly from the peel using a
different pH in each step. The first step, extracting NCSP,
should be done at a mild pH in the range 3.0-3.3. This can
be done without additional calcium salt being added, but if it
is desired, calcium salt can be added and the pH lowered
somewhat to about the 2.7-3.0 range with similar results.
However, a more aggressive acid extraction in stage 1

results in bleed-through of the CSP fraction and lowers the
selectivity. The CSP extraction can be done conventionally.
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PECTIN SUBSTANCES OF SUGAR BEET PULFP

N B Vuldasheva, M. 4. Khodehaeva, M. T, Turakhashasy,
and Eh. Nursaskhamedovs

WD 547,917

In the Repupiic of Usbekdstan at the presant tine 3 plant for the production of apple pectin is operating 1t the Gazalkent
preserving factory. With the 2fm of broadening the sources of pectin from locad raw masevial, we have smdied the poedn
subigtances of beer pulp,

In conwast to tie pectin of apple and feroon rsiduss, the pectin substanees (Pelsyof beet pulp have srong bonds with
proweias, velinlose, hgnin, and other strueral slements of e cell wall {11, In view of this, afer the exrastion of sucrose,
sugar beet was subjecred 1o hydralysis with comparatively swong sclutions of mineral aoigs GICY, HNO) and oxalic ackd,

Below we give the resulie of e hydeolysis-exmaction of beet pulp ab & lguor ratie of 1217 and the vislds of PoSs:

Bruastnt Time, b Temperamge, Yisid ?f PelSs Ash conint, %
i %
4.2% 0L A 38 m 6.8 0.8
RARY, WO gy 30 3 4.6 &1
LAY, HNDI D .03 k4] &3 [ 4]
Q5% H2a030s EXy TG .49 kA7

A high yield of protin with a low ash comeat was cbmiped on hydrolysis-samacton with 9.2-0.4% HCL All the PeSs
isolated consisted of light crsam-colnred powders.
The physicophemical parameters.of the pactin submances obtined with differeny extrsctants diffored wosome degres:

Pacum § wol | . T P Y
subagnces, i mﬁmﬁon Lo ] Cpse B { HatiA, % i ane %

A 552 .4 7% $3.94 344

B 850 LS 4.6 4465 1.8

o L8 15 106 5570 2.4

[ 2.0 3.2 4.3 523 3.8& .

The peotin sabstances of die bespestracted by soluions of Bydeochiotic and srric acids were nlore highly metioxylaied
rhan thase expacted by oxalie acid. The palacturonic acid contests of the PeSs scaronly differed, with the exception of the PeSs
exxracted by he H,T0, solution. All.the boet Pols comaingd acetyl grotps and» predominaring amaoust of carboxy groups,
iy contrast fo apple and oiuus pecting. These factors were resporsible for the low gelling power of the beet peotis and for i
capacity for sorbing heave-metal ons,

The monsacchazide composifions of all the Pa3s wers idendosl, as conld be seen from an analysis of their bydrolysates
{2 N Ha80,, 48 1y Inall the hydeolysstes, PO (bwtanol ~pyriine ~watsr (5:4:3)) revealed the presence of gulschuonis acid,
arabingse, xylose, rhammoss, and waces of glucose, which i3 characteristic for the class of pectin subsxases. After the
gxivaction of the FeSs, we extracied hemiveihdose (HMO) with & 10% caustic soda solusion. The yiskd of polysaccharids was
221%. Gallda, 4ra, Gab, Xyl and Rhe were detecied in 3 hydrolysaie by PO

Thus, pectin substances and homdeefiulose kave Deen oxtracted from the pulp of local varisdes of sugay best. A
physicochersical characterization of the PcSs has been made, and the monosaccharide compositions of the best peotin and
hemicellulose have been determined,
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Abstract

Extraction and use of pectins from ambarella peels could add value to the waste products arising from processing of the f
residues (AIR) of ambarelia peels were treated separately with HCL delonised water and oxalic acid/amimonium oxa-
ed for some biochemical and physicochemical parameters. The results show that
727 mygfg dry weight), neutral sugars (125-138 mg/g), degree of methylation (50-58%)
03,000 g/fmol} and intrinsic viscosity (179480 mi/g) varied significantly {p < 0.05) with

alcohol-insoluble
late solutions, and the resulting pectin extracts analys
pectin yield (9-30% dry AIR), uronic acid (857~
and acetylation {(4-6%), molar mass {263,000-3

fruit, Diried

o) Y

the various exiraction methods used. Extraction with oxalic acid/ammonium oxalate solution gave the highest pectin yield, with high

molar mass and degree of methylation, making the extracts suitable for use as additives

s i the food industry. The resulis compared well

to lime pectin extracted under the same conditions, indicating their commercial significance.

@ 2007 Elsevier Lid. All rights reserved.

Keywords:

Ambarella peels; Pecting; Physicochemical properties; Extraction conditions

1. Introduction

Ambarella or golden apple {Spondias cythereay is a trop-
ical fruit belonging to the family of Anacardiaceae (Mor-
ton, 1987) In addition to its sweet and pleasant flavour

{Graham, Wickham, & Mobammed, 2004; Jirovetz, Buch-
bauer, & Ngassoum, 1999), this & mt s a good source of

minerals and vitamin C {Ishak, Tsmail, Noor, & Alma
2005). Ambarella fruit is guite delicious to eat when freﬁh
and it is often used for making jelly, jaras, pickles, relishes,
soups, stews and juices (Morton, 1987) or may be canne
in sucrose {Ramsundar, Comissiong, Badrie, Baccus-Tay-
lor, & Spence, 2002). The peels represent about 19% of
the total frait weight and they constitute the main part of

LOF"LSD('-Id}nv author. Tel.: +237 77 61 10 98,
i
1

~

E-mail address: gkansci2000i@yahos fr {G. Kansci).

-8146/8 - see front matter © 2007
dc, 18,1016/ .foodc 11611‘:.2()0&.07.065

Elsevier Ltd. All rights reserved.

byproducts. Citrus peel and apple pomace are the major
raw materials used for the prodoction of commercially
acceptable pecting (May, 1590). Pectin preparations from
ambarella peels could serve as an alternative.

Pectins are a family of complex polysaccharides mainly
present in the primary cell wall and intercellular regions
of dicotviedons (‘vordo en, Pinik, Thibault, AX@IOS, &
Renard, 19935). Structurally, they are generally described
a3 an alternation of “smooth” (made of homogalacturon-
ans, HGs) and “bairy” (made of type I rhamuogalacturon-

ans, RGs-1) regions. HG is composed of {1 - 4)-linked
a-p-galacturomic acid ((_m pA) residucs that can be partly
methylesterified at Cg (Pimk & Voragen, 1970) and
possibly partly acet 1 st rified at O; or O; (Ralet, Bonniny,
& Thibault, 2063).

Pecting have many apphcations in food science and
putrition, cosmetics and pharmacy. They are widely used
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as food additives for thickening, geiling and emulsifying
Jams, soft drinks, fish, meat products and milk products
{Barrera, Ramirez, Gonzdlez-Cabrialezs, & Visquez,
2002; May, 1997; Ralet ot al,, 2005). Commeraially, pecting
are C\trdctcd by treating the raw material with bot dilute
raiperal acids, maioly nitric acid {Rolin, 2002}, The extrac-
tion conditions are in the range of pH 1.5-3, mnp ratire
63100 °C and time 0.5-6 h. Solid:lignid ratios of 1117 for
apple and 1:35 for citrus are often used {Ralet, Bonnm,
& Thibauit, 2002). These native pectins are generally highly
methylated (DM > 50%) and slightly acetylated (Voragen
et al,, 1995}, They gel at low pH (2.5-3.8) with a high sugar
conceniration {>55%) (Ralet, Crépean, Bucholt, & Thiba-
ult, 2003; Robn, Nielsen, & Giahm, 1998).

Rda,tmnsmpb between pectin fine structure and func-
tional propertics do exist (Ralet & Thibault, 2002). Many

studies have shown that the biochenucal characteristics of

pecting depend on the plant source and the extraction
method osed. Sagar beet pecting extracted by acid (HCl or
HNGO, ) at variable pH (-3}, temperatures {75-90 °C) and
times {30-90 min) exhibited a galacturonic acid content
and a degree of methylation varyving from 295 to 528 mg/x
{dry weighty and from 34 to 94%, respectively {Levigne,
Ralet, & Thibault, 2002a). Pectins from Ceni mango peels
extracted by delonised water exhibited a galacturonic acid
content and a degree of methylation of 860 mg/g and
73%, rc—:speci*’vely When extraction was performed with

HCH (pH 1.5/83°C/ 1 h), Ceni mango pecting exhibited a
fower galacturonic acid gomem and a similar bigh degree
of methvlation {660 mg/g and 76%, respectively) (Kratcha-
nova, B»mmfm. & i\r.ﬁcha nova, 1991). Hence the source oi
pectin and the extraction conditions used have a significan

impact on pectin biochemical characteristics and aheir
%u‘tabi"iiv for application. Presently, there is bardly any

information on the extraction of ambarella pectin.

The aim of this study was to evaluate the impact of dif-
ferent exiraction conditions on the vield and some bic-
chemical characteristics of ambarella peel pecting and
their suitabiiity as a source of indusirial pectin.

2. Materials and methods
2.1, Sampling and sample treatment

Ripe ambarella (S. cythereay and hime (Citrus fatifolia)
were harvested in an orchard near the aty of Yaounde
{Cameroon). The peels of the fruits were removed and
chopped into pieces of 1 cm” using a stainless steel knife.
The peels were then bleached in boxlz:‘.g water for 5min
and dried in an air convection oven at 50 °C. Alcchol-
insoluble residue {AIR) was prepared by treating the dried
peels four times with ethanol (85 vol.%) at 70 °C for 20 mun.

2.2, Extraction of pect

Three different extraction conditions were applied:
hydrochioric acid (0.03 M; pH 1.5) at 85 °C for 1 h, deion-

8) 1202-1207 1203

ised water at 75 °C for | h and oxalic acid/ammonium oxa-
fate (0.25%), pH 4.6, at 85 °C for | h. About 160 g of AIR
were stirred with 41 of cach of the above exiracting solu-
tions. The extracts were separated from the AIR residues
by filiering through 2 nylon cloth, and the pectin was coag-
ulated with 3 volumes of ethanol (967}, Pectin coagulates
were washed several times with 70% ethanol and finally
with 96% cthanol and acetone before vacuunedrying at
50 °C overnight.

2.3, Chemical characterisation

The uronic acid contents of the peels, ATR and extracted
pecu’“ were determuined colorimetrically by the automated
m-phenviphenol method (Thibault, 1979).

Neutral sngars were analysed as their alditol acetate
derivatives by gas liguid chromatography {(GLC) after acid
hydrolysis. The pectin was hydrolysed with 1 M H,80,
{3 h, 160 ). The peels and AIR were prehydrolysed with
13 M H,804 (30 min, 25 °0), diluted to 1 M and heated
{2 1, 100 °0). The individoal neotral sugars obtained were
reduced with NaBH,, acetyiated and analysed by GLC
according to (Blakeney, Harris, Henry, & Stone, 1983}
Inositol was used as internal standard.

Pectin methoxyl and acetyl contents were determuined by
HPLC, Pecting were treated with 1 N NaOH in the pres-
coce of CuSOy, and the methoxyl and acetic acid released
were guantified by HPLC on a C18 column, as previously
described {Levigne, Thomas, Ralet, Quemener, & Thibauls,
2062h). Isopropancl was used as internal standard. The
degroe of methyiation (DM) and the degree of acetviation
{(Ac) were calcolated as the molar ratio of methanol
and acetic acid to galacturonic acid, respectively.

2.4, Determination of macromolecular parameters

Pectin average molar masses and intrigsic viscosities
were determined using high-performance size-exclusion
chromatography (HP-SEC), as described by Ralet, Bonoin,
and Thibaglt (2001},

HP-SEC was performed at roorn feraperaiure on a 8ys-
tem constituted of one Shodex OH SB-G pre-column, fol-
lowed by two columuos in series (Shodex OH-Pack SB-804
HQ and OH-Pack SB-8025 HQ, Shodex, Bhowa Denko
KK, Miniato, Japan) eluted with 0.05 M NaNO; buifer,
containing 0.02% NaN; as preservative, at a constant flow
rate of 42 mi/h. Detectors used were a refractometer (BT
{ERC 7517 A}, a differential viscosimeter {T-30A, Visootek,
Houston, TX} and a multiple angle laser light scattening
device (MALLS) (Mini Dawn, Wyatt, Santa Barbara,

A operating at three angles (41°, 907 and 138°). Pecling
{~6 mg/ml} were solubilized in 0.05 M NaNO; containing
0.02% NaNj, left overnight with tail-over-head continnous
mixing, centrifuged and filtered (0.45 um) before injection
of 50ul. Data for molar mass determinations were
analyzed using Astra sofiware (Wyatt, Santa Barbara,
CAY taking a dn/de of 0.146. Data for viscosimetry
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determinations were analyzed using TriSEC software (Ver-
sion 3.0, Viscotek, Houston, TX).

All analyses were performed in triplicate and the means
of the results given on a dry weight basis, Results were
compared using the Student’s 7 test. Differences were deter-
rained by variance analysis (p < 0.03).

