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RECURSO DE REPOSICION

En relacidén con el expediente de la referencia, en mi calidad de apoderado del
INSTITUTO TECNOLOGICO Y DE ESTUDIOS SUPERIORES DE MONTERREY,
me permito interponer RECURSO DE REPOSICION contra la Resolucién 21932
del 18 de abril de 2012 notificada el 11 de mayo de 2012.

OBJETO DEL RECURSO

Que se REVOQUE Ila decision contenida en la Resolucién 21932 del 18 de abril de
2012, y en consecuencia CONCEDA la proteccion por medio de patente de la
invencion titulada “PRODUCCION DE JARABE INVERTIDO A PARTIR DE
GUARAPO DE CANA DE AZUCAR USANDO INVERTASA INMOVILIZADA".

HECHOS

1. El 25 de abril de 2006 el INSTITUTO TECNOLOGICO Y DE ESTUDIOS
SUPERIORES DE MONTERREY solicité la proteccibn por medio de
patente de la invenci6n PRODUCCION DE JARABE INVERTIDO A
PARTIR DE GUARAPO DE CANA DE AZUCAR USANDO INVERTASA
INMOVILIZADA.

2. El 18 de abrii de 2012, por medio de la Resolucién 21932, la
Superintendencia de Industria y Comercio resolvié denegar la petente de
invencion a la creacion titulada PRODUCCION DE JARABE INVERTIDO A
PARTIR DE GUARAPO DE CANA DE AZUCAR USANDO INVERTASA
INMOVILIZADA, con.fundamento en los siguientes argumentos:

“Visto lo anterior, se advierte que la solicitud resulta obvia y se deriva
de manera evidente a partir de la informacion ensefiada por el estado
del arte, teniendo en cuenta que, la reivindicacion 1 esta referida a:
“‘Un método para producir un producto de jarabe invertido a partir del
jugo crudo de la cana de azlcar, el cual después de la extraccion no
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ha sido procesado por adicion de hidréxido de calcio, carbonatacion, o 7
fostatacion (...)” (F1.99)

(...)

Los documentos D1 y D3 se consideran el estado de la técnica
cercano a la invencién definida en la reivindicacion independiente 1
porque divulgan un proceso para proveer la hidrolisis de sacarosa por
medio de invertada inmovilizada y un proceso para tratar jugo de
azucar impuro derivado de cafia mediante etapas de clarificacién
donde el jugo es sometido a filtracion y microfiltracién/ultrafiltracion
para disminuir los niveles de sodlidos suspendidos, impurezas
organicas no de azucar y/o color en el mismo, respectivamente.

(...)

Por su parte, las reivindicaciones dependientes 2 a 27 no
proporcionan ninguna caracteristica técnica que haga inventiva la
solicitud’.

FUNDAMENTO DEL RECURSO
I NIVEL INVENTIVO

El Examinador ha rechazado nuveamente las reivindicaciones con base en una
aparentemente obvia combinacién de la publicacion de solicitud de patente en el
Reino Unido No. GB 2 198 438 a Joachim Rombach et al. (D-1) y de la solicitud de
patente mexicana MXPA01010051 a Fechter et al. (D-2).

En su rechazo, el Examinador he enumerado en una tabla una serie de etapas

obtenidas de varias partes de las dos referencias para combinarlas de manera que

presuntamente se traduzca en el proceso reivindicado por el Solicitante.

Su tabla deja por fuera muchas otras ensefianzas y opciones, ignorando otras que
se desprenden de la misma combinacién, haciendo como obvias sélo aquellas
presentadas en la solicitud de patente por los Solicitantes, sin mostrar por qué la
persona medianamente versada en la técnica deberia elegir Unicamente esas. No
hay nada que oriente a una persona a indicar que dicha combinacién probaria
tener las ventajas que los Solicitantes han descubierto que en realidad y de forma

sorprendente funcionan bien.

Por ejemplo, la reivindicacion 1 del Solicitante tiene la limitacion de que el zumo
crudo de la cafia de azucar “después de la extraccion no se procesa mediante
aplicaciéon de cal, carbonatacion, o fosfatacion” en tanto que D-2 por el contrario
ensefia “tratar zumo impuro derivado de la cafa de azUcar, tipicamente zumo
crudo que ha sido sometido a preclarificacion convencional mediante

calentamiento, aplicacion de cal y decantaciéon”; (pagina 1 lineas 6-8 de D-2).
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Esta es una ventaja no apreciada del proceso del Solicitante. No hay ensefianzas
en D-1 o D-2 que digan que este proceso convencional pueda ser evitado por la
combinacion del Solicitante. ;Con qué argumento el Examinador deja esto por
fuera?

También deja por fuera una etapa de intercambio catidbnico mencionada en D-2
(ver pagina 1 lineas 19-22, también citada por el Examinador para el intercambio
anionico al tiempo que ignora el requisito del cation, que también esta incluido en
la reivindicacion 1 de la patente en la pagina 34; pero no en la reivindicacion 1 del

Solicitante).

Mediante el simple expediente de intentar invertir el llamado a combinar una
referencia en vista de la otra (y no al contrario) no se cambian las ensefanzas
adversas y eso ya habia sido anotado antes (y ahora se repite y se amplia mas

adelante).

Como ya se habia dicho, D-2 esta dirigido a un proceso en el cual se ensefia
especificamente la minimizacion de la inversion de la sacarosa. Esto es contrario a
la presente solicitud. D-2 habla en contra de usar cualquier etapa que busque la

inversion de la sacarosa.
D-2 mas bien busca maximizar la cristalizacion de la sacarosa.

Con el fin de lograr esta meta, D-2 hace la declaracion repetida de que la inversion
de la sacarosa se tiene que minimizar, como sigue:
Primero, resulta evidente de las condiciones puestas a la etapa de intercambio

i6nico en el proceso de purificacion:

“En la etapa de intercambio i6nico...La puesta en contacto del zumo de azucar
clarificado con resinas se lleva a efecto de tal manera que la inversion, es decir
[sic] la degradacion de la sacarosa a glucosa y fructosa se mantiene lo mas baja
posible...” (ver Fechter et al: WO O0/60128, pagina 3, lineas 26-30, el énfasis es

nuestro).

A continuacion, Fechter (D-2) ensefia explicitamente en numerosos lugares que la

inversion de la sacarosa deberia minimizarse a todo lo largo del proceso:

Para obtener tanto baja inversién como suficiente color la remocién de impurezas

diferentes al azUcar resulta fundamental con el fin de alcanzar un proceso

7
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econémicamente viable. (ver WO 00/60128, pagina 8, lineas 27-29, el énfasis es
nuestro)

Los Solicitantes por ello han hecho el descubrimiento sorprendente de que con el
proceso de la presente invencién, la produccidn de azlcar cristalino se puede
maximizar a la vez que se minimiza la formacién de azucar liquido, es decir [sic]
se minimiza la inversién. (ver WO 00/60128, pagina 20, lineas 1-4, el énfasis es

nuestro)

Fue un hallazgo sorprendente que el proceso de la presente invencién cumple al
mismo tiempo los siguientes requisitos... hay baja inversion durante el
procesamiento, es decir [sic] minima pérdida de azucar... (ver WO 00/60128,

pagina 21, lineas 3-12, el énfasis es nuestro).

Con base en lo anterior, D-2 deja en claro que la minimizacion de la inversion de la
sacarosa a todo lo largo del proceso no solamente es una meta, sino un requisito

de la invencion.

Cuanquier afirmacién de que D-2 permitiria la inversion en cualquier punto durante

el proceso ignora porciones criticas de D-2.

En contraposicion, el objetivo de la presente invencion, tal como esta reivindicada,
es aumentar la inversion y de forma correspondiente no seria de esperar buscar

un proceso dirigido a obtener sacarosa en oposicion a jarabe invertido.

En efecto, la evitacion de la inversién en D-2 se considera tan importante que
recomienda una etapa de refrigeracion por lo demas innecesaria con el fin de

minimizar la inversion de la sacarosa:

En algunas circunstancias; las resinas de cationes de acidos fuertes pueden
catalizar la reaccion de inversion de la sacarosa. Para inhibir la inversion de la
sacarosa en esos casos, el intercambio i6nico, o una porcidén del intercambio
idnico, se puede efectuar a temperaturas del zumo de azlcar por debajo de 30°C.
El proceso asi puede incluir, cuando es necesario, reducir la temperatura del zumo
de azicar impuro hasta por debajo de 30°C, antes o durante su paso a través de
la etapa de intercambio i6nico. Por ejemplo, la temperatura del zumo de azicar se
puede reducir hasta cerca de 10°C, p.ej. [sic] usando una planta de refrigeracion,
para asegurar la minima inversion de la sacarosa (ver WO 00/60128, pagina 4, 1-
10).
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En efecto, resulta ilégico que la persona medianamente versada en la materia
técnica correspondiente modifique D-2 para alentar la inversion de la sacarosa en
cualquier etapa subsiguiente a la etapa de intercambio anidnico, ya que ha hecho
semejantes esfuerzos para evitar la inversidén en la etapa de intercambio aniénico

y ya que dicha inversion frustra el objetivo de D-2.

D-2 ademas parece implicar que mantener la inversion lo mas baja posible
optimiza el uso de la resina (otra ensefianza que va en contravia de la

combinacion del Examinador.

De forma acumulativa, todas estas diferencias sirven para fortalecer aun mas el

argumento de que la combinacién del Examinador no es obvia.

Al hacer una combinacion de referencias, no es posible seleccionar de forma
adecuada con el espejo retrovisor solamente algunas (y no todas) las ensefanzas
en las referencias que se estan combinando. Especialmente, uno no deberia
poder ignorar lo que se ha llamado critico, y si este requisito critico se sigue,
entonces la combinacién sugerida por el Examinador no daria lugar al el método

del Solicitante.

Ademas, deberia haber alguna ensefianza especifica bien sea en D-1 0 en D-2 a

cada elemento que se toma prestado para afiadirselo a la otra.

Por consiguiente, esta claro que D-2 ensefia a apartarse de la inversion de la

sacarosa a todo lo largo del proceso de purificacion. Con base en lo anterior,
combinar las ensefianzas de D-2 con la etapa de inversion de D-1 convertiria a D-

1 en un recurso insatisfactorio para su prop6sito manifiesto.

Por consiguiente la persona medianamente versada en la materia técnica
correspondiente no tendria razén para combinar estas referencias de esa manera,
dado que no habria razén para combinar D-2 y D-1 en la forma sugerida. Con
base en lo anterior, las reivindicaciones dependientes son patentables por sobre la

combinacion sugerida de D=1y D-2.

I SITUACION DE PATENTABILIDAD EN SOLICITUDES
EXTRANJERAS EQUIVALENTES RELACIONADAS

Como puede verse en la tabla que se anexa que muestra la situacién de las once

solicitudes extranjeras relacionadas,
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7 han sido patentadas,
1 (China) ha sido otorgada,

2 estan a la espera de una accion oficial, y

Solamente la Solicitud Colombiana conserva alguna objecién pendiente a la
patentabilidad.

La busqueda aplicada por el Examinador en apariencia se llevé a cabo segun lo
previsto en el Articulo 45 -de la Comisién de la Comunidad Andina, pero de
acuerdo con el Articulo 46 (c) a la existencia de los ocho (8) documentos de
patente Patentados u Otorgados se le deberia dar seria consideracion y

deferencia en la evaluacion de la patentabilidad.

Esto es particularmente cierto dado que por lo menos 5 0 6 de los 8 paises en
donde se ha concedido el privilegio de patente tienen procedimientos de examen

significativos.

Ademas, dado que diez de los once paises se basaron en la misma solicitud del
PCT (excepto Paquistan), y dado que dos referencias que ahora se aplican en
Colombia fueron citadas en la solicitud misma del PCT, por consiguiente todos los
ocho paises que encontraron un objeto patentable lo hicieron teniendo en cuenta

el mismo estado de la técnica.

El documento de patente de GB citado en la solicitud del PCT es el mismo D-1 en

esta Solicitud Colombiana. D-2 en esta Solicitud Colombiana es una solicitud de
México, pero es equivalente a la patente estadounidense 6709527 de Fechter et
al, (ambos los cuales se basan en la misma solicitud de prioridad de Sudafrica:
99/2568).

Ademas, por lo menos 4 de los documentos de patente de los mismos 8 paises
tienen una reivindicacion independiente principal que es en realidad o en esencia
idéntica a la reivindicacion independiente 19 del PCT que se radicé inicialmente en

todas las diez solicitudes de etapa nacional del PCT.

De modo que para estas cuatro, la decision de patentabilidad de Australia, China e

India, todos paises con tramites serios, es directamente significativa y aplicable.
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Esto, porque la reivindicacién 1 principal en Colombia también esta basada en la
reivindicaciéon 19 del PCT, esencialmente con dos modificaciones (que sirven, si lo

hacen, para reforzar todavia mas la patentabilidad), que se podria ver como sigue:

[19] 1. Un método para producir un producto de jarabe invertido a partir del zumo
crudo de la cafa de azucar, el cual después de la extraccidbn no se procesa
mediante la aplicacion de cal, carbonatacion, o fosfatacion, que comprende las
etapas de:

(a) someter el mencionado zumo crudo de la cafia de azlcar a una primera
filtracion para remover una primera fraccibn de contaminantes soélidos del

mencionado zumo produciendo asi un primer zumo filtrado de la cafia de azlcar;

(b) someter el primer zumo filtrado de la cafia de azucar a filtracion mas fina para
remover una segunda fraccion de contaminantes sélidos del mencionado primer
zumo filtrado y una primera fraccién de contaminantes solubles del mencionado
primer zumo filtrado y con ello producir un zumo filtrado mas fino de la cana de

azucar;

(c) pasar el zumo filtrado mas fino de la cafia de azucar a través de una columna
de intercambio anidnico para remover una segunda fraccién de contaminantes
solubles del mencionado zumo mas fino filtrado de la cafia de azucar, produciendo

asi un zumo de la cana de azucar tratado por intercambio aniénico;

(d) poner en contacto el mencionado zumo de la cafia de azdcar tratado por
intercambio ani6nico con una enzima invertasa inmovilizada para convertir [por io
menos] un minimo de 90% de sacarosa contenida en el mencionado zumo tratado
en una mezcla de glucosa y fructosa y con ello producir el mencionado producto

de jarabe invertido.

Nétese que la reivindicacion 19 admitida en China es en esencia idéntica a la
reivindicacion 19 del PCT, con tan solo dos cambios menores (se elimina la
redaccién “una primera fraccion de” y se reemplaza la redaccion “una segunda
fraccion de” por --adicional--). Esta formalidad (probablemente debida a

consideraciones de traduccion) no afecté el alcance de la reivindicacion.

Tres de los cuatro paises restantes (Estados Unidos, México y Tailandia) tienen

una reivindicacion principal que es similar a la reivindicacion 19, pero afiaden una
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limitacion a una etapa de pasteurizacion (que no se encuentra en la reivindicacion

1 colombiana). En lugar de ello, ver las reivindicaciones colombianas 19 y 24-26.