3. Resulis and discussion
3.1, Peels and AIRs wronic acid and neutral sugars contenis

The uronic acid and neutral sugars contents of ambarelia
and lime peels and their corresponding AIRs are summa-
rised In Table 1. Uronic acid (108 mg/g dry weight) and
total nentral sugar contents {347 mg/g) of ambarcila peels
were found to be lower than those of thewr corresponding
ATR {140 and 403 mg/g, respectively), Glucose (probably
of cellulosic originy was the main neotral sugar; the other
neutral sugars were galactose, arabinose, mannose, xylose
and rharanose. Arabarella AlRs exhibiind an overall distri-
bution of individual sugars similar to that of raw peels.
Compared to ambarella peels and AIR, lime peels and
AR exhibited higher amounts of wronic acid (192
"’-1?5 mg/g} and total neutral sugars (347-484 mg/g) (Table

1. Compared to the raw peels, AIRS were i ahe; 1 Uronic
d.Clds and neutral sugars, most likely because some etha-
aol-soluble compounds, e.g. Hpids and pigments, were
removed by the ethanolic treatment (Selvendran & Du
Prwi 1988}, Values of uronic acid found in the lierature

how that mango AIRs are richer in uronic acids (213 mg/
g) than are ambarela ATR {Kratchanova et al,, 1991}

3.2. Yield, exiractability and biochemical chavacteristics o
ambarella peels pectins

3.2.1. Extraction yields
The yield of ambarella pectin extraction varied {rom
16% to 22% dry weight of AIR, depending on the extrac-

Table 1
Individual neutral sugars and uronic acid contents (mg/g dry weight) of
peels and their alcohol-insoluble residuss { AIRs) from ambarelia and Hme

Charactenstics Samples
Awmbarclia Lime
Peel AIR Peet AIR
Individuai  Rha 73416 151 +0.1° 19.6 £ 0.4°
neutral 98.7 + 1° y7.2 4 357 +0.5°
sugats Kyl 22 4+ 3.3¢ z 3214017
(mg/g) Man 1594139 221 26740 lf
Gal 7524670 439
Gle 179 £ 13 2073 +0.
Total neutral 347 + A3 £10°0 41246 484 + 4°
sugars {mg/g)
Uronic acids 108 + &9 140 + 6° 1924+ 147 248 4 107

(mg/g)

Mean values from triphicate measurements + standard deviation. Values
in the sarne line followed by different superscripts are significantly different
{p < 0.05).

tion condition used. The highest vields were obtained with
oxalic acid/ammonivm oxalate (OAAQ) and the lowest
with water (Table 2). In comparison, yields for lime (59—
38%0) were lower under water extraction conditions while
siratlar resulis {17%) were found for Tommy Atkins mango
pectins extracted with H.SQy (pH L5} (Berarding et al.,
2005). Other results showed high extraction yields using
HCE (pH 1.5} for Ceni mango pectin (24.5 dry weight%
AIR) (Kratchanova et al,, 1991},
3.2.2. Uronic acid and neuiral sugars contents

Ambarella pecting had uronic acid (557-727 mg/g dry
weight) and total neutral sugars (125158 mg/fg) contenis
that varied widely, depending on the extraction method
used. Water-extracted pectins were particularly rich in
pronic acids while OAAO-extracted pecling were rich in
total neutral sugars. HCl-extracted pecting were poorest
i vronic acid. Lime pectins extracted with HCL and
QAAQ were rich in uwronic acid and poor in neutral sugars
content {Table 2}. Previous resolis showed that Cend mango
pecting extracted using HCl {(pH 1.5} had high levels
of uronic acids {660 mw g,- and total neuiral sugars
{320 mg/g) (Kratchanova et al, 1991).

HCl-exiracted ambareiia, peutmb were low in arabinose
and rhamnose, and high in galactose and glocose. How-
ever, with the other extraction conditions, both arabinose
and galactose contents were high {Table 2. There were
only small amounts of xylose and mannose. The distribu-
tion patterns of individual veutral sugars for water-
extracted ambarella pecting were similar (o those observed
with water-extracted lime pectins, and significantly differ-
ent {(p <0.05) from those obtained under the other extrac-
tion conditions {Fig. 1}. Gther authors have found that
galactose, arabinose and glucose are the three main neutral
sagars of pecting and their proportions depend on the
source of pectin and the extraction process used {fagher,
Reicher, & Ganter, 2002; Ralet & Thibaudt, 1994),

3.2.3. Peciin extraciability

Pectin extractability was expressed as the amount of
uronic acid extracted from the AIR [uronic acid (g) of the
extracted pectin x vield per 100 g of wronic acid initially
present in the ATR] (Table 2. Pectin extractability from
ambarela was very high with QAAQ extraction {98% of
thewronic acids initially present in the AIR). Fairly high val-
ues were observed with HC  and water extractions (7781941,
AsTorlime, we obtained similar values with HCl and QAAQ,
while a very low value of extractability (14%) was found
under water-extraction conditions. The lowest wvalue
obtained for limeis explained by the fact that the extractabil-

v 1s based on the vield and wvromic acid content of the
extracted pectins. Lronic acids, which are the main compo-
nents of pectin, are well extracted under QAAG condition

3.2.4. Begree of methylation ( DM ) and acetylation (DAc)
Resuplts 1w Table 3 show that OAAQ- and water-
extracted ambarclla pectins were more methylated (DM
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Table 2
Neutral sugar contents, wonic acid conteuts, vields and extractabilities of pecting obtained under different extraction conditions from ambarella and lime

Pectin characteristics Extraction process and raw material used

HOUGpH 1.5)

Water OQxalic acid/ammonium oxalate

Amibarella Lime
631 £ 79 831 = 16°
158 +2.77 i

Lime

493 + 14f

136 4+ 0.4°

Aanbarclia

727+ 4.5°
130 4 7°°

Lime

776 £ 3.7°
38 4 1°

Ambarella

557 £ 13°
128+ 3°

Uroni¢ acids (mg/g)
Total neutral
sugars (mg/ g

o

Rha 17 7.8 i38 i3 i9 6.9
Ara 1% 4.4 Si Si 63 5.7
Xyt 3z .5 19 0.8 2 3.8
Man 4.3 228 19 1.5 1.6 1.5
Gal 3s 26 31 26 41 25
Gie 46 3 2 28 i 4

S4+06t 22 4+ 6.3°

o
o
H-
=1
[9%]
o
-
w0
o
-
=
i)
3
oo

Yield (mp/g) Dry 19.4 +0.6° 26.5 267 4 1.2%

AR

Dry Peel  11.8 4 042 19.8 4 608 95 +0.3° 67 +0.5 13440.2° 20.6 £ 0.5°
Extractability (%6) 77 4+ 4° 82+ 3° 81 4+ 2° 14 4+ 1° 9% - 27 97 + 3%

Mean values from triplicate measurtements + standard deviation, Vahues i the same line foliowed by different superscripts are significantly different
{(p < 03.05).

1005 could be obtained (Berardini et al., 2005; Kratchanova
et al, 1991; Snorangarajan & Shrikhande, 1979 The
go5, 4 enhancing influence of the HCI extraction on methylation
o degree was also shown on soy hull (Kalapathy & Proctor,
£ 2001) and sugar beet pectins extracted at various HCI con-

% % 3 X centrations {Levigne et al., 2002a).
P P (L3 . 3 Ambarelia pectins exhibited low degrees of acetviation
§ 40% 77 Sy 3 (4.2-5.5%0) for ali three methods of extraction. Lowest val-
= izsy 33 M LE res of DAc were found for lime pectins (1.2-1.6%) follow-
0% 7 1Y S8 HEy N ing HC! and OAAO extractions. The DAc vahies of
E[ *f ” Eﬂ] ﬂﬂﬂﬂﬂﬂﬂ ambarelia extracted pectins were similar {(p < 0.05) to that
0% A R ; LA g of lime pectin extracted with water {6.0%). Previous studieg

Ambarelia  Lime Ambarella  Lime  Ambarella Lime Sy i i i L )
et Water OAAD on acid-extracted apple and lemon pectins reported DAc
values of 5.0 and 1.4%, respectively {(Kravichenko, Vor-
Fig. 1. Distribution patterns of individual neutral sugars of pectins agen, & Pilntk, 1992).

extracted with HCL, water and oxalic acid/ammonmum oxalate (OAAQ)
from ambarella and hme peels. (ﬁ]}) Rhamnose; {ﬁ@) Arabinose; ({1}
KXylose; (B) Maunnoss; (g} Gulactose; (i Glucose.

}
!
Tk

3.3, Macromolecular parameters

The weight average molar mass {((M,,)) of ambarella

58%) than were HCl-extracted pecting (DM 50%). Com-
pared to those of ambareila pectins, the DMs of lime pec-
fins were significantly higher (58-82%) (p << 0.05). Previous
studies on acid- {HCI or H,80,, pH 1.35) extracted pectins
from Ceni, Alphonse and Tommy Atking mango peels
showed that high degrees of methylation {(66% and 76%)

Tabic 3

pectins varied from 263,000 to 303,060 g/mol and their cor-
responding intrinsic viscosities {(#]) from 179 to 480 mi/g.
The molar masses were the same {(at p << 0.05) using water
and OAAQ extraction processes. The sarne was true for
intringic viscosities of QAAQG- and water-exiracted pectins
which had the highest values. Compared to ambarella

Dregrees of methylation (DM and acetylation {DBAc), weight average molar mass {4, and intrinsic viscosity {71} of pectins extracted under different

conditions from ambarelia and lime peels AIRs

Extraction process Raw material

DM (%)

DAC (%) (M) {glmol)

HOC (pH 1.5} Asnbarells

Lime
Water Ambareila

Lime
Oxalic acid/ammonium oxalate Ambarella

Lime

50+ 1.4¢
754 1.9°

42461 303,600 + 82
1.6 4 0.01° 112,000 + 5°
554+ 4.3 263,000 4 22°
6+ 6.2 252,600 + 18¢
554037 263.600 + 20°
12+ g02d 255,600 + 10°

Mean values from triphcate measurements + standard deviation. Values in the same column followed by different soperscripts are significantly different

(p < £.05).
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pectins, the mwolar masses of HCl-extracted lime pectins
{112,000) were lower. HCL- and walter-extracted hime pec-
tins cxhibited intermediate mtrinsic viscosities {337-
414 ml g ') while CAAG-extraction gave correspondingly
higher values (Table 3). These results show the important
variabiiity of mwolar mass and intrinsic viscosity of pectins
according to the extraction conditions used. Macromolecu-
lar parameter values depend, not ondy on the extraction
process used, bul also on the plant material used. Cenid
mango pectins extracted with the same extractant (HCL
pif 1.5) had low molar mass (83,000 g/mol) (Kratchanova
et al., 1991 but sugar beet pectin extracted at pH 2 (HCY
‘(1&& ‘mgr mola} mass (377,000) {Levigone et al, 20022}
These differences of molar masses could also be due to
the type of method used for the determination of molecular
parameter, According to Ralet et all {2002}, the water
{in}-solubility and the aggregation of pectin could influence
molar mass measurement.

4. Conclusion

The resuits showed that ambarella peels are a source of

highly methylated pectins with high molecalar weight,
The extraction conditions had a significant impact on
the biochemical characteristics of the extracted pectins.
Oxalic acid/ammonium oxalate (OAAQG) allowed high
extraction vields, the recovered pectins being of high
degree of methylation, high molar mass and high intrinsic
viscosity. HCOU extraction gave lfow vields of pectins with
low wronic acids and DM, Water extraction gave the
{owest vields of pectins with high degrees of methylation
and high ntrinsic viscosity. On the whole, OAAO-extrac-
fion of pectins from ambareila provides good yields,
which are biochemically inderesting due fo their high
molar mass. Since molar mass and degree of methylation
are importam parameters in gel-breaking strength {Vor-
agen et al, 1995, OAAQ ambarella pectins could be use-
ful as food additives. Further ‘;tLdLC‘S are b ing conducted
to investigate the rheological and gelling properties of
ambarella peel pectins.
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Rheoclogical and high gelling properties of mango (Mangifera indica)
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Swrmmary  Ambareila and mango peels are good sources of pecting (15-20%), with high degree of methylation (60~
78%3 and high molar masses. Ambarella and mango {Amélioree and Mango vanieties) peel pecting were
extracted using HCU or oxalic acd/ammonium oxalate (OAAQ). Purified pecting were analysed for their flow
behaviour and phase diagrams were established at pH 3 as sucrose vs. pectin concentration. The gelation
kinetics and mechanical spectra of these pectin gels were studied and conpared to those of commercial citrug
{lime) pectins. At a conceniration of 1% (w/v), ali pectic solutions had a shear thinning behavicur out at
0.0% {w/v), only OAAQ-extracted pectins exhibited such behaviour. Phase diagrams showed that at pH 3,
gelation of OAAO mango extracted pecting was possible at low polymer concentration {8.2%; w/w) for a
sucrose concentration of 60% (w/w). OAAO-extracted pecting exhibited a higher gelling ability than HCl-
extracted ones. Sucrose {(45-30%) and pectin {0.2-0.6%) concentration had a deep nnpact on the gel
strength. Our results enable to conclude that the OAAQ extraction froma mango and ambarelia peels allowed
the recovery of pectins that exhibit high gelling properties.

Keywords

introduction

Mango (Mangifera indica} and ambarella {(or golden
apple} (Spondias cythersay are tropical fruits, which
belong to the family of Anacardiaceae (Morton,
1987a,b). In Cameroon, these fruits are widely ecaten
by the population between April and July where
mangoes are produced (200 000-300 000 tons per vear)
with an important post-harvest loss (22% of the
production) (Koubala et ¢/, 2008b). Processing of
mango or ambarella into jam could constitule a way
to reduce this loss. These sweet fruits are also used for (1)
making juices and purees, (i1} canned in sucrose syrup
(Ramsundar er of, 20003, and (01} son or osmotic
dehydration dried (Jiokap er ¢/, 2001; Kameni et &l
2003). Peels and stones, which are the by-products of
these fruits, can be used for animal feeding. It has been
shown that these peels are good sources of pectins
(Berardinl er af, 2005, Koubala er ¢/, 2008a) as are
citrus peels and apple pomaces, which are the two main
sources of commercial pectins (May, 1990).
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Ambareila, extraction, gelation, mango, peel pectins, rheological properties.
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Pectins are a family of complex polysaccharides
mainly present in the primary cell wall and intercetludar
regions of dicotyledons {Voragen et @/, 1995). Stroctuor-
ally, they are generally described as an alternation of
smooth (made of homogalacturonans, HGs) and hairy
{made of type I rhamnogalacturonans, RGs-1} regions.
HG is composed of (I — 4)-linked «-Th-galactaronic
acid {GalpA) residues that can be partly methylesterified
at Cg (Pilmk & Voragen, 1970} and possibly partly
acetylesterified at O, or O3 {(Ralet er @/, 2002). RG-Ts
backbone is composed of the repeating disaccharide
{— 4po-D-GalpA-(1 - 23 o-L-Rhap(1 — ] and
about 20-80% of the rhammosyl (Rhap) residues are
sabstituted at €y with neotral sugars, mainly arabinose
and galactose, which constitute the side chains of RG-1
(Ridley er af., 2001; Schols & Voragen, 2002). The
degree of methylation (DM) and degree of acetylation
{DAc) are defined as the percentage of GalA amis
esterified with methanol or acetic acid respectively.
Pectins have many applications in food science and
nudrition, cosmetics and pharmacy. They are widely
used a3 food additives for their thickening, gelling and
enulsifying properties in jams (May, 1997), soft drinks,
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fish (Barrera ef @/, 2002), meat and milk products
(Ralei et al., 2002). Highly methylated (DM S0%:)
pectins gel - low pH {2.5-3.8) with a high sugar
concentration { > 55%) (Rehn et al., ,()UT). Rheological
properties of pectin gels are mﬂucnced by intrinsic
{molar mass, rhamnose content, DM, DACc) and extrin-
sic {concentrations in polymer and sucrose, pH and
temperature) parameters {Rolin #7 o/, 1998). 1t has been
reported that extracting conditions have an effect on the
hiochemical and rheol@mcw properties of pectins (Ralet
et af., 1994; Koubala er of., 2008b) Studies on the
rheological properties of polysaccharides from mango
pulp showed a shevu thinning behaviour up to a
concentration of 3 g L7 (Ea;»*hm et al., 2002). Buttercup
squash {roit pﬁctim extracted with HNG; formed only
weak gels compared to citric acid-extracted pectins
which formed strong gels ("Donoghue & Somertield,
2007y, 1t bas been shown that Ceni and Springfﬁe]d
mango peels pectins extracted using HCH (pH 1.5) had
b(_sod gelling properties (gel strength of 162-232° Sag)
compared with water-extracted pectins {Kratchanova
et al., 1991).