El certificado de patente en el cuarto pais, Cuba, no fue tramitado por el abajo
firmante, quien no esta en disposicion de comentar con conocimiento de causa
sobre la estructura de las reivindicaciones o la legislacion cubana en materia de

patentes.

Hl. PATENTABILIDAD REFORZADA DEL JUEGO DE REIVINDICACIONES
SUBSIDIARIO

En el evento de que la reivindicacion colombiana 1 en ultimas se determine que no
es admisible, les rogamos que incorporen las reivindicaciones 24 y 25 a la
reivindicacion 1. Esto seria lo mas apropiado dado el gran peso de los ocho paises
que ya han determinado que las reivindicaciones que incluyen la etapa adicional
de pasteurizacién son universalmente admisibles (y ningun otro pais aparte de los

rechazos del Examinador han encontrado lo contrario).
Conclusion

En vista de lo anterior, les rogamos que demuestren y establezcan con firmeza el
objeto de la patente y que ademas insistan en que ha sido unanimemente
respaldado después de una cuidadosa revision en otras varias jurisdicciones. Con
base en lo anterior, se debe proseguir con toda firmeza una decisidén favorable de
admisibilidad.

FUNDAMENTOS DE DERECHO

- Cddigo Contencioso Administrativo
- Decision 486 de la Comision de la Comunidad Andina.

- Demads normas concordantes y complementarias.

ANEXOS

1. Tabla de radicacion extranjera ATSS para 124843, donde consta el estado
actual de la patente donde fue solicitada.

2. Certificado de patente de invencion, expedido por la Republica de Cuba
numero CU 23375 A3, para la invencion: PRODUCCION DE JARABE
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INVERTIDO A PARTIR DE JUGO DE CANA DE AZUCAR USANDO
INVERTASA INMOVILIZADA.

3. Certificado de patente de invencién, expedido por Estados Unidos numero
US 7.435.564 B2, para la invencion: PRODUCTION OF INVERT SYRUP
FROM SUGARCANE JUICE USING iIMMOBILIZED INVERTASE.

4. Certificado de patente de invencién, expedido por Australia nimero AU
2004276578 B2, para la invencién: PRODUCTION OF INVERT SYRUP
FROM SUGARCANE JUICE USING IMMOBILIZED INVERTASE.

5. Certificado de patente de invencién, expedido por la Republica Popular de
China numero 200480035027.9, para la invenciéon: PRODUCTION OF
INVERT SYRUP FROM SUGARCANE JUICE USING IMMOBILIZED
INVERTASE.

6. Certificado de patente de invencion, expedido por la india numero 239863,
para la invencion: PRODUCTION OF INVERT SYRUP FROM
SUGARCANE JUICE USING IMMOBILIZED INVERTASE.

NOTIFICACIONES

Recibiré notificaciones en la Secretaria de su Despacho o en mi oficina de
-43 Piso 12 en Santa Fe de Bogota, D/C.

abogado ubicada en la Carrera

De ustedes-atentamente,




PRESENTACION PERSONAL Y
RECONOCIMIENTO DE CONTENIDO,
FIRMAY HUELLA

El Notario Treinta y Ocho (38) del Circulo de
Bogota, D.C. da fe que el anterior escrito fué
presentado personalmente por:

CASTILLO GRAU GERMAN

quienexhibiéla:  ¢.C. 17017871
y Tarjeta Profesional No. 2978

y manifestd que la firma y huella que aparecen en el presente
documento son suyas, y que acepta el contenido del mismo.

(Art. 68 Dec. 960/70 concordante con " o A

Art 4 Dec. 1681/96)
Bogota D.C. 18/05/2012
ROQOLFO REY BERMUDEZ
10 38 (E) DE BOGOTA, D.C.




“—/Car_peta FLH No.

Inventores (registrados)
Titulo

Cesionario

Carpeta Cliente No.
Solicitud de prioridad

Tabla de radicacién extranjera ATSS para 124843

120443-2000.FF (124843 FF — Radicacion extranjera)

Serna-Saldivar; Sergio R.; Rito-Palomares; Marco A.

Ultima actualizacién: Mayo 17,2012

Produccién de jarabe invertido del zumo de la cafia de azicar usando invertasa inmovilizada
Instituto Tecnoldgico y de Estudios Superiores de Monterrey (ITESM)

120443-2000 (124843 U.S.) Provisional

Solicitud EUA No. 60/507.149
Radicada 29 de septiembre de 2003
PAIS Asunto No. Solicitud No. Fecha Patente No. Fecha de Comentarios. [**=cédigo de pais]:
radicacién la patente | Darby & Darby expediente No. 0429/200N048-
*¥()

Paquistan 2000.PK 763/2004 24/09/04 139139 29/01/07 | *

PCT 2000.WO PCT/IB2004/003163 09/29/04 - --- Completada

Paises elegidos del PCT: == ---

Australia 2000.AU 2004276578 entre: 2004-276578 | Otorgada: Patentada*

471
4/24/11- Sellada:
ellada:
4/29/11 1111
Brasil 2000.BR P10414761-8 29/03/06 Accién oficial pendiente *
Se estima que no serd antes de 2012.
China 2000.CN 200480035027.9 26/05/06 2012 OTORGADA 29/9/2011, tasas de expedicion pagadas. nimero y
? fecha de patente pendiente
Colombia 2000.CO 06039073 29/03/06 Término de la apelacion 18/5/12
? Confirmar fecha de radicacion
Cuba 2000.CU 2006-0072 03/29/06 CU 23375 A3 Otorgada: Patentada* [radicada y tramitada directamente por
2805009 | ITESM, no FLH]

India 2000.IN 1733/DELNP/2006 29/03/06 239863 06/04/10 | Patentada*

México 2000.MX PA/A/2006/003597 29/03/06 276.276 31/05/10 | Patentada*

Tailandia 2000.TH 094162 29/03/06 Accion oficial pendiente, S¢ €spera que sea admitida (con
reivindicaciones de EUA); Publicada 18/3/11 (;para
oposicién?)

Estados Unidos | 2000.1US 10/952.242 28/09/04 7.435.564 14/10/2008 | Patentada*

2? tasa de mantenimiento se vence 14/04/2016

Sudéfrica 2000.ZA 2006/03333 26/03/06 2006/03333 31/10/07 | Patentada*

*Anualidades se vencen 29/9 (anualmente)

printed: 5/18/2012 9:37 AM
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FLH File No.
Inventors (of record)
Title

Assignee
Client File No.

Priority application:

ATSS Foreign Filing chart for 124843 last update: May 17,2012

120443-2000.FF (124843.FF - Foreign Filing)

Serna-Saldivar; Sergio R.; Rito-Palomares; Marco A.