Recert studies on mango {(Amdliorée and Mango
varieties) and ambarella peels pecting highlighted the
dcmp mmpact of extraction conditions on the yield and
the biochemical characteristics {uronic acids and neutral
sugars content, DM and molar mass) (Koubala er af.,
2008a,b). In this work, we present the rheological and
gelling properties of mango and ambarella peels pectins
extracted with different conditions {H(‘l and oxalic
acid/ammonium oxalate {CAAQG)]. The effect of sucrose
and pectin concentration on the gelling capacity is also

L

presented. The opportunity of using these pecting as
food additives is assessed.

Materials and methods

Sampling

Ambarella and three mangjo varieties {Améliorée,

Mango; Nord and Mangog,) pectins were extracted from
peels wsing HCL or OAAQ as previously described
{Koubala et ¢/, 2008a,b). The considered extraction
conditions were: hvdrochloric acid 0.03 M (pH 1.5} at
&5 °C for | h, and OAAD §.25% (pH 4.6} at 85 °C for
I h. Lime pectins, which were extracted in the same
conditions and commercial citrus HM pectin {Danisco,
Pectin Cultor, Denmark, DM 70%) were used for
comparison. Raw pecting were solubilised overnight in
deionised water (1% w/w)} under magnetic stirring at
4°C. The resulting extracts were centrifuged
{9000 x g/153 miry (Sigma 3K30; Sigma Laboratory
Centrifuges, Oste-rode am Harz, Germany). Recovered
supernatants were fAltered on a membrane (3 ywm) and
were then added to three volumes of ethanol (96%) to
precipitate pectins. Pectins coagubim was washed (six
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times} with ethanol (72%) and with pure acctone (two
times) hefore drymg in a ventilated oven at 40 °C
vermight.

Experimental

Chemical characterisation of purified pectin
The uronic acid contents of the extracted pecting were
determined colorimetrically by the aotomated m-phe-
nyiphenol method (Thibault, 1979). Neutral sugars were
analysed as their aldita] acetate derivatives by gas liquid
chromatography (GLC) after acid hydrolyms {Blakeney
et af., 1983}, Pectin methoxyl contents were determined
by HPLC. Pectins were treated with 1 w NaOH and the
methoxyl released were quantified by HPLC on a (18
colunn, as previously described by i f‘vigue et al. (2002).
Pectin average molar masses and intrinsic viscosities
were determined using high-performance size-exclusion
"i*mm%tography {(HP-SEC), as described by Ralet ez @/,
(2001
ihg tmportance of HG zone and the number and/or
length of ‘the neutral s sugars (side chains) were assessed
using ‘AU/Rba” (HG zone) and "Arva+ Gal/Rha” (side
hams) ratios, remwuvely AU, Rha, Gal and Ara are
respectively the uronic acid, rhamr.osﬁ, galactose and
arabinose content of the purified pectin.

Preparation and rheclogical characterisation of pecting
selutions

Pecting were dissolved in deionised water by magnetic
sturing overnight at 4 °C. The pH of the solution was
adjusted to three with few drops of HCH (0.1 m).

The rheological behaviour of the pectic solutions at
two concentrations (8.6% and 1% w/v} was investigated
with a controlled-strain rheometer (RFS 11, BD(}LM
Rheometrics, Inc., Piscataway, NJ, USA), using a
cones/plane geometry (dmm»ter 50 om, angle 2.25°,
gap 50 pmy at 20 °C. Flow measurements were per-
formed between 0.01 and 100 s™'. Dynamic measure-
ments were performed in the range of 8.01-100 rad 57
at a percentage strain between 10% and 30%., d:pa nding
on the pectin concentration, so as o remain in the
viscoelastic linear domain, The variation of storage (G)
and loss {7y modubis (mechanical spectra) was
recorded over these pulsation range.

Preparation of the gels and phase diagrams

Agqueous solutions containing different concentrations
of mango (Mango yeq, Mangog,extracted with CAAD)
peels pectins were prepared. Various qmm]tm of
sucrose {(40-70% w/w} were added and each muxture
was heated at 100 °C for 30 min while stirring. Citric
acid {0.5 M) was then added slowly to reach 0.05 v (pH
3y m the Gnal slurry. The slorry was poured nto a
previously oiled glass tube (5 x 1.1 om). The surface of
the shurry was covered with paraffin oil and the mixture

© 2009 The Authors. dournal compilation © 2008 iInstitute of Food Science and Technology
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was left for 16 h at room temperature. After this delay
the system was considered to be a sol when it flowed
casily. Sol/gel transition was defined at the onset of the
meniscus deformation when the tube was held horizon-
tal. Determination of the sol-gel fransition was repro-
ducible within less than 5% marginal error.

Rheological characterisation of pectin gels

Rheological properties of pectin/sucrose gels were
determined with a Carri-med CSL 100 (CSL10Q,
105847; Carri-Med Lid, Porking, Surrey, UK) con-
trolled stress rheometer, using a temperature-regulated
cone-plate device (radius 2 cm; angle 4°01°027, gap
98 pum}. The pectin/sucrose sclution was prepared as
described above and acidified. The final concentration of
sucrose in the slurry was 60% and that of pectins was
0.6% (w/w) at pH 3. The pectin concentration was
increased to 1% when the systemn did not gel. The effect
of sucrose and pectin concentrations on the gelling
properties of two mango peel pectins was also studied.
The slurry was poured onto the rheometer plate heated
at 90 °C and the surface of the sample was covered with
paraffin oil. The systemn was cooled at 20 °C before
starting rheological measurements.

Kinetics of gel formation at 20 °C were monitored by
measuring the storage (G and the loss modulus (G7) at
! Hz at 1% deformation for 22-24 h, At equilibrium,
mechanical spectra of the set gels were recorded by
subjecting the gels to a frequency sweep (0.01-10 Hz) at
a constant stram of 1%, well within the viscoelastic
linear range.

Statistical treatment

Measurements were performed at least twice.

were compared using Student’s r-test, and the differences
were determined by variance analysis (£ < 8.85). Cor-
relation between biochemical and rheological properties

Results

of pecting was studied by Pearson correlations
(P < 0.05).

Results and discussion

Biochemical characteristics of purified mango and
ambarelia peels pectins

Biochemical characteristics of purified ambarella and
mango peels pecting were significantly (£ < 0.05)
different according to the extraction conditions and
the source of raw material used (Table 1), HCl extracted
pectins have the highest value of neutral sugars (214
259 mg g7y meanwhile those extracted using OAAD
are highly methylated (69-77%) with high molar roass
and intrinsic viscosity. Mango peels pectins show good
blochemical characteristics whatever the extraction
condition used. Compared to unpurified mango and
ambarella peels pectins (Koubala er ¢f, 2008a3; b).

© 2008 The Authors. Joumal compiiation © 2008 nstitute of Food Science and Technalogy

purification increased the neutral sugar and uronic acid
contents, as well as the DM of pectins. Table | shows
that OAAQO extracted pecting have more HG zone than
HCl-extracted ones. Compared to ambarella and lime
pecting, mango pectins exhibit a particularly high
intrinsic viscosity values which means that they have
higher DP or molecular waight (Morris, 1995).

Flow behaviour of pectin solutions

The flow behaviour of mango and ambarella peel pectin
solutions (1% and 0.6%; w/v} is summarised in Table 2.
At 1% concentration for all extracted pectins, viscosities
decreased when the shear rate increased evidencing the
shear thinming behaviour of the samples, as already
noticed by Marcotie ef @f. (2001}, The shear thinning
behaviour observed 1s due to the disruption of entan-
glement of pectin chains at high enough concentration
when shearing is applied (Rolin ef af., 1998). At 0.6%
{(w/v), only OAAG-extracted pectin solutions exhibited
a shear thinning behaviour whereas HCl- extracted ones
showed a newtonian behavicur (not shown}. At a given
shear rate, highest viscosities were recorded for OAAD-
extracted pectins. Commercial and extracted lime pec-
tins exhibited the same flow behaviour but the recorded
viscosity values (11 mPa ¢) at a constant shear rate
(16 s"l) are lower than that of Mangopy,, extracted
pectin (17 mPa s). These high viscosity values obtained
for OAAQO-extracted mango pectins could be explained
by their high intrinsic viscosity, which is a reflect of their
molar mass. Significant correlation (p < 0.05) were
established between viscosity {at 100 57"} and the molar
mass {r = 0.77) (Table 3). According to Rolin ef af.
{199%), at low concentrations { <{0.5%}, pectin solutions
exhibit generally a newtonian behaviour. Tt has been
reported that viscosity wvsually increases with polymer
concentration (Ganter et af., 1992}

Frequency sweeps performed over a range of 0.01-
100 rad s7° at 1% concentration showed that whatever
the pulsation, the loss modulus (G7) was higher than the
storage modulus (7Y (Fig. 1). Both the slopes of the
curves and the crossover of &7 and 7 values observed at
highest pulsation (around 100 rad s7') demonstrated a
macromolecular solution behaviour. Mechanical spec-
tram obtained with lime pectin was similar to that of
mango and ambarella peels pectin. For a given pulsa-
tion, values of & and G are well correlated with
viscosities. The highest wvalues of & and G were
recorded for OAAQ mango extracted pectins, which
exhibited the highest wvalues of intrinsic viscosity
{Table 1).

Phase diagrams of sucrose/pecting systems

The sol/gel transition lines of two pectins/sucrose
systerns are plotted in Fig. 2. The transition lines for

Taternational Journal of Food Science and Techunology 2009
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Table 1 Physico-chemical characteristics {uroni
{nl} and (Ara -+ Galy’Rha and AU/Rbha ratios}

cid and neutral sugar content, depree of methylation (DM), molar mass (M), infrinsic viscosity
of some mango and ambarella peel pectins

Plant material Extractant  Uronic acids {mg g™

Neutral Sugars Img g '} {Ara + Gall/ Rha (w/w) AU/Rha fw/w)] DM (%) M, (kDa) 2] imk g

269 + 10°
2067 + 9°

Améliorse HCH (pH 1.5) 686 = 5.59

Mang yera 713 = 2.1

Mangosuy 748 x 0.2° 214 % 12°
Améliorée QAAL 230 + 15°
MangCnora 178 + 6.6°
Mangosus 108 + 1.27
Arabarells HCI 125 + 3°
QAAL 158 = 2.7°
Lime HO 88 + 1"
OAADC G7 = Q.69
Commercial 825 = 79 1 2

21 72 55 140 289 x &'
22 ]6 75 327 876 + 64
25 101 72 297 778 1 43%°
25 82 69 836 1100 = 34°
23 108 75 656 1680 » 4%
18 135 77 B30 1637 x 33°
3 33 50 110 179+ 7
5 33 60 370 783 x 4%
g 93 75 112 337 x 87
12 120 58 255 757 2 &
5 79 65 205 514 % 4°

Mean valuss from triplicate measurements » standard deviation. Values
different {P < .05},

in the same coiumn followed by different supserscripts are significantly

Pectins were extracted using HCl {pH 1.5} or oxalic acid/ammonium oxalate {QAAD} and purified. They are compared to {ime extracted peactin and

commercial pectin.

Table 2 Flow behaviour of mango and ambarella peels pecting

P

suspensions (0.6 and 1%; w/v)

Pectins
concentration {w/v)
Extraction —_—
Plant source condition §.8% 1%
Améiiorse HCl {pH 1.5) N ST
Mang wvoro N 57
Mangos,q N ST
Ameéliorée GAAD 57 ST
Mangonora ST ST
Mangosus ST 57
Aribarella HCI N ST
GAAD 57 ST
Lime HCH ST
OAAQ ST 57
Commercial N ST

N, Newtonian behaviour; 87, shear thinning behavicur.

Pectins were extracted using HCl {pH 1.5} or oxalic acid/ammonium
oxalate (DAAD) and compared with commercial (Danisco) and labora-
tory extracted (HCI and QAAD) lime pactins.

these two systems have the same shape. For both
samples (OAAQ extracted Mangon,,, and Mangog,,
pectins), and above 65% {w/w), the sucrose concentra-
tion affects only in a few extend the quantity of pectin
neaded. No gels can be obtained under 2% {(w/w) of
pectins for sucrose helow 40% (w/w). The mango pectin
concentration used to obtain gel is lower than that of
Citrus (lime and Danisco) pectin, The gel-formation
ability of mango peels pecting n the presence of only
45% (w/w} sucrose is probably a result of their high
molar mass, their DM and the high ‘uronic acid/rham-
nose’ ratio. Mangox,., and Mangos,, mango peels

International Journal of Food Scien
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pectins exhibit the same gelling capacity. This could be
related to their similar biochemical characteristics
(Table 1). Ralet er af. {1994} showed using HCl-ex-
tracted lemon pectins, that at pH 3 and 60% (w/w)
sacrose, 0.153% (w/w) pectins was necessary to obtain a
gel. For mango peels pectins, a concentration of .25%
{w/w} 1s necessary to have gelation. Becreasing the pH
of the sucrose/pectin systera from 3 to 2.5 considerably
increased the gelling capacity of pectins (results not
shown)}. The influence of pH on the gelation of high-
esfer citrus pectin was studied by El-Nawawi & Heikel
{1997y who observed that the setting time {reverse
gelling capacity) of HM pectins increased (threcfold)
when the pH changed from 2.1 to 2.9

Effect of extracting condition on the gelling ability of
mango and ambarelia peels pectins

Optimum gelling conditions of mango and ambarella
peels pectins were determined using results previously
obtained by phase diagrams {Fig. 2).