Production of Invert Syrup from Sugarcane Juice using Immobilized Invertase
Instituto Tecnolodgico y de Estudios Superiores de Monterrey (ITESM)

120443-2000 (124843 U.S.) Provisional

U.S. Appln. Ser.No. 60/507,149
Filed September 29, 2003
COUNTRY Matter No. Appl. No.. Filing Pat. No. Pat. Date Remarks. [**=country code]:
Date Darby & Darby file no. 0429/200N048-**0
Pakistan 2000.PK 763/2004 09/24/04 139139 01/29/07 | *
PCT 2000.WO PCT/IB2004/003163 | 09/29/04 - - Completed
Elected PCT Countries: - - -
Australia 2000.AU 2004276578 between: 2004-276578 Granted: 4/7/11 | Patented*
4/24/11- Sealed: 7/21/11
4/29/11
Brazil 2000.BR P10414761-8 03/29/06 Awaiting Official Action *
estimated to be no earlier than 2012.
China 2000.CN 200480035027.9 05/26/06 2012 GRANTED 9/29/2011. issuance fees paid. awaiting patent
? number & date
Colombia 2000.CO 06039073 03/29/06 Appeal due 5/18/12
? Confirm filing date
Cuba 2000.CU 2006-0072 03/29/06 CU 23375 A3 Granted: Patented*
3/28109 [filed and prosecuted directly by ITESM, not FLH]
India 2000.IN 1733/DELNP/2006 03/29/06 239863 04/06/10 | Patented*
Mexico 2000.MX PA/A/2006/003597 03/29/06 276,276 05/31/10 | Patented*
Thailand 2000.TH 094162 03/29/06 Awaiting Official Action, expected to be an allowance
(with US claims); Published 3/18/11 (for opposition?)
United States 2000.1US 10/952,242 09/28/04 7,435,564 10/14/2008 | Patented*
2d Maintenance fee due April 14, 2016
South Africa 2000.ZA 2006/03333 03/26/06 2006/03333 10/31/07 | Patented*
*Annuities due 9/29 (annually)
printed: 5/18/2012 9:06 AM Page 1 of 1 443-2000- 124843
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(19) REPUBLICA DE CUBA

(11) No de publicacion:
CU 23375 A3
(21) No. de solicitud : 2006- 0072

(51) Int. CI’: CI13D 3/14 (2008.04)

CI3D 3/16 (2008.04)
Oficina Cubana de la C13K 3/00 (2008.04)
Propiedad Industrial
(12) Certificado de Patente de Invencién

(30) Prioridad: 2003.04.29 US 60/507,149

(86) Datos Sol. PCT: PCT/IB04/003163 2004.09.29
(87) Datos Pub, PCT; WO2005/031006 2005.04.07

(45) Fecha de publicacién: 2009.05.28

{71) Solicitantes: INSTITUTO TECNOLOGICO Y DE
ESTUDIOS SUPERIORES DE MONTERREY (MX)

(72) laventor/es: Sema-Saldivar, Sergio, R. (MX); Rito-
Palomares, Marco, A. (MX)

(73) Titular: INSTITUTO TECNOLOGICO Y DE
ESTUDIOS SUPERIORES DE MONTERREY, domiciliado en
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1
PRODUCTION OF INVERT SYRUP FROM
SUGARCANE JUICE USING IMMOBILIZED
INVERTASE

FIELD OF THE INVENTION

This invention relates to a method for converting sugarcane
juice or cancentrate into invert (glucose-fructose) syrup using
immobilized invertase.

BACKGROUND OF THE INVENTION

Due to their sweetness and liquid forms, invert syrups are
widely utilized by different segments of the food industry
such as the soft drink and baking industries. Syrups are pre-
ferred over crystallized sugar because they offer processing
advantages. Due to their sweetness and liquid presentation
and similarity with the 42 and 55 (the numbers designate
fructose content as a weight percentage of total sugar content)
fructose cornsyrups, invert syrups are in high demand for soft
drink manufacturing. Currently, refined sugar represents
60-62% of the total sugar produced in the world from sugar
cane and other non-sugarcane sources of sugar. 19.2 million
hectares are planted per year with sugar cane and other non-

sugarcane sources, yielding an average of 142 million metric »

tons of crystallized sugar. In 2002, Mexico was the sixth
world producer [FAO 2003] with approximately 5.2 million
tons of raw sugar production. Recently, however, the industry
has come under financial pressurc due to price competition
from overseas manufacturers of glucose and high fructose
corn syrups as well as other non-sugarcane sources. Thus,
there is a need to develop more efficient processes for refining
sugarcane juice and for producing invert syrup, which repre-
sents a commercially and strategically attractive product. Fur-

thermore, it would be advantageous to retrofit and modify 3

existing sugar cane mills, to produce invert syrup efficiently
without eliminating the miils” ability to-produce table sugar
or sucrose.

During the past decades the food and biotechnological
industries have increasingly used immobilized enzymes for
various processes. The main advantages of the immobilized
enzyme techuology are: lower production costs and improve-
ment in production capacity due to the ability to recover and
re-use the biological catalysts, which are especially suited for
high-yield continuous processes. Furthermore, the immob-
lized enzyme is more stable and the product can be essentially
free of trace contamination by the enzyme, which makes it
easy to purify the resultant product (Messing 1975, Rosevear
1984).

One of the drawbacks of immobilized enzymes is the pos- s

sible decrease in their productive life due to enzyme inacti-
vation caused by substrate contaminants. Raw sugarcane
juice, in particular, contains significant quantities of invertase
inhibitors such as proteinaceous and other nitrogenous com-

pounds both soluble and insoluble, phenolics, flavonoids, s

anthocyanins, waxes, and minerals (Clarke and Godshall
1988, Donavan 1993).

In a conventional cane sugar refining process, the raw
sugarcane juice is normally limed, deaerated and clarified
(removal of suspended solids, usually by sedimentation) and
the resulting semi-refined juice or melter liquor is purified by
clarification (carbonation via addition of lime and carbon
dioxide or phosphatation via addition of lime and phosphoric
acid) and decolorization (Clarke and Godshall 1988, Dono-
van 1993). This conventional treatment, however, would be
inadequate as a preparation for a conversion step using immo-
bilized invertase. Adding further refining steps prior to con-
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version would make the economics of such a process unfa-
vorable or even prohibitive. Adequate prior purification of the
substrate is tmportant to ensure a more efficient use of the
immobilized invertase reactor. One type of process, (Dono-
van et al., U.S. Pat. No. 6,406,548; Monclin 1995 U S. Pat.
No. 5,468,300) proposes filtering sucrose containing cane
juice through ultrafiltration, ultracentrifugation and nanofil-
tration. The resulting juice can be used in evaporation and
crystaltlization operations to produce crystals of white sugar.
Monclin U.S. Pat. No. 5,468,300 describes a method to pro-
duce sugar from sugarcane without using conventional refin-
ing processes but using instead ultracentrifugation or ultrafil-
tration and removal of discolorants through adsorption.
Additionally Monclin employs viscocity modifiers. South
African published patent application No. ZA200107964 also
proposes the use of microfiltration, ultrafiltration and anion
exchange as refining steps for sugarcane juice or concentrate
prior to its crystallization into table sugar. But none of these
references proposes conversion of the thus refined sugarcane
juice to invert syrup through use of an immobilized invertase
reactor.

Enzyme reactors withimmobilized invertase are capable of
producing invert sugar solutions. Invertase (beta-D-fructo-
[uranosidase  fructohydrolase EC 3.2.2.26) hydrolyzes
sucrose info fructose and glucose. Sucrose may also be con-
verted to glucose and fructose through acid hydrolysis. Indus-
trial scale processes for manufacturing glucose-fructose solu-
tions from sucrose generally use acid hydrolysis, which is
expensive, because it can be practiced only in a baich or
semi-continuous process. Furthermore, acid hydrolysis
which is conducted at pH 2-3 produces a low-quality invert
syrup containing furfural and other undesirable colored com-
pounds. The use of refining and sucrose convetsion in a con-
tinuous process, especially one starting from raw sugarcane
juice and adapted to be practiced on an industrial scale for the
production of invert syrups has not been previously reported.