Gelation kinetics of mango and ambarella peels pecting

The gelation kinetics of mango and ambarella peels
pectins are very different according to the extraction
condition and the plant material used (Table 4). Gel
systems were formed with 60% (w/w} sucrose and 8.6%
{w/w) pectins at pH 3. In all cases, a rapid evolution of
storage modulus (&) was vecorded during the first
minetes followed by a slow evolution before a constant
value of &' was reached after 10 or 15 h (not shown). In
these conditions, the highest values of G were recorded
for OAAG-extracted pectins (8001100 Pa), especially
for Mangon,; mango peel pectins {Table 4). Pectin
concentration was increased at 1% (w/w) when no

© 2009 The Authors. dournal compilation © 2008 iInstitute of Food Science and Technology
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Table 3 Correlation

1 between biochemical (DM, M, [x], (Ara+ Gal)/Rha and AU/Rha ratio) and rheological (fow behaviour and gel strength

described as recorded value of &) properties of mango and ambareila

peels pecting

Biochemical properties

Rheological parameters it 1%, {n} {Ara+ Gall/Rha Al}/BRha
Viscosity {(Pa.s} of pectins solution at 100 7" 0.47" 0.77 0.89 652" 0.50
Gel strength G {Pa) 51 0.01 Hz 04.58 0.74 2,88 057" 0.74
*No significant correlation. rvaiues are given at £ < 0.05.
Gel were formed with 0.6% (w/w} pectins and 80% {(w/w} sucrose at pH 3,
(@) 10° ¢ . : emrrreetey {b}ig? ey . : vy
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13 A ; . 15 . P . eid
10° 19! 102 16° 10! 1902

Freguency (rad s}

Figure 1 I

reguency sweep of mango {Ame = dméliorée, Mango,
compared fo i,

me and commercial {Danisce) pectins. Peo

gelation occurred at 0.6% {w/w). At a pectin concen-
ti ation of 1% {w/w}, commercial citrus pectin exhibited

high gelling properties (G = 1300 Pa). No gelation was
observed with HCl- emrmted ambarella pectin, even at
c)/

Yo {w/Ww)} concentration. Since the intrinsic viscosity of
pwtm is tightly correlated with its gelling capacity
(Tabie 3), one of the reasons of the weak gelation of
HCl-ambarella pectin could be its low intrinsic viscosity
{179 mL g™} This pectin shows alse 2 low content of

galacturonic acid {557 mg g7} coupled with a low DM
value {50%;}, all these factors being known to badly

affect the Lgc;ation process in presence of sugar and in
acidic conditions. The highest gelling ability of OAAO-
extracted mango peels pectins could be explained by
their high molar masses, DM and pmbabi" their
extended side chains characterised by their high intrinsic
viscosity (Table 1). In agreement with \for.«igm et al.
{1995) and Biton (2002}, these highly methylated (71
77% Y OAAO mango pectin are said to be rapid or ultra-
rapid set (3-7 mun). Lofgren & Hemansson (2007)

© 2009 The Authors. Joumal campiiation © 2000 Institute of Food Science and Technalogy

4 (2) and ambarella (Amb) {b) peels pecting at 4 concentration of 1
ns were extracted using HCl or OAAQ

Frequency {rad s7%)

Yo {w/V}

noticed that to have the best gelling ability, HM (DM:
72%) Hme pectins should be used at ligh concentrations
(20.8%) (w/w). With Mango mango peel pectins
extracted using OAAD, a good gelling ability was
obtained at 0.6% {(w/w}. Considering the same source
of pectin, the gelling ability of pectins is different
according to the extractant used. This was also the case
of HCl-extracted lime pectins which formed stronge
gels compared to water-extracted hime pectins after
extrusion cooking (Ralet 7 a/., 1994).

Study of the gels strength
Figure 3 presents the evolution of storage () and loss
((’”} moduli at various frequencies (6.01-10 Hz) for
mango and ambarelia peel pectin systems compare with
lime and commercial pectins. Nearly all sucrose/pectins
muxtures evidenced gel formation {except for Ambarella-
HC, with ¢ higher than 7 at all frequencies and a
slight dependence of G with frequencies. The higher the
value of ¢, the stronger are the formed gels formed with

Taternational Journal of Food Science and Techunology 2009
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80

Gel

50

Sucrose (% wiw}

=3
(=]
T

Peotins {Y% wiw}

Figure 2 Phase diagrams at pH 3 of Mangon,,. () and Mangog,; ()

peels pectins compared to He pectin ({1}, extracted with OAAQ, and to

COMI sctin {¢}. The critical pectin concentration for
gelation is determined as a function of sucrose concentration {w/w %)}.

mango and ambarella peel pectin. The strongest gels
(G G = = 13-21) were obtained with OAAG-extra ctcd
mango pecting (8.6%). Figure 3a shows that mechani-
cal spectrum of Mangond pectin {(§.6% w/w) gel
presents the same characteristic {evolution of & and
G’y as that of gel obtained with 1% of commercial lime
pe“tm% HCl-extracted mango peels pectins formed, at
the same concentration, stronger gels than commercial
citrua pectin and citrus pectins extracted in the same
condition. No gel was immeo using 1% (w/w) HCI
ambarella peel pectins (G7 < &) Whatever the ex-
tractant used, Améliorde mango peel pectins formed
weak gels gomp’arcd to Mango .., mango peel pectins.
Compared to mango peels pectins, ambarella peels

pectins exhibited lower IZ"H‘T" '3r0peﬂies The slight
increase in 7 and the high &7/G” ratio, observed for the
mechanical spectra in the iru]mm:y range explored,
showed that most of these systems are viscoelastic sohids
referred to as true gels (Clark & Ross-Murphy, 1987).
Statistical analym showed 2 significant correlation
(r = {.59-0.74) at £ < (.05 between some biochernical

haracteristics (DM, M, and AU/Rha) of pecting and
Gels strength (recorded Gy {Table 3). This confirms that
‘H(r proportion and molar mass are bouportant param-
eters for the gelation of mango and ambarella peels
pectins.

Effect of pectin and sucrose conceniration on the gelling
properties of ambarella and mango peel pectins

Effect of pectin concentrai ion

Pectin concendration affected considerably the gelling
ability of mango peel pectms as shown in Fig. 4a (rcix
could be formed at pH 3 for 68% (w/w) of sucrose and
at pectin concenirations ranging from 0.2% 1o 0.6%
{(w/w). With 0.6% of pectins, the gels were formed
within few minutes after cooling the systera at 26 °C.
When m‘n‘g $4.2% pectins, there was a slow evolution of
storage modulus (G') that reached a constant value 5 h
after gelation began (figure not shown). At high pectin
concentrations (0.6%), Mangoy,rq pectins eV\AAlbli\/d the
best gelling pro pomex Since the number and length of
neutral sugars side chains are also important in pectins
gelation, this could be due by the fact that Mango g
pectins (178 mg g7'; 1680 mL g™"} have high neutral
sugar contents compared to those of Mangog,, (106
mg g 1537 mL g7y and also higher intrinsic viscos-
ities. For hoth pectins, at equilibrinm, values of ¢
decreased 5-fold when using 0.2% of pectins instead of
0.6% (w/w).

Table ¢ Gelling capacity of mango and

& {Pal ambarella peels pectins expressed by values
Plant source Extractant At 1) min atth At 20 h of storage modulus {G) obiained at 10 min,
Améiiorse HCl 0.3 001 0.4 = 0.07 12007 1” aad 20 0 after the beginuing of golation
Mangouea 100 « &9 267 + o 558 + 10 kinetios (20 °C).
Mangosug 150 + 7° 292 £ 10° 884 x B¢
Ambarella 0.2 + 0.07% 06.25 + 0.0 0.8 = 0.07
Lime 4+ 0,29 52+ 7 228 = 1¢°
Lime Commercial 2 +0.01 2.5 1020 401"
Améliorée OAAD 21 44 x & 252 + 7¢
MBOGON o 300+ 11° 674 + 15° 1185 1 13°
Mangosuas 170 + 7 403 + & 873 x 28"
Ambarella 35040 3.5 % 0.29 5+ 0.01°
Lime 73+ 3° 135+ 7° 573 = 15¢¢

Mean values from tripiicate measuremeants » standard deviation. Values in the same column

followed by different superscripts are significantly different (P < 0.05).

The gsais were formed at pH 3, 80% (w/w) of sucrose for 0.6% (w/w) of pecti

ns from man Qo

{Améliorée, MangOnera, Mangog,g or ambarelia pesis. They are comparad with commercial
{Danisco} pacting and laboratory extracted lime pecting, Pacting were extracted using HC! or CAAD
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Figure 3 Frequency sweep of mango (Ame = dmeliorée, Mangoyn,»q) and ambarella {Amb.} peels pectins pel compared o lime and commercial
{Danisco) pectin. Pxtracted pecting were used at (.6%% (w/w) (a) and 1% (b) against 60% (w/w} of sucrose concentration at piH 3.
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Figure 4 Evolution of storage moduius (G with QAAQ pectins {from Mango N, = Mangonea; Mange S. = Mangog,4) oF sucrose

concentration at pH 3. Pecting concentration varied from 0.2% to 0.6% (w/w} when sucrose was fixed at 60% (w/w} (3). Sucrose concentraiion
vatied from 45% to 60% (w/w} while pectins was constant at 0.6% {(w/w} (b).

Effect of sucrase concentration

The gelation kinetics of 8.6% mango (Mangoy,,.q and
Mangog, ;) peels pectins also varied according to the
sucrose concentration used. At high sucrose concentra-
fion {60-50%; w/w), Mangoy,.. pectins exhibited the
best gelling ability. At lower concentration of sucrose
{£45%), no difference mn gelling ability was observed
between the two mango peels pectins. Results suggest
that to form gels, OAAO mango peels need lower

© 2008 The Authors. Joumal compiiation © 2008 nstitute of Food Science and Technalogy

{<53%) gquantities of sucrose. This is well demonstrated
in Fig. 4b where values of G varied shightly at higher
sucrose concentration. This observation is in agreement
with Ralet es af. (1994) who noticed that for water and
HCl-extracted lime pecting, &7 increased markedly from
45% to 55% (w/w} of sucrose and remained constant at
high sucrose concendration (53-60%). If sugar concen-
tration has an effect on the gelling properties of pecting,
the type of sugar also influences the gelling ability of

Taternational Journal of Food Science and Techunology 2009
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pectins: G values of glucose gels are higher than those of
fructose gels (Rao & Cooley, 1994). Evagelion ef gl
{2000) also observed that veplacement of sucrose by
glucose or fructose caused large changes in gelation oi
HM pectin  at acidic pH, in the order {ruc-
tose < sucrose < glucose.

Conclusion

Our study allows concluding that HM mango and
ambarella peel pecting exhibited a shear thinping
behaviour at 1% (w/v) concentration. With respect fo
plant source and extraction conditions, GAAO-ex-
fracted Mangon,.s peels pectins showed the best
viscoelastic properties under various shear rates even
compared to the citrus commercial pectins {Danisco).
This 1s correlated to the higher values of intrinsic
viscosity of mango pectins. ()ui‘/ (3.2% {(w/w) of DAAD
mango pecting in the presence of 60% (w/w) of sucrose
at pH 3 was needed to form strong gels. OAAOD-
extracted pectins exhibited better gelling properties
(G" = 900-1100 Pa) than HClextracted pectins
(¢ = 600 Pa). Whatever the extraction condition used,
ei f@rmed using mango peels pecting were stronger

those fom’m with ambareila peels pectins. The
varig ‘hon of pectin concentration markedly affected the
rels strcngtu. OAAQ extraction conditions could be
sed in food industries to recover high vields (Koubala

1
H ig
7 ~N

et al,

., 2008a.by ultra rapid set pectins.
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Microwave-assisted extraction of lime pectin™
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ide. Rhammogalacturonan T oontains arabinan, gelacizn and . the whals ;}ee} is e:x.ts" i od wmdd@“‘ 9 9, b In ;h & stady
aw“iﬁugaia@m dde chafns, These wonosscharide vaits we frectionated Hoes o favedo, aibede sud pulp with
comprise yaosl of sugar votty found dn peasing the fufoe and seeds remmvad, The pectin molosulay propee
Pealb b found cliquitonsly in the epiowrp (avedl,  vies from cach fraction were cimrac eriy d by HPSEC with
megocarp (adbede} and endooarp {edibls postica) of the onfine satic and ‘*mm‘:sa Hght sow {DLEY and
¥ t;,t: viseosity detection. Alw galsoty cpree of rosthyd

2

ascduble material which remaing i called puip. Previous]
wy have determingd the weight dverdge modar mas \M\”
and deinsin viwostty Ind and the soversoy mdhue of
gyraticn (R} o # fusction of hesting fime fur the

X

e, After the e & s{;;u&ze».i out ol the lwme,
:

253
Sk
L

ot
caberification and neutral sugsr con r‘m were determined
for cach frastion. tn ;zsifimmﬂ peatin frone the aibeds way
(::Eza:‘amx:msd by offiine m sittangle DLE,

3. Mntheds

e s* oo (rade ravee o Cominneeial products in ihia rui\iimﬁw\ 18

sofely for the perpese of providing speeils mfoomatiom and does we Y5 A
waply Yeommindidion or sndotionént by the B Pepariment of ’ '
Agrionture.

oo \pumy s it Tal: FEEHE G+ ETIAIIIS406. Freeh Bavedo, slbede and pulp wers obinined from
Bavald addvesy mfishmsniiorreans vsdygov (VUL Pldiman), tropical seediess limes which wars grown v Florida, Upon




-

arvival, the flavedo way sleipped frond the stin witk a
potate pesler, followed by renmrad of the albede with &
pering koife, The julee was :awmsim frony the pulp by
placing the erdocarp o an sleotric . The pusticle stees
of the Savedo, albedo sid pidpowers redused by wrinding i
x Coiginart mind prep phis provessorn. Prior o exteactiog,
the puly wae washed thees tmes with 1L of HPLOgoude
water per 100g of pulp {o reypove extrapous matesial
which ndght be prosend. Exvess xs\&ts:‘* was vemaved by
signeesing i wut heotgh misacloth. The washed padp wag
stored polyethylens bags =20 g
ﬁXii’&Gﬁ{KL

r;iv)

&8 3l

i

2.2, Exiraction

2.
Limee poctin wis sxivacted by a patented MAE provedure
{Flakmman & Chaoy 2000 Pihenan, Chae, Hoagland, &
Ayvad, 2080 Soopls wore hested in g OFM, moded
BERS-Z000 mmcrawave oven, Flavede, athedo or pulp (F, &
or By was fmisai\,d ak # freqmz MUY with

L eae dispersed i
rzsa)f.‘i of slx microwave
selwas sguippesd with
A pressure and fmmperss