Numerous methods for preparing immobilized enzymes
and using them for other purposes have been described such
as the methods and uses described by Nystrom in U.S. Pat.
No.3,935,068: by Long in U.S. Pat. No. 3,935,069; by Amotz
etal. in U.S. Pat. No. 3,980,521; by Monsan in U.S. Pat. No.
4,405,715, by Morimoto et al., in U.S. Pat. No. 4,543,330 by
Sutthoff in U.S. Pat. No. 4,110,164: by Leuba et al. in U.S.
Pat. No. 4,918,016: by Harder et al. in U.S. Pat. Nos. 5,314,

5 814 and 5,405,764: and by Kasumi etal. (1977) and Tsumura

et al. (1978). Messing (1975) and Rosevear (1984) reported
that the catalytic activity of immobilized enzymes is main-
tained for longer periods of time compared to enzymes used
in solution. But again, none of these references propose
adapting these techniques to a process for making invert
syrup production from sugarcane juice, much less to one
practiced on an industrial scale.

Martinez in U.S. Pat. No. 6,013.491 describes methods for
preparing and using yeast adhered to a fibrous cellulose sup-
port for converting sucrose into glucose and fructose and
Ramos Lazcano in U.S. Pat. No. 5,270,177 describes a
method for the production of glicose-fructose syrups from
sucrose using a recombinant yeast strain. Some suppoit sys-
tems allow regeneration of invertase activity when the col-
um is treated with chemical compounds (Torres et al. 2003).

SUMMARY OF THE INVENTION

An object of the present invention is to provide a novel

5 process for making invert (glucose-fructose) syrups from raw

sugarcane juice. A more specific object of the present inven-
tion is to provide a continuous process for making invert



US 7,435,564 B2

3

syrups from raw sugarcane juice, which process can be prac-
ticed economically on a large scale.

Raw sugarcane juice without need for prior conventional
treatments (such as one or more of liming, deaeration, and
clarification through carbonation or phosphatation or sedi-
mentation) is first preferably refined to remove solids as well
as soluble materials, which can foul up the enzyme or other-
wise reduce the performance and efficiency of a reactor con-
taining a bed of immobilized enzyme.

These purification steps can preferably be performed using
a combination of (i) at least two filtration stages and (ii) an
anionic exchange, all in a continuous unit operation. The juice
can then be bioenzymatically converted to invert syrup in a
column containing a bed of immobilized invertase. The fil-
tration stages can include a combination of coarser filtration
(e.g., particle filtration) and finer filtration (e.g.. microfiltra-
tion), or a combination of microfiltration (coarser) and ultra-
filtration (finer), or all three, or one or two of them in combi-
nation with yet another filtration step. The only constraint is
that the coarser filter should be used first and that no filtration
step should employ a filter so fine that it would retain sugar
molecules (such as fructose or glucose or sucrose) that are the
desired constituents or precursors of constituents of the final
product. Thus, no filtration step should retain substances hav-
ing a m.w. of 400 or less (corresponding to a size of about
0.003 jum). Preferably the two-stage filtration step should
retain substances having a m.w. of 4000 or even higher, e.g..
10,000 Daltons, thus making it possible to use less stringent
membrane technologies and less expensive filtration systems.
There should preferably be a pasteurizing step especially
when ultrafiltration is not employed. Pasteurizing may be
optionally practiced even when ultrafiltration is employed.
Whether pasteurization is needed or not also depends on the
time delay between juice extraction and completion of the
two-stage filtration step. Preferably pasteurization is com-
bined with concentration.

1t is advantageous for the present process that the refined
sugarcane juice be partially concentrated (preferably up to
about 50-55° Brix) before entering the enzymatic conversion
stage. This means that there can be a concentration step
immediately before the enzymatic conversion or earlier in the
process, e.g., simultaneously with the anion exchange step or
between two such steps (e.g., by concentrating all or some of
a reflux portion of the output of the anion exchange step) or
prior to anion exchange (at the end of all filtration) or before
completion of filtration (between an earlier and a later filtra-
tion step). The concentration step can be advantageously
combined with a pasteurizing step.

Further preferred is to re-subject the partially concentrated
(or unconcentrated) filtered juice 1o another anion exchange
purification stage prior to the enzymatic conversion stage, or
a reflux portion of the refined juice can be concentrated (or
further concentrated) before being redirected to the anion-
exchange stage.

Starting material for the present invention is preferably raw
(ie., freshly extracted without processing) sugar cane juice
obtained after pressing the sugarcane. This is converted to
invert syrup using an immobilized invertase enzyme, prefer-
ably in a totally continuous process. The sugarcane juice is
refined prior to conversion to remove solids and substances
(both soluble and insoluble) that would inhibit, or otherwise
inactivate, or impede the performance of the bicenzymatic
conversion step. Conveniently, a first fraction of solid con-
taminants can be removed by a filtering process practiced in at
least two stages such as particle filtration or microfiltration. A
second fraction of solid contaminants and a first fraction of
soluble contaminants can be removed by a second filtering
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technique such as microfiltration (or ultrafiltration). Most
preferably, both microfiltration and ultrafiltration are
employed, in fact in that order, optionally further in combi-
nation with an ordinary particle filtration step that would be
performed first. Thereafier, a column packed with an anionic
exchange resin may be used to remove additional soluble
contaminants.

In atypical preferred embodiment, the sugarcane juice has
a sugar content of 15-23° Brix after extraction from sugar-
cane. 92-96% of the sugar content of sugarcane as extracted is
sucrose. In turn, sugar represents 75-92% of the solids content
of the sugarcane juice. Sugarcane juice is passed at least once
through a microfiltration unit equipped with a 0.2 pm mem-
branc and an ultrafiltration unit cquipped with a membrance
with a molecular weight cut off of 10,000 daltons. The micro-
filtration and ultrafiltration steps also remove many microor-
ganisins, leaving the juice with a decreased microbial foad.
These purification steps are selected for their ability to
remove contaminants, while minimizing loss of sugar. The
resulting ultrafiltered (semi-purified) sugarcane juice is
passed at least once through a column packed with an anionic
exchange resin that has strong affinity for phenolic and
nitrogenous conlaminants, such as Digion WA 30 (Sigma
Aldrich St Louis Mo.) resin. These purification sleps are
selected to remove contaminants, but not sugar.

In an alternative preferred embodiment the raw sugar cane
juice is first filtered using a particle filter (sieve) passing
particles no larger than 250 microns or even a 100 mesh to
thus remove those solid particles. (A HONIRON (Jeanerette,

0 La.) Self Cleaning Rotary Screen may be used for this pur-

pose.) The juice emerging from this stage is preferably pas-
teurized, and preferably simultaneously partially concen-
trated, e.g.. to 40-50° Brix, and then fine-filtered through at
least one finer filter. preferably a microfiltration membrane

5 device. The juice emerging from microfiltration is subjected

to anion exchange. An advantage of this embodiment is that a
relatively expensive step, ultrafiltration, is replaced by a rela-
tively inexpensive set of steps, particle filtration preferably
combined with pasteurization, the latter to reduce the micro-
bial load since (unlike ultrafiltration) ordinary filtration does
not remove bacteria or other microorganisius.

At this point, the refined sugarcane juice can be partially or
further concentrated if a concentration step has been per-
formed earlier (up to about 50-55° Brix). The finished invert
syrup product should be 68° Brix or more (typically up to
about 70°) to discourage development of microorganisms and
to reduce transport costs. The sugar cane juice after the filira-
tion steps and preferably after one pass through an anion
exchange column can be concentrated up to 70° Brix (pref-
erably to about 50-55° Brix) using conventional evaporators
such as the ones commonly employed in the sugarcane or
syrup industries while still being susceptible (o purification
by an anion exchange column. The treated sugarcane juice
can preferably be further refined (e.g.. through one or more
additional anion exchange columns) before passing through a
packed bed reactor with immobilized invertase. During
evaporation, all contaminants are concentrated so, if desired,
the concentrate can be advantageously passed once or several
more times through the same or a different anionic resin
column. Several bench scale tests show that this additional,
post-concentration anion exchange refining step further low-
ered 42% of the residual phenolics and 24% of the residual
proteins respectively in a sugarcanc juice concentrated to
50-55° Brix after one pass through an anion exchange col-
umn, and then re-subjected to a second anion exchange step.
This additional step produces syrups with lighter color and
further prolongs the immobilized enzyme half-life in the con-
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version reactor. Alternatively. or in addition to multiple anion
exchange steps, a reflux portion of the anion exchange treated
juice can be concentrated prior to returning it to the anion-
exchange column.
Prior to entering the enzymatic hydrolysis column, the
anion exchange treated optionally concentrated sugar cane
juice preferably has the following values:
sugar content: 15-25° Brix, if not concentrated, and up to
about 50° Brix if concentrated;
sucrose content: 92-96% by weight of the total sugar content;
residual (dissolved) non-sugar solids content: less than 1% by
weight;

residual (dissolved) phenolics compounds content: 53.24
ppm;

residual mineral content: 0.08% or less by weight.

It is believed that the process of the invention also greatly
reduces the flavonoids, anthocyanins aitd waxes content of
the sugarcane juice.

The reactor conditions and flow rate can be adjusted to
achieve conversions exceeding 90%. It is important to obtain
at least 90% conversions, otherwise residual sucrose can crys-
tallize and degrade syrup quality. Invertase works optimally
al pH 4.5 10 6.0 and a temperature of 45 10 60° C., s0 it is
preferred that the conversion step be performed under tem-
perature and pH control. The resulting inver( syrup can be
optionally further concentrated using conventional evapora-
tors (typically to about 70° Brix), pH adjusted (to within the
range 4.0 to 5.0) or further refined using an anionic column
such as that described above or another adsorption means
such as a system employing activated carbon by way of illus-
tration. Concentration, which leads to a reduced volume and
increased Brix content has the effect of discouraging devel-
opment of microorganisms and reducing transport costs. The
additional post-conversion treatment will remove residual
protein and remaining undesirable cofored compounds.

In another aspect, the invention is directed to apparatus
comprising equipment for performing the foregoing continu-
ous unit operations namely a microfiltration unit, an ultrafil-
tration unit connected in-series to and downstream from the
microfiltration unit for recciving the microfiltered juice and
producing ultrafiltered juice, an anion-exchange column with
or without reflux capability (the reflux stream exiting the
column optionally connected as input to a concentration stage
and the output being returned to the column), an anion-ex-
change column receiving ultrafiltered juice and producing
anion-exchange treated sugarcane juice and a colwnn reactor
containing invertase mounted on a solid support.

Advantages of the present invention include without limi-
tation the ability 1o effect the conversion to invert syrup efli-

ciently and continuously using a process readily adapled to s

commercial scale, and the ability to extend enzyme life and
uninterrupted column reactor operation and thus to improve
process efliciency.

Additional objectives, features and advantages of the

invention will be more readily understood from the detailed

description below.
BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a flow diagram of a process for making invert
syrup according to the present invention.

FIG. 2 is a flow diagram of another process for making
invert syrup according to the present invention.

FIG. 3 is a plot of the remaining activity of native and
modified invertase plotted against incubation time.

FIG. 4is aplot of the modified invertase (2 U/ml) recovered
by use of different dialysis membranes.
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DETAILED DESCRIPTION OF THE INVENTION

In one embodiment, the present invention is directed to a
novel process for invert syrup production utilizing raw sug-
arcane juice obtained via conventional extraction processes.
The invention comprises a first stage, (purification and
optional partial concentration of the raw sugarcane juice) and
a second stage (enzymatic conversion of the refined sugar-
cane juice using immobilized invertase and optional further
concentration of the resulting invert syrup as illustrated in
FIG. 1). After obtaining the raw sugarcane juice by traditional
extraction procedures {mashing, treatment with lime and/or
other conventional refining steps to remove coarse solids,
thereby improving clarity and to remove color can be and arc
preferably omitted except possibly for a sedimentation step to
remove coarse solids), the juice is filtered and anion exchange
purified in preparation for the conversion step. Additional
refining steps can follow the conversion step.

The sugarcane juice undergoes solid removal operations,
such as microfiltration and ultrafiltration or particle filtration
and microfiltration with the aim of removing fine insoluble
contaminants and a significant first fraction of soluble con-
taminants. A microfiltration unit equipped with 0.2 un diam-
eter filtration membrane serially followed by an ultraliltration
unil equipped with a membrane to separate conlaminants
with molecular weights higher than 10,000 daltons (which
corresponds to sizes higher than 0.005 ym) are particularly
preferred. Lower molecular weight cutoffs are acceptable, as
described supra, as long as they do not cause the retention of
sugar molecules nor lead to unnecessarily increased equip-
ment and process costs. (As used herein, substantially retain-
ing sugars contained in the sugar cane juice means retaining
at least 85% and preferably at least 90% of the original sugar
content of the juice.) These two separation techniques prac-
ticed in series significantly reduce (typically by more than
90%) the original raw sugarcane juice insoluble protein con-
tent as determined with the Biuret technique (Gomall et al,
1949). Alternatively, a combination of particle filtration using
a filter passing. e.g., 100 mesh followed by microfiltration as
described immediately above can be practiced. Preferably,
the juice will be pasteurized and optionally simultaneously
concentrated to, e.g., 35-50° Brix between the first and sec-
ond filtration step. The pasteurization step is of greater benefit
in embodiments where ultrafiltration is not employed.

Each of these process steps can be performed more than
once, yielding still better solids removal. However, even after
such sophisticated solids depletion techniques, the sugarcane
juice product will still contain soluble components that
adversely affect invertase and/or reactor performance. For
this reason, the partially refined sugarcane juice is further
subjected to an anion-exchange step for reducing undesirable
soluble components. A wide varietly of anion exchange mate-
rials can be used: e.g., diethylaminoethyl cellulose, styrene,
acrylic and agarose. Agarose is preferred from the point of
view of cost; cellulose is preferred as providing both good
performance and low cost.

Removal of undesirable soluble components can be pref-
erably accomplished through an anionic exchange column
that possesses a strong affinity for phenolics and nitrogenous
compounds. This anion exchange step proved to be highly
efficient to clarify the juice and to remove further undesirable
compounds in preparation for the enzymatic conversion.

Pasteurization can be carried out at a temperature as low as
61.5°C.oratahigher temperature, e.g., 72° C. Care should be
taken not to affect quality of the invert syrup adversely. so
after conversion lower concentration and pasteurization tem-
peratures should be used.