=

Qt W

25mL of ;si& 2 E?i‘(?i asz:'xsi p%ﬁs:{td i
fransparent pressure vessels. O e
dovises which sensed and controlied

sure, Meating thes renged from 1 & I0min. Pressureg
wepe pot allowed tooereeed 304207, The mpersture
at that pressure was sbowt MO The change of

k;'sztzperamm amb presenre with heating \R‘TR‘ has begn
pablishel provivady (Fishoas, Chan e o, 2000, Al

heating, the 's\mmim wore aHowed o woul for half an heur
@t room temperabive and Shersd t‘imagh auracioth, The
Bltrate way precipitated with 70% isopropansd (PAY
separated from the mother Hguor, washed firsd with 8%
PA followed by 1% TPAL Then, the sample was dried
winder vacnum without beating aad sterert dn refyigemnior

natil anabyeed '

2.3 Chramatography
Dy sample Qmgiel} wae dissolved in soabile phase

{LOE M NaDOy), contrifuged &t 38,000y for Wmin and
filtered i‘is‘m gh & 023 445 g Millex HY 8lter
{Millipors Corp., Bedford, MAL The flow rate for the
saiveny delivery systom, mosdel TIO0 soriey deggeser, agin
sanipler and panp (Satient), was 0.7 ;L fsin, The injee-
tion volume was 200 gl Sanpdey werg mun fn tuiplicate,
The columy sof gomisted of two PL Aguaged GH-60 sad
ong UH-40 stz emi wion columas (Folymer Laboratones
Amhearst, MA} o sevies. The oolumns wers dn 2 wter bath
setat i’§ e Two H'{“b hromatngrnphs wers soployed.
These differed oaly n t‘h onduman efffvent detontors s,
Ope chrosptograph was Bitad with 3 Dawn BSP podils
angle ey Hght Wﬁi i *\hoimmwr {(MALELSY *'W*'a*t

QF

Teehnology, Santa Bar ¥* ATH, 1 oaodel 100 Qifferential
prosaurs viscometer {TIPVY (VY 33&'0’5 & Corgr, Housto 33\}

and 3o Cptilel DEF buerferometer (R} (Wyait lvahsmi~
ueyvy Bloctroniy ouipuds from the 587 Ught scattering angle,

DFY and RY were ot to ove divestory of g comyaster for
processing with TRISEC software (Visootek  Comdh

Elactronic cutpute from all the scattering angles mamsurest
by the MALLS, PV and RY wers send to # geport
divectory fm‘ processing with ASTRA™ software {Wyalt

Technologyh The other chromatograph. wag Htted with &
moodel ?’}1}2{ G/DLS weo-angle static dight suattering

photomuster {VALLS) (Frecision Destectors,  Fraskiin,
MAY bstalled I o moddd 2415 diffrentiyd refrantons
(RI} {Waters Tne., Milford, MAY The PO was alw
fitted with add on B DLS nedule pormitting simults-
arous wmeasurement of statie and BLE. The olsctromic
sutpats from the R, datle and DL moduley wors sent o
& oomputer and processed by Precisiondequire3? aad

FrovidonAnalyre soffware.
24 Mubiongh BLE

Offfine, batch-mode pwibisngh DLE rocastraments ha
begn t:’i*sara%x sd previowsly (Fasesll ot 4l ,9}36}‘ ﬁmﬁ},

v Malvers Sv\sxem Radel 4700
e&;nippa& with a 33&-channdd correlator, Lightat 88 am
ras generated by 2 Spectre Physics Moded 3020, % e
ﬁLS measureresnit wore mads at 30 60, 90, 120% and

1A, The data wers processad by Malvern Automenen e

V. 412 sofbvare, Mul- -aigle analysls was petformed wit
Malvers softwars (Dvmaeings & Staples, 1987 Sx:sf
;}@zimtmm\: and susiveis sofbwiee wers tosied on 81 an si
485 n dluncter beads and fomd o be ascurate withis

IMURAVEDIONLR Ware 3

meer

¥

S Cempasitions] analvsls
Anhydrogalavturonate coptert (%0} was dstermized by
the Snlfamate/ B Fhenyipheno! Colotimotric Method (Pl
seitbCoe & Carpita, 198} as .:mafﬁui byY Vishoan,
Savary, amd Hotchliss Jro Q3L Degrot of st wi
saterifioation {9 IR was determined by any HPLC msthed
AROH, §>ch\s 5, sad Plaik (1988 Newtral

developed by ¥
sugar condent (%NS} was detavnined ‘wti the Phenul

O,

¢
{/

Sulfaric And Colorhumstric Method | {Thbalz, Clittog,
Hamilion, Hebers, & Smith, 958

3. Results and discusslon

e gensral, sdvantages of MAE of protin i 3 olosed
veass! inchide rupid heatlog tow giaw super houtingy,
control of lamperaturs and prossurs, bigher tomperaturss,
higher progsures and neg zasb e volatifity of solvents.

The kinctics of heatiny for seoples extoated by
nicrowave ensrgy b detormined by the fand uf he saniples
Tand is the ratio of the dielsotrie foss to dislesyriv
congtant, €, of the suupls (Phes &

tan &




>,, u chatradt
2 whereas

¢ of g sample's ability o d.& :;m:c mai sargy
{i ¢, enmvart slectromagoetie SOSTRY tte heat snergy). londe
aehi ? o wed dipoly rotation are the wost mportan
me d}tzn we for prosiuctug diedestric lovs. Thus, the speed
of heating increascy with ‘Increasing rupidity of dipole
rovbation sad donle conduction.
Proliminary cxperinents on
water; revealad that ue pectin pould be

The valie of o 1y 8 measure of & saople’s
oritrowRaTe DUSTRY #8 H passay theougd t}v [
&7 s 8 wasurg

2 T

g

athedo dispersed In purs
extractad by MAR

pader prossurs {dals sot shown) E“W‘ *‘x.ps:rzizmms
gppear o mdicats thal rapid MAT of peotin oocurs by

copventional acid extraction. iwm“‘ziau\% s‘aui‘sahm\ pecti
snd other g.tsaﬁa-pmsarst }% id in tiw £, § Fips, velativ
i Dges bm ds are brokas,
B osa ghoeosidie Hnkages

n\im\‘ eoter groupy witached io
ooles oonpled with the

%

Aoid also h‘"iwwz
poctin, Bapid rotation ui water dip
tonie sonductanse of B amd O dons prov «im 2 sobeant
with ivigh debootie foss capable of he vk :
The wlvaniage of rapid Buting and exisxcling (uinaies)
over comventionad slow ction {te half an howr or
trngard s that fower co-valint bondy are broken, Thiy s

furn produces peﬂtm wh ith higher moby mass and vhoosity
{Fishnwmn, Chaw of sk, 2000; Fishoan, Then, Kolpek, &
Brady, 2001 As m{hu syicerae for s :pm\r\‘ of the fapd
hnting hypothesis, Mgh madie mesy qmd vigonditly ('Em

sin be oblained by exteeting pact
s“apii*' heating under pressars by steam
Natleor, Cha, f Hotohbdes, 2003}
Weo also conducied pralimivary studies {dada not shown}
an the effect of pH at the stunt of heating on the molay
nass and wivinsin visoosity of the pectin exirscted. The
gy tme was Smin. We bund that sield was mversely
Lo inersasing the pH from 1 to 3 whersas molar
mass and irvsic viscosty was increased more or foss
proportonately with moreasing pH. This weehove pH 210
sbtain optimal yizld with bigh molar mass and nteinsic
viseosity.

; am% sv conditiony of
mection (Fishman,

o

3.2, Dy mesier asd peotis diseribagion of Paotions
Table I containg the wet and dry weight of the thees line
fracticnt Abour T4 of the Mg is volakie wadey vaouwun,
The albede containg aboot 4% dry wmadter wheressy te
flavede containg abort 36% and the Savadn shout 3%
Table 2 containe pectin recovared as p-er{:emmze of the dry
weight of the steriing maferigh The tbesly low
& nmt’m ni‘ sir‘f ‘est,:g}“ “wi w:\mp i m, ﬁ \mn ate

N X

3 & {2RaTe &
aibends ] (Y’F?.j‘ v.fq.

LEIEREY, eiieiv': Qg B

The compositional data for dibedo, pulp and Raveds are
in Table |

< 3, Thers appears 1o be no consistend trends with

Py
/\v)

acetiy achl buller

'i

Witeht distrituntos of fmciin

Fraction Wet wright {8} Dy welghs (88 % Dy weight
Albedo 86585 2632 3878

Falp R 297

Flavado Bl Pl 3wl

Totad 76,53 G888

'\\‘ \}\E'« ¥

Waight povnenisge of poctin oo

Time Jwhi

Ao Prity Flavedn Total
25 8.3 {63y 4} {01 LU HERTHO )
R 18 .3 L300 £24
48 4.8 §L8} 188 IS PR
& 3% EE RN )] RRg S FiX
38 R FHE EIC R LE8] 21 48:3) ERESRIN

*Standurd dovatiny of eiplivats anelysic

thine of hesting or Havtion for the variables measured,
Thuse, over ihe time range of L& 10 mdn, compositinnal
vahues sppear o be independent of s:,\imatmr yge, The
resn pereendapss o el sogar NSy, 7 :

drogaisnturonie antd t“ 3y, 8488 and ﬁr‘“m, m‘ :mi.w

lesterifinadion 5% DE, 59075,

34 Molecular propersics of olbeds, Bovede and pulp
Previcously, Fithman of 202001 found thay pectins
terded to be zomew ,:;&E leee apgromated in hthium scotatef
than fn ey ::{ﬁunw T NaM(y, the
mcdar mass of pactin by about H-20% larger for Hgh
methory!l pectin than for s\'ci‘in i cthe iii vy Bfle
Unfortunataly, over a period of twe, G Hihizen bufler,
unfike Nadl;, was found 4o comrode :\e ~§.<<ms£‘ss atesd
capiliavies of the ondding visoometer detegtor: Since the
sinpaitancons messurement of intrinsls viscosity and ninlar
masy was constderad { by oxsentind in sbudying changes in
<1w;;regn&€ao& we dmsc: to abandon the 1 t?“mxli boffer §
favor of Nad, Forthermors, as b shown fot
and in ’tws\ others {Fishmin, Chau & a.i., ,A}uﬁ: i‘-,shnm
Chau of al., 000Y, the ook mass of foes sgprepated Figh
mmimi pncm\ is appreciably lower than 280,000 foand
with use of the lithban buffer sysfenn Thug, the somewhat

3

233

Highur widue oblatned n NaDIG; over Brhtuoy buffer should
not sffert conclusions concernivg the structure of loss

apgeegated povtin,

Molar mases (M) and radil of gysation (HG were
determined. by three difforent xmﬁ.ux myolving online
statie Bl swtierng o cogjometion with HPREC, The
LSV method combines Hght spittered ot one angle (907
and online wiecometry w obtain & and &y s}::&;%mm
Daner, Chau,f & Hoagland, 3600 TALLS ases Hght
soatte two angles (987 and 157 Mousy & Oolf,

vad 8t
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Page 2 of 14
Amendments to the Claims
This listing of claims will replace all prior versions, and listings, of claims in the

application:
1. (Currently Amended) A process for extracting pectin having a high degree of
polymerization comprising:

adding oxalic acid and/or a water-soluble oxalate to an aqueous suspension of a
peel in an amount sufficient to provide a mixture having a pH of between 3.0 and 3.6 and a total
molarity of oxalate greater than a total molarity of calcium_(II) in the peel;

heating the mixture to a temperature from about 50 to about 80°C for a time
sufficient to extract a pectin; and

separating the extracted pectin from the mixture by precipitating the extracted
pectin from the mixture, wherein the extracted pectin has a degree of esterification (DE) of at
least 72 and a high degree of polymerization as characterized by an intrinsic viscosity of greater

than about 6.5 dL/g.

2. (Original) The process according to claim 2, wherein the pH of the mixture prior to

separating the extracted pectin from the mixture is between 3.1 and 3.4.

3. (Original) The process according to claim 2, wherein the mixture is heated to a

temperature from about 70 to about 80°C during the separating of the extracted pectin.

4. (Original) The process according to claim 1, further comprising filtering the mixture to

remove insoluble solids after extracting the pectin and prior to separating the extracted pectin.

20546843.2
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5. (Original) The process according to claim 1, further comprising contacting the mixture
containing the extracted pectin with a ion-exchanging resin prior to separating the extracted

pectin.

6. (Currently Amended) The process according to claim 5, wherein the ion-exchanging

resin comprises a cation-exchanging resin effective to remove oxalate residues, calcium residues,

or combinations thereof from the extracted pectin selectedfrom-the-group-consisting-of LewatiH®

7. (Original) The process according to claim 5, wherein the extracted pectin has a total

oxalate content less than 2.0 mg per 1 g of pectin.

8. (Original) The process according to claim 5, wherein the extracted pectin has a total

calcium content less than 1 mg/g.

9. (Original) The process according to claim 1, further comprising one or more of the steps
of washing, pressing, drying, and milling the extracted pectin after separating the extracted

pectin to obtain a final pectin product.

10. (Original) The process according to claim 1, wherein the yield per peel (Yp) is greater
than about 23%, wherein Yp = 0.1-ys-M/Wp and yy is the yield of solution (liquid extract) in
g/kg, M is the total mass of the mixture before separating the extracted pectin, and Wp is the

weight of the peel used in the aqueous suspension.

20546843.2
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11.  (Original) The process according to claim 10, wherein the product of the yield per peel

and intrinsic viscosity is greater than about 165 % - dL/g.

12. (Original) The process according to claim 1, wherein the extracted pectin has a degree of

esterification (DE) of at least 75.

13. (Original) The process according to claim 1, wherein the extracted pectin has an intrinsic

viscosity (IV) of at least 7.8 dL/g.

14. (Original) The process according to claim 1, wherein the extracted pectin has an intrinsic

viscosity (IV) of at least 8.5 dL/g.

15- 20. (Cancelled)

21. (New) A process for extracting pectin having a high degree of polymerization consisting
essentially of:

adding oxalic acid and/or a water-soluble oxalate to an aqueous suspension of a
peel in an amount sufficient to provide a mixture having a pH of between 3.0 and 3.6 and a total
molarity of oxalate greater than a total molarity of calcium (II) in the peel;

heating the mixture to a temperature from about 50 to about 80°C for a time
sufficient to extract a pectin;

optionally filtering the mixture to remove insoluble solids;

20546843.2
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contacting the mixture containing the extracted pectin with a cation-exchanging
resin; and

separating the extracted pectin from the mixture by precipitating the extracted
pectin from the mixture to obtain a yield per peel (Yp) greater than about 23%, wherein Yp =
0.1-ys:M/Wp and ys is the yield of solution (liquid extract) in g/kg, M is the total mass of the
mixture before separating the extracted pectin, and Wp is the weight of the peel used in the
aqueous suspension;

wherein the extracted pectin has a degree of esterification (DE) of at least 72, a
high degree of polymerization as characterized by an intrinsic viscosity of greater than about 6.5

dL/g.