N
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EXAMPLE 1

With particular reference to FIG. 1, sugarcane was
extracted using conventional techniques in extraction stage 1.
The raw extract 101 (characteristics shown in Table 1) at a
flowrate of 12.0 L/l was passed through a Quick Stan Bench-
top system containing a microfiltration unit (2 in FIG. 1)
manufactured by A/G Technology model no. QSM-04SAP
equipped with a 0.2 pm filtration membrane under a max 30
psi pressure drop conditions 1o yield a microfiltered sugar-
cane juice 201 having characteristics illustrated in the second
column of Table 1. The contaminants 202 were mostly pro-
teins, peptides, phenolics and other colored compounds.
Microfiltered juice 201 was then subjected to ultrafiltration
using a unit manufactured by A/G Technology, model no.
QSM-04SAP (3 in FIG. 1) under a max 30 psi pressure drop
conditions to yield ultrafiltered sugarcane juice 301. The con-
taminants 302 were mostly proteins, peptides, phenolics and
other colored compounds. The ultrafiltered juice 301 was
then subjected to anion exchange column (4 in FIG. 1) under
pH 5.5 conditions using a glass column, a weak anionic
exchange resin (Diaion WA 30) commercially available from
Sigma Aldrich (St. Louis Mo.). The resin had an average
particle size of 16-50 jum, it was a porous resin activated with
alkylamine and had a capacity of 1.5 meq/ml (Supelco). The
resin was previously treated with a 0.05 M sodium phosphate
solution adjusted to pH 5. The glass column used to pack the
resin had a 30 cm length and an internal diameter of 2.5 cm.
The 15 cm long packed resin bed was treated with a sodium
acetate buffer until the pH of the exiting solution was 4.5. The
ultrafiltered sugarcane juice was passed once through the
column. In this step, approximately 50% of the phenolic
compounds were removed, as estimated with the Folin Cio-
calteau analytical procedure (Swain and Hillis 1959).

The anion exchange treated sugarcane juice 401 had the ™

characteristics set forth in the column of Table 1.

At this point, the entire stream 401 can be concentrated in
concentration stage (5in FIG. 1) and passed through the same
anion-exchange column, or a reflux portion of it, strearn 401A
can be concentrated, prior to returning it through the same
column (stream 501 in F1G. 1) which might be returned to the
column at an intermedian point depending on the impurity
conlent of the concentrated reflux stream. Altematively,
stream 401, can be concentrated and passed (hrough a second
anion-exchange columa (not shown). Redirecting the con-
centrate 501 through anion exchange column 4 (or passing it
through another anion-exchange column) removes additional
soluble contaminants resulting in a further purified stream

(not separately shown in FIG. 1). Stream 401 then becomes

the feed to the column reactor (6 in FIG. 1).
EXAMPLE 2

Invertase (Grade VII, Catalog number 1 4504, Sigma Ald-
rich, St. Louis, Mo.) was imumobilized by simple adsorption
on chitosan beads (Chitopear] BCW 3505, Wako Chemicals
USA, Inc.). The bead size was 350-390 pum and had an ionic
exchange capacity of 0.2-0.3 meg/m! with a specific surface
of 150-200 m*/g. The chitosan beads were washed three times
with distilled water and a 0.02 M sodium acetate solution (pH
4.5). The invertase was added to the chitosan beads at
approximately 2,000 enzymatic units/g beads and the result-
ing suspension was kept under agitation for 60 min at room
temperature. The solution was filtered and the chitosan beads
containing the immobilized invertase were washed once with
a 0.02 M sodium acetate solution (pH 4.5).
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The enzyme material immobilized on chitosan beads was
used to pack a 20 em long jacketed column (Type XK-16
Pharmacia) with an internal diameter of 16 num. The length of
the immobilized enzyme support system was adjusted to 120
mm. Zirconium heads werce placed on top and bottom of the
column, Zirconium was used as an inert material simply to
avoid column support losses. In commercial operations spe-
cial mesh trays are used instead of zirconium or other inert
materials. The column was equilibrated to a temperature of
50° C. by running heated water through the column jacket.
The refined sugarcane concentrate 401 with 50-55° Brix was
pumped through the column at a flow rate adjusted to cause a
residence time of 10 min. The amount of sugars in the sub-
strate and product was determined with the dinitrosalicilate
acid colorimetric method and by high performance liquid
chromatography equipped with a refractive index detector.
Under these conditions more than 95% of the sucrosc was
converted to glucose and fructose (invert syrup). The glucose

o to fructose ratio in product stream was 1:1. The remaining

characteristics of product stream 601 are also set forth in
Table 1. Finally the invert syrup product 601 was concen-
trated to 68-70° Brix in evaporator 7 and optionally further
refined to meet specifications demanded by the industry.
These final adjustments can be performed using conventional
unit operations and refining techniques such as the use of
adsorption column packed with an activated carbon filter to
improve syrup color.

EXAMPLE 3

This Example is a batch wise simulation of a continuous
process of an alternative preferred embodiment of the present
invention. With particular reference to FIG. 2. sugarcane was
extracted using conventional techniques in extraction stage
21. In first filtration stage 22, the raw extract 1001 having
characteristics as shown in Table 2 was first passed through a
sieve No. 100 (100 mesh) at ambient pressure. Relatively
coarse solid contaminants 2002 were collected by the filter
and discarded. The (rst-filtered juice 2001 is first pasteurized
instep 23 at 61.5°C. for 0.5 hours (or at a higher temperature,
e.g., 72° C. for a shorter time. e.g. 15 sec.) and at the same
time evaporatively concentrated to 50° Brix. The pasteurized/
concentrated juice 3001 was passed through microfiltration
cartridge 24 (2800 cm?, CFP-2E-6A made by Amersham
Biosciences Buckinghamshire, UK) and having a membrane
with a pore diameter 0of 0.2 um equipped with a pump (E-trac
WICIIT made by Inverter), operated at a pressure of 13 psito
remove fine solid particles (fine ashes, colored compounds)
aswell as to reduce yeast and bacterial load, and high molecu-
lar weight proteins (about m.w. >100 KD) which are dis-
carded (4001).

Periodically, after 6-8 hours of use the microfilitration unit
was regenerated by washing it twice with 0.2 M NaOH at 50°
C.The NaOH needed to be washed off (3 times) with water or
neutralized with IN HCL.

The microfiltered juice, fine-filtered stream 4002, repre-
sents the two-stage filtered intermediate product. The char-
acteristics of this intermediate product are shown in Table 2.
‘The intermediate product still had an undesirable dark brown
color, which indicated the presence of phenolics and other
colored compounds.

The intermediate product 4002 was then subjected to anion
exchange in step 25: it was fed at the top of'a S00 ml column
{450 ml work volume) equipped with Whatman DE52 anion-
exchange resin microgranular, with a capacity of 0.88-1.08



US 7,435,564 B2

9

meq/g (Whatman, N.Y., USA). Sodium phosphate buffer was
used to equilibrate the column to a pH of 5 prior to feeding
intermediate product 4002.

The anion-exchanged product 5001 emerging from the
column had the characteristics shown in Table 2. The con-
taminants removed 5002 inctuded phenolic acids and other
colored compounds, leaving a pale yellow clear product
5001. These steps also would have lowered the content of
invertase inhibiting nitrogenous compounds but measure-
ments were not made in this Example.

The anion exchanged product 5001 was then subjected to
enzymatic hydrolysis in step 27 using a column in which
invertase (Maxivert L10000 from Saccharomyces cereviciae
with an activity of 10,000 U/ml, DSM, France) was immobi-
lized onto Chitopearis™ uscd as a support. Loading of the
support with enzyme was accomplished as described in
Example 4.

The column was maintained at 60° C., pH 5 and the con-
version to invert syrup took place as the anion-exchanged
product moved through the column. Chitopearls™ were cho-
sen among other supports in part for their efficiency, low cost
and low operating cost and in part because they have some
ion-exchange capability which further improved the color of
(he syrup. A colorless liquid 7001 emerged from the catalytic
column.

After the invertase was spent (due to microbial growth as a
result of intermittent use totaling approximately 7 days) the
support was washed with 1N NaOH to elute the invertase,
washed three times with distilled water and loaded with fresh
enzyme as described above. The support has a long useful life
and can be cleaned, loaded with fresh enzyme and reused
several times before it has to be replaced. Restricting the
bacterial growth would extend the days of operation of the
invertase.

The invert syrup emerging from the catalytic column had
the characteristics given in Table 2.