22. (New) The process according to claim 21, wherein the extracted pectin has a total oxalate

content less than 2.0 mg per 1 g of pectin.

23. (New) The process according to claim 21, wherein the extracted pectin has a total

calcium content less than 1 mg/g.

24, (New) The process according to claim 21, wherein the time sufficient is from about 1

hour to about 3 hours.

25. (New) The process according to claim 21, wherein the extracted pectin has a degree of

esterification (DE) of at least 75.

20546843.2
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26. (New) The process according to claim 21, wherein the extracted pectin has an intrinsic

viscosity (IV) of at least 7.8 dL/g.

20546843.2
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extracting pectin having a high degree of polymerization
includes preparing an aqueous suspension of a pectin-con-
taining plant material; adding oxalic acid and/or a water-
soluble oxalate to the aqueous suspension in an amount suf-
ficient to provide a mixture having a pH of between 3.0 and
3.6 and a total molarity of oxalate greater than a total molarity
of calcium(Il); heating the mixture to a temperature from
about 50 to about 80° C. for a time sufficient to extract pectin
from the pectin-containing plant material; and separating the
extracted pectin from the mixture. The extracted pectin desir-
ably is characterized as having a degree of esterification (DE)
of at least 72 and a high degree of polymerization, the degree
of polymerization being characterized by an intrinsic viscos-
ity of greater than about 6.5 dL/g.

20 Claims, 7 Drawing Sheets
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1
PROCESS FOR EXTRACTION OF PECTIN

TECHNICAL FIELD

Embodiments of the present description relate to methods
for extraction ofhigh quality pectins. In particular, the present
description relates to low-temperature processes for extrac-
tion of pectin from citrus peels that avoids significant degra-
dation of pectin during the extraction process.

BACKGROUND

Pectin 1s a complex polysaccharide associated with plant
cell walls. [t consists of an alpha 1-4 linked polygalacturonic
acid backbone intervened by rhamnose residues and modified
with neutral sugar side chains and non-sugar components
such as acetyl, methyl, and ferulic acid groups. The neutral
sugar side chains, which include arabinan and arabinogalac-
tans, are attached to the rhamnose residues in the backbone.

A significant amount of research on pectins has been car-
ried out due to its importance as a food product, adietary fiber
and a component of cell walls in higher plants, and to the
growing awareness of a number of pharmacological activi-
ties. Current methods of extracting pectin, however, do not
produce pectins of sufficient quality for all such uses.

Conventional methods of pectin extraction require
extended heating of the pectin-containing plant materials at
sub-boiling temperatures (approximately 65-85° C.) in an
acidic media (pH below 2.2) for 1 to 10 hours. These pro-
cesses, however, have high residence times and energy
requirements and may provide only a moderate yield (20-
30%) of pectin using a counter-current process (i.e., a process
using a number, n, of extraction stages with which the origi-
nating raw material goes to extraction stage #1, the originat-
ing pure water goes the stage #n, and for any stage #i, assum-
ing 1<i<n, the liquid comes from stage i+1 while the solids
come from stage i-1). Thus, since the acidic condition is
aggressive, and since a considerable part of the pectin
becomes exposed to the acidic condition repeatedly, the pec-
tins often are degraded during the conventional extraction
processes.

As will be appreciated by those skilled in the art, it is
desirable to extract a pectin having as high a degree of poly-
merization (DP) as possible for as low a cost as possible. The
selection of production conditions like solid/liquid ratio,
acidity, temperature, etc. all effect these conflicting consid-
erations. For example, in order to accomplish an even mod-
erately high yield using conventional processes, extraction
conditions must be aggressive. In addition, following the
extraction, the solids-liquid separation should be as complete
as possible because the liquid that is retained by the solids
after the separation will be exposed to the aggressive extrac-
tion conditions for a second time (due to the counter-current
extraction setup). For the separation to be as complete as
possible, however, the viscosity of the liquid preferably
should be low, which is accomplished either by separating at
high temperature, separating with a low solids/liquid ratio, or
a combination of both. Use of a high temperature in combi-
nation with a low pH, however, is detrimental to the pectin
quality (e.g., its degree of polymerization). Conversely, a low
solids/liquid ratio becomes costly because larger amounts of
water need to be removed from the pectin either by evapora-
tion or by distillation of alcohol. Thus, there remains a need
for a cost-effective process for extracting pectins without
compromising the quality of the extracted pectins.

In addition, it is also important that the final pectin is free
from unwanted contaminants, including any residual pres-
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ence of the acid (and its salts) that was used for extracting the
pectin. Thus, there also is a need in the pectin manufacturing
industry for cost-effective ways of reducing the residual pres-
ence of the acids that were added for the extraction.

Additional aspects will be set forth in part in the description
which follows, and in part will be obvious from the descrip-
tion, or may be learned by practice of the aspects described
below. The advantages described below will be realized and
attained by means of the elements and combinations particu-
larly pointed out in the appended claims. It is to be understood
that both the foregoing general description and the following
detailed description are exemplary and explanatory only and
are not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is a schematic illustration of a system for extracting
pectin according to a particular embodiment.

FIG. 2 is a schematic illustration of a conventional system
for extracting pectin.

FIG. 3 is a graph illustrating the calcium content of pectin
as a function of the dosage of oxalic acid.

FIG. 4 is a graph illustrating the effect of pH upon pectin
extraction yield.

FIG. 5 is a graph illustrating the intrinsic viscosity of
extracted pectin as a function of pH.

FIG. 6 is a graph illustrating the dosage of oxalic acid and
the yield of pectin in percent of the peel.

FIG. 7 is a graph illustrating the product of (pectin yield
times pectin intrinsic viscosity) as a function of the oxalic
acid dosage.

DETAILED DESCRIPTION

Embodiments of the present invention relate to methods for
extraction of high quality pectins from pectin-containing
plant materials using oxalic acid for extraction of the pectin
containing material. Generally described, a process for
extracting pectin having a high degree of polymerization in a
single-stage extraction comprises preparing an aqueous sus-
pension of a pectin-containing plant material; adding oxalic
acid and/or a water-soluble oxalate to the aqueous suspension
in an amount sufficient to provide a mixture having a pH of
between 3.0 and 3.6 and a total molarity of oxalate greater
than a total molarity of calcium(II); heating the mixture to a
temperature from about 50 to about 80° C. for a time sufficient
to extract pectin from the pectin-containing plant material;
and separating the extracted pectin from the mixture. The
extracted pectin desirably is characterized as having a degree
of esterification (DE) of at least 72 and a high degree of
polymerization, the degree of polymerization being charac-
terized by an intrinsic viscosity of greater than about 6 dL/g.

Pectin-containing plant materials are well-known in the art
and include fresh and processed materials as well as plant
residues. Desirably, the pectin-containing plant material is a
fruit, non-limiting examples of which include stone fruits
such as peaches, pome fruits such as apples, and citrus fruits
such as limes, lemons, oranges and grapefruit. The material
may be prepared for extraction using any suitable means and
any suitable portion of the pectin-containing plant material,
for example, by juicing, peeling, coarsely chopping, milling
or grinding the pectin-containing plant material or portions
thereof. In particular embodiments, the pectin-containing
plant material is the fruit peel. The fruit peel of a citrus fruit,
as used herein, means the flavedo, albedo, and juice sacks
(pulp sacks) which remain after juicing the fruit. In alternative
embodiments, the pectin-containing plant material is one or
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more portions of the fruit peel (e.g., the albedo, fractions of
albedo, juice sacks, or combinations thereof).

In embodiments, oxalic acid and/or a water-soluble oxalate
are added to an aqueous solution of the pectin-containing
plant materials. The pectin-containing plant materials gener-
ally are present in an amount from about 2 to about 5% by
weight of the mixture. The oxalic acid and/or water-soluble
oxalate are present in an amount from about 20 to about 50 g
per kg dry material of the pectin-containing plant material.
Desirably, the mixture has a pH between 3.0 and 3.6, a pH
between 3.1 and 3.4, orapH between 3.2 and 3.3. The mixture
also desirably has a total molarity of oxalate greater than a
total molarity of calcium(II). Those skilled in the art will
appreciate that along with the oxalic acid and/or water-
soluble oxalate, the pH of the mixture can be modified with
the addition of minor amounts of suitable bases (e.g., NaOH)
or acids (e.g.. nitric acid) using methods known in the art.

The pectin then is extracted from the pectin-containing
plant materials by heating the mixture to a temperature from
about 50 to about 80° C. for a time sufficient to extract the
pectin. During the pectin extraction, the mixture desirably is
gently stirred and/or agitated using methods known to those
skilled in the art. In particular embodiments, the mixture is
heated to a temperature from about 60 to about 80° C. orto a
temperature from about 70 to about 80° C. Although the yield
generally increases with the time of extraction, the time pref-
erably is minimized to reduce any loss in the degree of poly-
merization in the pectin being extracted. Accordingly, in par-
ticular embodiments a time sufficient to extract the pectin is
from about 0.5 hours to about 5 hours, from about 1 hour to
about 3 hours, or from about 1.5 hours to about 2.5 hours.

Following extraction of the pectin from the pectin-contain-
ing plant materials, insoluble solids (i.e., the residue of the
pectin-containing plant material) may be removed from the
mixture of the extracted pectin using any suitable means, for
example, by one or more filtering steps (e.g., coarse and/or
fine filtration). The extracted pectin then may be precipitated
from the mixture, for example by pouring the extract into an
effective amount of alcohol. Useful alcohols include, but are
not limited to, any alcohol which is compatible with food
applications and which effectively precipitates pectins and
dissolves alcohol-soluble materials. In particular embodi-
ments, the alcohols are isopropyl alcohol, propanol, ethanol,
or methanol. Following precipitation, the extracted pectin
may be separated from the solution and washed with alcohol
to remove as many alcohol-soluble impurities as possible.
The pectin then may be dried and processed into a powder or
further modified (e.g., de-esterified and/or amidated) using
methods known in the art.

In still other particular embodiments, residues may be
removed from the extracted pectin either prior to or after its
separation from the alcohol-water mixture. Such residues
may include, for example, small amounts of the oxalic acid
and oxalate residues that were used for the extraction.
Although a moderate presence of conventional acids (e.g.,
nitric acid) used in extraction processes generally is accepted,
oxalic acid residues likely would only be permissible in very
low amounts due to a lack of prior regulatory use and evalu-
ation in commercial pectin production. Thus, it is desirable to
remove the oxalic acid and calcium oxalate residues from the
extracted pectin. Accordingly, in particular embodiments the
process further comprises exposing the solution of extracted
pectin to a cation-exchanging resin before separating the
extracted pectin from solution, thereby significantly reducing
the oxalate and calcium residues in the final extracted pectin.
Non-limiting examples of suitable cation-exchanging resins
include Lewatit® S1668 and Lewatit® S1468 (Lanxess Deut-
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schland GmbH, Leverkusen, Germany), Purolite® C100E
(Purolite International Ltd., Llantrisant, United Kingdom),
and Amberlite® SR1L Na (Rohm and Haas, Philadelphia,
Pa.). The solution of extracted pectin may be at any suitable
temperature and may be heated or cooled as required. For
example, in embodiments the solution of extracted pectin is at
a temperature from about 55 to about 70° C.

The pectins obtained using the processes provided herein
have a higher degree of esterification (DE) and a higher
degree of polymerization (DP) while being extracted in a
higher yield than in conventional processes. Desirably, the
extracted pectin has a degree of esterification of greater than
or equal to 75 and a degree of polymerization that is charac-
terized by an intrinsic viscosity of about 6.5 to about 9 dL/g.
In particular embodiments, the extracted pectin has a degree
of esterification of at least 76, at least 77, or at least 78, and a
degree of polymerization that is characterized by an intrinsic
viscosity of at least 7.0 dL/g, at least 7.5 dL/g, at least 7.8
dL/g, or at least 8.0 dL/g.

Those skilled in the art will appreciate, however, that the
pectin properties depend on the species of plant material,
maturity of the plant material, and delay before processing of
the plant material. For example, in embodiment the pectin
extracted from a high quality lemon peel has a degree of
esterification of about 75-78 and an intrinsic viscosity of
about 9 dL/g (as compared to a degree of esterification of
74-76 and an intrinsic viscosity of about 7.5 dL/g when
extracted using conventional methods). In another embodi-
ment, however, the pectin extracted from a low quality plant
material has a degree of esterification of greater than 73 and
an intrinsic viscosity of about 6.5 dL/g.

The processes provided herein desirably also provide a
higher yield per peel than conventional pectin extraction
methods. In particular embodiments, the yield per peel is
greater than about 23, greater than about 25, or greater than
about 27. Those skilled in the art will appreciate, however,
that the expected yield is dependent upon the quality of raw
material and the raw material’s natural variations.

The yield per peel may be approximated from the follow-
ing formula:

Yp%=0.1yM/Wp

in which Y 1s the yield per peel in %, Y is the yield of
solution (liquid extract) in g/kg, M is the total mass of the
extraction mixture just before filtration, and W, is the weight
of peel that was used for the extraction mixture. Those skilled
in the art will appreciate that this calculation of yield per peel
is only an approximation because it ignores that a minor part
of the total mass of the extraction mixture is not dissolved
and, therefore, represents a volume within which the dis-
solved pectin does not distribute.

In particular embodiments, the value of the processes pro-
vided herein are characterized by the product of the yield per
peeland intrinsic viscosity. Desirably, the product of the yield
per peel and intrinsic viscosity of pectins obtained by the
processes provided herein is greater than the product of the
yield per peel and intrinsic viscosity of pectins obtained by
conventional processes. For example, in particular embodi-
ments the product of the yield per peel and intrinsic viscosity
of pectins is greater than about 160, greater than about 165,
greater than about 175, or greater than about 185.

The foregoing process improves upon prior art methods of
pectin extraction by providing a method that (1) achieves a
low viscosity during filtration while minimising pectin loss of
degree of polymerization; (2) eliminates Ca™ while reducing
the need for regenerating ion-exchanging resin; (3) increases
the yield of pectin as compared to the amount of spent raw
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material while minimising pectin loss of degree of polymer-
ization; (4) reduces the amount of water that needs to be
removed from the extracted pectin; and (5) reduces the
residuals in the final product of the acid that was added for the
extraction.

Not wishing to be bound by any theory, it is believed that
the process provided herein achieves these desirable results in
part by a specific balance of the extraction media selection
(oxalic acid), pH, and temperature. In addition, it is believed
that precipitation of a major portion of the Ca** ions as
calcium oxalate reduces the tendency of the dissolved pectin
to become viscous in the presence of Ca*™ ions, thereby
reducing the viscosity of mixture during filtration and reduc-
ing the residual oxalic acid in the final product. The combi-
nation of good yield and low viscosity further makes it pos-
sible to operate with a relatively high pectin concentration in
the filtrated liquid, thereby reducing the amount of water that
must be removed from the pectin. Finally, the presence of
residual oxalic acid in the final pectin is further reduced by
exposing the liquid pectin extract to a cation-exchanging
resin before precipitating the pectin from solution.

Embodiments of the present description are further illus-
trated by the following examples, which are not to be con-
strued in any way as imparting limitations upon the scope
thereof. On the contrary, it is to be clearly understood that
resort may be had to various other embodiments, modifica-
tions, and equivalents thereof which, after reading the
description therein, may suggest themselves to those skilled
in the art without departing from the spirit of the present
invention and/or the scope of the appended claims. Unless
otherwise specified, quantities referred to by percentages (%)
are by weight (wt %).

EXAMPLES

The following protocols were used to analyze the degree of
esterification (DE), intrinsic viscosity (IV), the strength,
residual calcium content, and residual oxalate content in the
Examples below.

Protocol 1: Determination of Degree of Esterification

The degree of esterification was measured using the
method set forth in FAO JECFA Monographs 4 (2007). 100
mL of the acid alcohol (100 mL 60% IPA+5 mL HCl fuming
37%) was added to 2.00 g of pectin while stirring with a
magnetic stirrer for 10 min. The mixture was passed through
a Biichner funnel with filter paper and the beaker was rinsed
with 90 mL acid alcohol and also passed through the Biichner
funnel with filter paper. The filtrate was then washed first with
1000 mL 60% IPA and thereafter with approximately 30 mL
100% IPA. The sample then was dried for approximately 15
min. on the Buchner funnel with vacuum suction.

Pectin samples weighing approximately 0.40 g were mea-
sured for duplicate determination (deviation between dupli-
cate determinations must not exceed 1.5% absolute, other-
wise the test was repeated). The pectin samples were first
moistened with approximately 2 mL, 100% IPA. Approxi-
mately 100 mL deionized water then was added to the moist-
ened samples while stirring with a magnetic stirrer. The
samples were then evaluated by titration, either by means of
an indicator or by using a pHmeter/autoburette.

Titration Using Indicator.

5 drops of phenolphtalein indicator was added to the
sample and it was titrated with 0.1 M NaOH until a change of
colour was observed (record it as V1 titer). 20.0 mL 0.5 M
NaOH was added while stirring and covered with foil for
exactly 15 min. 20.0 mL 0.5 M HCI was added while stirring
until the colour disappeared. 3 drops of phenolphtalein indi-
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cator then was added and it was titrated with 0.1 M NaOH
until a change of colour was observed (record it as V2 titer).
In order to compensate for possible inaccuracies of balancing
the two portions of 20 mL of 0.5 M NaOH and HCI respec-
tively, a so-called “blind measurement” was performed (i.e.,
100 mL of o deionized water was treated in the same way as
the sample solution, including the titrations). The last titration
result was then recorded as B1 titer. The degree of esterifica-
tion was then characterized by the following calculations.

Vi=V1+(V2-B1)

% DE (Degree of esterification)=[(V2-B1)/V¢/*100

Protocol 2: Determination of Intrinsic Viscosity

Samples were prepared using a Viscotek GPC max VE
2001 GPC solvent/sample module or AS 3500 auto sampler
unless the samples were known to contain non-soluble mate-
rial (in which case the samples were manually prepared). The
molecular weight, intrinsic viscosity, and molecular weight
distribution of pectin in the samples was then determined
using size exclusion chromatography (SEC). The molecules
were separated according to their size by gel permeation
chromatography with the effluent from the chromatography
column passing three detectors (RI, RALLS, and a viscosity
detector). The Viscotek software converted the detector sig-
nals to molecular weight and intrinsic viscosity and calcu-
lated the weighted averages for the entire population.

Equipment:

Viscotek TDA 302 triple detector or TDA 305; Viscotek
GPC max VE 2001 GPC solvent/sample module or AS 3500
auto sampler; Sample preparation module; Metler Toledo
balance and Microlab. 500 dispenser; Pierce Reacti-Therm
1T heating/stirring module; Columns: BioBasis SEC60 (300
7.8), SEC120 (300x7.8), SEC300 (300x7.8) SEC1000 (300x
7.8), all from Thermo, or Shodex guard SB400 G-8B, SB401-
8F, SB402,5-8F, SB403-8F, SB404-8F; or in FIPA setup with
either CPkelco Special (SuperDex Peptid from GE Health
Care) or BioBasis SEC60 (150x7.8) from Thermo; RALLS
detector (Right Angle Laser Light Scattering Detector);
LALLS detector (Low Angle Laser Light Scattering Detec-
tor); RI Detector (Refractive Index); Viscometer Detector;
Computer software: OmniSEC.

Manual Sample Preparation:

Samples known to contain non-soluble material were
manually dissolved and centrifuged (10.000 G for 10 min.)
and the supernatant was transferred to a new vial prior to
injection.

Sample Preparation Using Sample Preparation Module,
Metler Toledo Balance and Mikrolab. 500 Dispenser and
Pierce Reacti-Therm III Heating/Stirring Module:

In the omniSEC software, the SASP program was used to
prepare the samples before analysis. The amount/capacity
ratio was approx 30 mg powder to 15 ml eluent (2 mg per ml)
in 20 ml vials. After preparing the sample, the vials were
placed for 30 minutes at 70° C. in the heating stirring module.

Sample Preparation Using Balance and Heating/Stirring
Module when Using AS 3500 Auto Sampler:

Approximately 2.0 mg pectin was weighed in an auto sam-
pler vial and placed in the auto sampler rack. Using template
4 from the AS3500 auto sampler, the following units were
used: Dilution cycles: 3; Heater: ON Temp: 70° C.; Load 20
pl solvent S-1 (S-1=96% ethanol); Add 10 pl to sample; Load
1500 Wl solvent S-2 (8-2=0.3 M Li-acetate buffer); Add 1300
ul to sample (0.1% pectin solution—1 mg/ml); Mix for 9.9
minutes; Mix for 9.9 minutes; Wait for 10.0 minutes; Enable
Overlay: YES (starts the next sample preparation before end
of analysis for running sample). The run time at the auto
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sampler was set at 50 minutes and a 100 pL full loop injection
was used. When the auto sampler was used, the sample was
automatically filtrated by a 0.5 pm in-line filter placed after
the auto sampler loop.

Protocol 3: Determination of Pectin Strength (YogSimBuf
method)

YOG SIM BUF pH 3.75 Buffer (2000 mL).

A buffer was prepared by dissolving 13.03 g calcium lac-
tate (C4H,,04Ca, 5¥H,0), 2.79 g di-potassium hydrogen
phosphate (K,HPQ,), 2.00 g sodium benzoate, 2.03 g potas-
sium-di-hydroxide-phosphate (KH,PO,), 40.00 g lactose
(C,3H5,04,), 300.00 g sucrose (C,,H,,0,,). 7.23 g lactic
acid (90%) was weighed out and added to the solution and the
beaker was rinsed with ion-exchanged water. Finally, 0.43 g
sodium hydroxide (NaOH) was dissolved in the flask and the
solution was diluted to 2000 mL with deionized water. The
buffer solution pH was adjusted by adding citric acid until a
pH reading 0f3.68+0.02 was obtained, which resulted ina pH
of 3.7520.05 in the final pectin-buffer system. This buffer
solution was stable until precipitation.

Pectin Stock Solution (1.2%) (100 mL).

A pectin stock solution was prepared by moistening 1.20 g
pectin with 5.00 ml 100% IPA in a flask. While stirring, 95 ml
boiling deionized water (>85° C.) was added to the flask and
the mixture was placed on a water bath/block heater at 75° C.
for 30 min. while stirring. The solution was cooled to room
temperature and deionized water was added to dilute the
solution to 100.0 g.

The buffer solution, pectin stock solution and deionized
water were maintained at a temperature of 23+2° C. The
pectin stock solution was diluted with deionized water
according to the table below.

Pectin cone. Deionized Pectin stock
In final system water solution (1.2%)
% (e ®

0 15.0 0

0.02 14.5 0.5
0.04 14.0 1.0
0.06 13.5 1.5
0.08 13.0 2.0
0.10 12.5 2.5
0.12 12.0 3.0
0.14 11.5 3.5
0.16 11.0 4.0
0.18 10.5 4.5
0.20 10.0 5.0
0.22 9.5 5.5
0.24 9.0 6.0
0.26 8.5 6.5
0.28 8.0 7.0
0.30 7. 7.5
0.32 7.0 8.0
0.34 6.5 8.5
0.36 6.0 9.0
0.38 3.5 9.5
0.40 5.0 10.0
0.42 4.5 10.5
0.44 4.0 11.0
0.46 3.5 11.5
0.48 3.0 12.0
0.50 2.5 12.5
0.52 2.0 13.0
0.54 1.5 13.5
0.56 1.0 14.0
0.58 0.5 14.5
0.60 0 15.0

15 ml of the buffer was added to the diluted pectin solution
while stirring at a speed sufficient to provide a vortex of
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approximately 1 cm for a total of 25 seconds. After 1 minute,
the solution was analyzed using a Brookfield LVT with adap-
tor at 6 rpm (factor 1). The pectin-buffer solution also was
visually evaluated to characterize its appearance (i.e., pres-
ence or absence of any gel lumps, inhomogeneous appear-
ance, etc.). The process is repeated at various dilutions until
the following data points are identified: (1) a concentration
witha viscosity between 18-25 mPa-s, and (2) a concentration
between 25 and 35 mPa-s. The reading was valid if the pH on
the solutions between 25 and 35 mPas was between 3.70 and
3.80.

The raw result after following the above procedure con-
sisted of two datapoints (¢, 1,) and (c,, 1,) with which 18
mPa-s<n, <25 mPa's and 25 mPa-s<n,<35 mPas. The
method result, ¢, was calculated as follows, provided that the
viscosities were entered in the unit mPa-s:

cy=c+(co=c)(In{25m )}/ (In(nyn, )
Protocol 4: Determination of Residual Calcium Content

Approximately 0.5 g extracted pectin was used to evaluate
the presence of residual calcium. The samples were digested
with nitric acid (65%) and hydrogen peroxide (30) in amicro-
wave oven digestor as prescribed by the manual. After diges-
tion, the reaction vessels were left to cool in a fume hood. The
samples were then transferred to a 50-mL measuring flask.
When measuring residual calcium, it was necessary to add
cesium chloride to avoid interference (1 mL 2.5% CsCl-
solution per 10 mL solution to make the solution approx.
2000 ppm in Cs). The acid concentration (HNO3) in the
measuring solutions was from 3% to 10%. The emission
intensity of the samples was then measured. If it was not
within the emission intensity of the standards, the samples
were appropriately diluted.

Protocol 5: Determination of Residual Oxalate Content

Approximately 0.2 g extracted pectin was used to evaluate
the presence of residual oxalate. 2-propanol (1 mL) was
added to the extracted pectin and the mixture was stirred until
the pectin was moistened. Milli-Q deionized water (40 mL)
was subsequently added while agitating. The samples were
heated to 90° C. in a closed bottle for between 30 and 60
minutes and then cooled to room temperature. The samples
were then evaluated using HPLC chromatography (Appara-
tus: Waters TM600 with refractive index detector and con-
ductivity detector; Flow: 1.4 ml/minute; Temperature: 40°
C.; Injection: 100 or 200 mL full loop; Eluent: 0.85 mM
NaHCO;+0.9 mM Na,CO; in deionized water).

The quantitative response of the conductivity detector to
oxalic acid passing by the detector was quantified as the area
(the “integrated detector response™) in a diagram
(x-axis=time, y-axis=detector response). The integrated
detector response was delimited by a straight baseline before
and after the peak in accordance with usual practices and
conventions in the art. The integrated detector responses from
the unknown samples were then compared to a linear calibra-
tion curve of the integrated detector responses from known
samples of oxalic acid dihydrate in deionized water
x-axis=concentration, y-axis=integrated detector response),
and the corresponding concentration of oxalic acid was
inferred from the linear calibration curve.

Example 1

Lemon pectin was extracted from a dried lemon peel from
the Tucuman province of Argentina. The fruit was harvested
in 2009, after which the fruit was cut open and utilized for
production of citrus juice and citrus peel oil. The fruit left-
overs were then chopped and washed several times in water
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for leaching away a large part of the natural soluble materials,
like sucrose, and subsequently dried. These routine opera-
tions were performed by the peel supplier.

The lemon peel was subsequently used in an exemplary
extraction process (illustrated in FIG. 1) to extract pectin
from the lemon peel. The dried lemon peel (1000 g) was
suspended in a mixture of 20 L of water, 30.0 g oxalic acid
di-hydrate, and 2.90 g NaOH. This mixture was incubated
with very gentle stirring for 60 minutes at 72.5° C. (“Mixture
A”). Mixture A then was diluted with a suspension of 400 g
wood cellulose (an insoluble filtration aid) in 20 L of hot
water, and the incubation and gentle agitation was continued
for 60 minutes at 75.0° C. (“Mixture B”). Mixture B then was
poured onto a filter-cloth in a Biichner funnel in order to
separate the solution (“Solution C”) from the materials that
did not dissolve (which together with the solution that could
not be separated is referred to as “Mixture D).

Solution C then was further filtered through a bed of Fil-
tercel 450 (a filter-aid used for removing haze) and stirred
with Lewatit ionic exchanging resin. The solution obtained
after draining away the resin (“Solution E”) was poured into
about three parts (i.e., three times its own volume) of 80%
2-propanol. The precipitate was squeezed for removing as
much of the spent alcohol as possible, and was then washed in
a mixture of 60% 2-propanol and 40% water before being
squeezed again. The volume of the mixture used for washing
the precipitate was about the same as the volume of Solution
E. Following the washings, the precipitate was dried, milled
and sieved through a 250p pore-size powder-sieve.

The pH of an aliquot of Mixture B was 3.52 after cooling to
25° C. The amount of dried pectin that could be isolated per
kg of Solution E was 5.71 g. In the present example, the total
mass of the extraction mixture just before filtration, weight of
peel used for the extraction mixture, and yield per peel were
calculated as follows:

M=1+20+0.03+0,0029+0,400+20 kg=41.4 kg.
Wo=1 kg.

Yp%=0.1-5.71-41.4/1=23.6

The pectin also was analyzed in the laboratory to determine
the degree of esterification (DE) and the intrinsic viscosity
(IV) (Protocols 1 and 2 described above, respectively). The
pectinhad a DE=76.4 and IV=7.83 dL/g. The product of yield
times intrinsic viscosity, which provides a more relevant met-
ric for value, was 186.

In addition, the strength of the pectin was measured using
the YogSimBuf method, which expresses the concentration of
pectin at which the solution attains a viscosity of 25 mPa-s.
(Protocol 3 described above). The YogSimBuf (YSB) for the
lemon peel extracted pectin was 2.51 g/L.

Example 2
Comparative

The same lemon peel described in Example 1 was used in
a conventional pectin extraction process (illustrated in FIG.
2). The dried lemon peel (1000 g) was suspended in a mixture
of 30 L of water and 15 mL of 62% nitric acid, and incubated
with very gentle stirring for 30 minutes at 72.5° C. (“Mixture
F”). A further 50 ml of 62% nitric acid was added to Mixture
F and the incubation at 72.5° C. was continued for 120 min-
utes (“Mixture G”). Mixture G was diluted with 10 L hot
water plus 400 g wood cellulose and incubated for 30 minutes
at 75° C. (“Mixture H”). Mixture H was then poured onto a
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filter-cloth in a Buchner funnel in order to separate the solu-
tion (“Solution 1) from the materials that did not dissolve
(which together with the solution that could not be squeezed
away from the materials is referred to as “Mixture J”).

Solution I was then further filtered through a bed of Filter-
cel 450 (a filter-aid, used for removing haze) and stirred with
Lewatit ionic exchanging resin. The solution obtained after
draining away the resin (“Solution K”) was poured into about
three parts (i.e., three times its own volume) of 80% 2-pro-
panol. The precipitate was squeezed for removing as much of
the spent alcohol as possible, and was then washed in a
mixture of 60% 2-propanol and 40% water before being
squeezed again. The volume of the mixture used for washing
was about the same as the volume of Solution K. Following
the washings, the precipitate was dried, milled and sieved
through a 250u pore-size powder-sieve.

The pH of an aliquot of mixture H was 2.05 after cooling to
25°¢ C. The amount of dried pectin that could be isolated per
kg of solution K was 5.95 g. Using the same symbols and
formulaas Example 1, the total mass of the extraction mixture
just before filtration and yield per peel were calculated as
follows:

M=30+1+0.015+0.050+0.4+10=41.5

Y=24.7.

Both the DE and IV were measured using the same protocols
described above. The pectin had a DE=74.6 and 1V=6.59
dL/g. The product of yield times intrinsic viscosity was 163
(only 88% of that of Example 1). The YogSimBuf was calcu-
lated as 3.24 g/L, which suggests that the strength of the
pectin extracted using the conventional process was only 77%
of that of Example 1 (keeping in mind that “low” means
“strong”).

Example 3

The same method described in Example 1 was used to
evaluate the effect of the dosage of oxalic acid, pH, and
temperature on extraction of lemon peel. A series of 24 simi-
lar experiments were conducted in which the dosing of oxalic
acid dihydrate was varied at four levels (15, 20, 25, and 30 g
per kg of dried peel) and the intended pH was varied at three
levels (2.70, 3.00, and 3.30) by either adding nitric acid or
sodium hydroxide alongside with the oxalic acid. The pH
values that were actually achieved, however, were slightly
different from the intended values (see below). In addition,
the temperature was varied at two levels (70 and 80° C.).

In all experiments, 1000 g dried peel obtained from the
same source as Examples 1 and 2 was suspended with the
specified amounts of other ingredients in 20 L water for 60
minutes at the stipulated temperature. The mixture was
diluted with 20 L more water and incubated for 60 minutes at
the same temperature, and finally filtered and analyzed like
described in Example 1, except that the extract was not con-
tacted with an ion-exchanging resin (i.e., meaning that the
pectin produced in Example 3 contained more residual cal-
cium than that of Examples 1 and 2). The total calcium mg/g
in the pectin was determined using Protocol 4, described
above.
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The experimental conditions and results are summarized
below:

12

graphical illustration, the highest intrinsic viscosity results
were obtained at the lowest extraction temperature. In addi-

Experiment number

1 2 3 4 3 6 7 8 9 10 11 12
oxalic acid (g) 30 30 30 15 15 15 20 20 20 25 25 25
nitric acid 6 0 0 16 10 4 12 6 1 9 3 0
(ml 62%)
IN NaOH (ml) 0 0 73 0 0 0 0 0 0 0 0 24
temperature (“*C.) 70 70 70 70 70 70 70 70 70 70 70 70
Extn. mix. pH at 270 296 319 266 301 327 2.67 295 337 275 297 317
25°C.
Yield % 20.00 20.12 20.99 1576 1436 13.04 17.76 16.96 17.17 19.37 18.88 19.40
pectin‘peel
DE 77.90 77.30 77.50 7850 7870 79.30 78.20 78.60 78.70 78.20 7830 78.20
IV (dL/g) 8.0 8.1 7.8 74 8.1 8.5 7.8 8.2 80 76 79 79
YogSimBuf (¢/L)  2.65 234 245 339 341 326 3.2 305 277 285 3.07 2.8
Calcium (mg/g) 39 33 27 83 73 61 62 58 54 38 31 31

Experiment number

12 14 15 16 17 18 19 20 21 2 23 24
oxalic acid (g) 30 30 30 15 15 15 20 20 20 25 25 25
nitric acid 6 0 0 16 10 4 12 6 129 3 0
(ml 62%)
IN NaOH (ml) 0 0o 72 0 0 0 0 0 0 0 0 24
temperature (° C.) 80 80 80 80 80 R0 80 80 80 80 80 80
Extn. mix. pH at 273 297 318 266 289 329 272 295 323 287 311 327
25°C.
Yield % 23.76 26,72 2635 21.36 1872 18.88 22.65 21.54 21.83 23.66 25.04 2524
pectin‘peel
DE 77.50 77.10 76.60 7820 7870 78.80 77.60 77.80 78.10 77.50 77.40 77.40
IV (dL/g) 67 64 69 63 67 70 66 66 67 63 69 69
YogSimBuf (g/L) 3.52 349 3.07 453 430 442 396 403 373 350 336 332
Calcium (mg/g) 24 27 23 50 49 47 56 39 42 35 27 23
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These results may be better understood in graphical form,
as set forth in FIGS. 3-7 and described below.

FIG. 3 shows the calcium content of the experimental
pectin samples as a function of the dosage of oxalic acidin g
of (COOH),-2H,0, M=126.1 per kg peel. Not wishing to be
bound by any theory, it is believed that because the peel
contained 8.0 mg Ca*™* per g peel, the stoichiometric balance
between oxalate acid and calcium should occur at the dosage
25.2 g oxalic acid di-hydrate. What was observed was that the
more oxalic acid used for the extraction, the less calcium
residual was found in the ensuing pectin samples until level-
ling off after exceeding a stoichiometric balance. In particu-
lar, less calcium was found in pectin that was extracted at 80°
C., likely because the yield of pectin was larger at this tem-
perature as compared to 70° C. and the calcium residual was
therefore mixed with a larger relative amount of pectin at the
higher temperature.

FIG. 4 shows the effect of pH upon extraction yield with
individual curves for the eight possible combinations of the
four oxalic acid dosages and two temperatures. As can be seen
from the graphical illustration, the yield was not strongly
dependant upon the extraction pH within the ranges of pH and
oxalic acid dosing that were tested in this series of experi-
ments. However, there was a pronounced tendency for the
yield to be higher at 80° C. than at 70° C. The yield also tended
to be higher with the high oxalic acid dosages as compared to
the lower ones. For example, the yield for extraction with 30
mg/g oxalic acid at 70° C. was higher than the yield for 15
mg/g at 80° C.

FIG. 5 shows the intrinsic viscosity as a function of pH with
individual curves for each of the eight combinations of the
four dosages and two temperatures. As can be seen from the
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tion, on average, the samples extracted at the lowest pH had a
lower intrinsic viscosity than those extracted at the highest
pH. When this data is interpreted without considering data
from other investigations, however, the relationship between
pH and intrinsic viscosity is uncertain and may be interpreted
in more than one way. Not wishing to be bound by any theory,
it is believed that the intrinsic viscosity can be influenced by
a gradual thermal decay of dissolved pectin as well as by
possible differences between the pectin that is released will-
ingly and the pectin that releases only in the extractions with
high vield, respectively.

FIG. 6 shows as independent parameter the dosage of
oxalic acid and as dependent parameter the yield of pectin in
percent of the peel. The highest yield was obtained at the
highest oxalic acid dosage. The data of FIG. 4. however,
seems to suggest that the yield is more an effect of the extrac-
tion media (i.e., oxalic acid) rather than an acidity (pH) effect.

FIG. 7 shows the product of yield times intrinsic viscosity
as a function of the oxalic acid dosage. The value of the yield
increased with the dosage of oxalic acid and became less
dependent upon the extraction temperature.

Example 4

Further experiments were conducted to evaluate the reduc-
tion of oxalate in the final pectin by contacting the aqueous
extract with cationic-exchanging resin. The same process was
used as described in Example 1, except the Filtercel-filtrated
Solution C was divided into two about equally large portions,
one portion being treated with a Lewaitit ion-exchanging
resin as described in Example 1 and one portion with which
the Lewaitit treatment was omitted. Both of these solutions
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were subsequently treated as described for Solution E in
Example 1. The calcium content and oxalate content of the
final pectin were subsequently analyzed using Protocols 4
and 5, respectively, each described above.

Residual Oxalate Content _ Residual Calcium Content

With Without With Without
ion-exchange ion-exchange ion-exchange ion-exchange
(mg oxalate/  (mg oxalate/ (mgcalcium/ (mg calcium/

g pectin) g pectin) g pectin) g pectin)
Experiment A below 2.29 0.17 2.08
detection
limit
Experiment B below 2.17 0.09 171
detection
limit
Average below 2.23 0.13 1.90
detection

limit

As can be seen from the foregoing, use of the ion-exchang-
ing resin effectively eliminated oxalate residue from the final
pectin.
While the invention has been described in detail with
respect to specific embodiments thereof, it will be appreciated
that those skilled in the art, upon attaining an understanding
ofthe foregoing, may readily conceive of alterations to, varia-
tions of, and equivalents to these embodiments. Accordingly,
the scope of the present invention should be assessed as that of
the appended claims and any equivalents thereof.
The invention claimed is:
1. A process for extracting pectin having a high degree of
polymerization comprising:
adding oxalic acid and/or a water-soluble oxalate to an
aqueous suspension of a peel in an amount sufficient to
provide a mixture having a pH of between 3.0 and 3.6
and a total molarity of oxalate greater than a total molar-
ity of calcium (II) in the peel;
heating the mixture to a temperature from about 50 to about
80° C. for a time sufficient to extract a pectin; and

separating the extracted pectin from the mixture by pre-
cipitating the extracted pectin from the mixture, wherein
the extracted pectin has a degree of esterification (DE) of
at least 72 and a high degree of polymerization as char-
acterized by an intrinsic viscosity of greater than about
6.5 dL/g.

2. The process according to claim 1, wherein the pH of the
mixture prior to separating the extracted pectin from the
mixture is between 3.1 and 3.4.

3. The process according to claim 2, wherein the mixture is
heated to a temperature from about 70 to about 80° C. during
the separating of the extracted pectin.

4. The process according to claim 1, further comprising
filtering the mixture to remove insoluble solids after extract-
ing the pectin and prior to separating the extracted pectin.

§. The process according to claim 1, further comprising
contacting the mixture containing the extracted pectin with a
ion-exchanging resin prior to separating the extracted pectin.

6. The process according to claim 5, wherein the ion-
exchanging resin comprises a cation-exchanging resin effec-
tive to remove oxalate residues, calcium residues, or combi-
nations thereof from the extracted pectin.
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7. The process according to claim 5, wherein the extracted
pectin has a total oxalate content less than 2.0 mg per 1 g of
pectin.
8. The process according to claim 5, wherein the extracted
pectin has a total calcium content less than 1 mg/g.
9.The process according to claim 1, further comprising one
or more of the steps of washing, pressing, drying, and milling
the extracted pectin after separating the extracted pectin to
obtain a final pectin product.
10. The process according to claim 1, wherein the yield per
peel (Yp) is greater than about 23%, wherein Yp=0.1-y oM/
Wpandy,is the yield of solution (liquid extract) in g/kg, M is
the total mass of the mixture before separating the extracted
pectin, and W, is the weight of the peel used in the aqueous
suspension.
11. The process according to claim 10, wherein the product
of the yield per peel and intrinsic viscosity is greater than
about 165%-dL/g.
12. The process according to claim 1, wherein the extracted
pectin has a degree of esterification (DE) of at least 75.
13. The process according to claim 1, wherein the extracted
pectin has an intrinsic viscosity (IV) of at least 7.8 dL/g.
14. The process according to claim 1, wherein the extracted
pectin has an intrinsic viscosity (IV) of at least 8.5 dL/g.
15. A process for extracting pectin having a high degree of
polymerization consisting essentially of:
adding oxalic acid and/or a water-soluble oxalate to an
aqueous suspension of a peel in an amount sufficient to
provide a mixture having a pH of between 3.0 and 3.6
and atotal molarity of oxalate greater than a total molar-
ity of calcium (II) in the peel,
heating the mixture to a temperature from about 50 to about
80° C. for a time sufficient to extract a pectin;

optionally filtering the mixture to remove insoluble solids;

contacting the mixture containing the extracted pectin with
a cation-exchanging resin; and

separating the extracted pectin from the mixture by pre-
cipitating the extracted pectin from the mixture to obtain
a yield per peel (Yp) greater than about 23%, wherein
Yp=0.1'y¢+M/W and y is the yield of solution (liquid
extract) in g/kg, M is the total mass of the mixture before
separating the extracted pectin, and W is the weight of
the peel used in the aqueous suspension;

wherein the extracted pectin has a degree of esterification

(DE) of at least 72, a high degree of polymerization as
characterized by an intrinsic viscosity of greater than
about 6.5 dL/g.

16. The process according to claim 15, wherein the
extracted pectin has a total oxalate content less than 2.0 mg
per 1 g of pectin.

17. The process according to claim 15, wherein the
extracted pectin has a total calcium content less than 1 mg/g.

18. The process according to claim 15, wherein the time
sufficient is from about 1 hour to about 3 hours.

19. The process according to claim 15, wherein the
extracted pectin has a degree of esterification (DE) of at least
75.

20. The process according to claim 15, wherein the
extracted pectin has an intrinsic viscosity (IV) of at least 7.8
dL/g.