The invert syrup may be concentrated to 68-70° Brix after
the enzymatic conversion. Post-conversion concentration
may be effected in a vacuum evaporator at 60° C. in order to
avoid color formation of the invert syrup caused by the effect
of higher temperatures.

Preconversion concentration will yield a product having
40-50° Brix immediately before conversion (this can be done
using a portion or all of the anion exchange column product as
illustrated in FIG. 2, stream 50014 into step 26 and concen-
trated stream 5002 back into the top or an intermediate point
not shown of step 25). The various locations of concentrating
stages in the process have different advamtages and disadvan-
tages. Preconversion concentration allows working with
reduced volumes and decreases the rate of growth of micro-
organisms due to high concentration of solutes; however, the
increased viscosity of the solution will affect negatively the
performance of the microfiltration membranes (and ultrafil-
tration, if any) by causing an increased pressure drop.

EXAMPLE 4
Enzyme Immobilization

A 2500 U/mL invertase (Maxinvert 110,000, DSM,
France) solution in 50 mM phosphate buffer pH 5 was modi-
fied according to the protocol reported by Hsieh (2000). 30
mg of invertase (412 U/mg) were dissolved in 29 ml of 50 mM
phosphate bufter, pH 5.0 were mixed with 1 ml of 30 mM
sodium periodate for 3 h at 4° C. in the dark. Unrcacted
sodium periodate was removed by adding 0.2 ml ethylene
glycol and mixing for 30 min. Resultant periodate-oxidized
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invertase was dialyzed apainst 50 mM phosphate buffer, pH
0.0. FIG. 3 (a plot of the remaining activity at 55° C. in 1M
sucrose pH 6 of native and modified invertase (2 U/ml) pre-
viously incubated at the same temperature plotted against
incubation time) shows that the modified invertase has a
higher activity than the native enzyme and that the modifica-
tion step increased the useful life of the enzyme. For example,
the native enzyme lost 75% of its initial activity in 6 hours,
whereas the modified enzyme took around 27 hours.

During the modification process, dialysis was used to
eliminate the reactants needed for the modification (sodium
periodate and ethylene glycol). Dialysis might be carried out
using a 10 kDa molecular weight cutoff membrane (a higher
m.w. cutoff membranc could be used, ¢.g., in cxcess of 25
kDa). Results shown in FIG. 4 (a plot of the activity at 55° C.
in 1M sucrose solution at pH 6 of modified invertase (2 U/ml)
recovered by different dialysis membranes having a molecu-
lar weight cutoff of 10 kDa, 15 kDa, and 25 kDa demonstrate
that the activity of the modified enzyme is not influenced by

0 the type of dialysis membrane.

Further experiments were performed using the modified
enzyme to select the most convenient support for immobili-
zation. Alumina, Sephabeads® and Chitopearls™ were used
for this purpose. Chitosan beads were selected as support for
enzyme immobilization since they are easy lo prepare, their
use is cheaper and their preparation faster than the other
commonly used supports. Moreover, chitosan beads had a
much longer useful life and used up less enzyme so the
immobilization process was efficient. Lastly, as pointed out in
Example 3, this support has some ion-exchange ability which
further improves the clear color of the produced syrup.

Prior to immobilization, Chitopearls™ BCW 3505 (Fuji
Spinning Co., Ltd, Japan) were washed three times with dis-
tilled water. Water excess was decanted and 40 g (50 ml) of
Chitopearls™ were packed inside a 30 cm long and 1.5 cm
internal diameter glass column (50 m! work volume)
equipped with temperature jacket and mesk-and-cloth perme-
able caps in both ends of the column. Modified invertase was
immobilized by simple absorption, i.e., passing the enzyme
solution through the column to achicve a concentration of
1000-3000 IU/g. Before use, 50 mM NaH,PO,,. pH 5 buffer
was passed through the column until the exiting solution had
a pH of 5. Operation temperature was fixed at 60° C. The
immobilized enzyme was used to convert test solutions (su-
crose in water containing 34-50% sucrose) to invert syrup.
The conversion rate was high. starting at 100%. After 3 days
of continuous operation, the conversion was still higher than
80%. Additionally. due to the ion-exchange properties of the
Chitopearls™, the resulting invert syrup was almost crystal
clear (L=66.14. a*=0.39, b*=2.11). No substantial dilference
in pressure drop was observed when increasing sugar concen-
tration since the size and form of Chitopearls™ allows an
easy {low through the column, indicating that more concen-
trated juice could be used. At this scale the flow was fixed in
the range of 5-12 ml/min.

EXAMPLE 5
Effect of lon Exchange on Decoloration

Microfiltered sugarcane juice was passed through a weak
anionic exchange resin (Whatman DES52 pre-swollen micro-
granular anion exchange resin Whatman. N.Y., USA) in order
to remove phenolic compounds and proteins.

Prior to use, the Whatman NDES2 pre-swollen microgranu-
lar anion exchange resin was activated by adding 50 mM
NaH,PO,. pH 5 buffer until achieving complete hydration.
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Once the resin was hydrated and ready to use, 40 g of it were
packed inside a 15 cm long and 2 cm internal diameter plastic
column (50 mi work volume) equipped with a bottom filter.
Microfiltered sugarcane juice flow (downward) was fixed at 8
ml/min using a peristaltic pump. Colored compounds of 2 L,
of microfiltered sugarcane juice were removed using 40 g of
resin, yielding a light yellowish translucent liquid. Color
parameters were measured with a Minolta colorimeter using
a white standard as background and a D65 light source.
CIELa*b* parameters (color space coordinates) indicate a
more luminous color of the sample after ion exchange, chang-
ing L values from 34.02 to 63.72. The reddish coloration also
decreased with a change from +3.92 to -2.85 of the a* values.
This column was regenerated using 2 bed volumes (100 ml)
of 1 N NaOH solution followed by 2 bed volumes of dem-
ineralized water and 2 bed volumes of NaH2P0O4 50 mM, pH
5 buffer. Residual NaOH (100 m}, 1.0 N) was eliminated by
neutralization with HCl 1 N.

EXAMPLE 6
Sucrose Conversion at Pilot Plant Scale

Invertase was immobilized in Chitopearls™ as described
in Example 2 and packed in a 70-cm long and 7-cm internal
diameter (2700 ml work volume) glass column equipped with
heat exchange jacket and with permeable caps in both ends of
the column. Before use, 50 mM Nal1,PO,, pII 5 buffer was
passed through the column until the exiting solution had a pI1
of 5. Operation temperature was fixed at 60° C. using hot
water. Initial juice out was diverted until stable. The system
was tested first with a 32° Brix sucrose solution at 9.6 L/h
using a centrifuge pump (Fasco, Model 71632363). With a
residence time of 14 seconds, the average total conversion
was 96.0%. Concentration of fructosc and glucose in the
invert syrup was determined with the colorimetric method of
dinitrosalicilic acid (DNS) reported by Miller (1959). G. L.,
Anal Chem., 1959, 31: 426-428.

EXAMPLE 7

Production of Inverted Syrup from Sugarcane Juice
at Pilot Plant Scale Without Pasteurization or
Ultrafiltration.

Sugarcane juice was extracled using the conventional tech-
nique, which consists in mashing the sugarcane with a
mechanical crusher. Raw sugarcane juice was passed manu-
ally as required during the tests in lots of 2 L through a sieve
No. 100 (lyler equivalent 100) in order to remove coarse solid
particles that could affect further process stages. Solids (in-
cluding ashes, stones and organic materials) were retained by
the sieve while prefiltered sugarcane juice passed through it
and was collected in reservoir tanks for further processing.

This Example is also illustrated in F1G. 2 but no pasteuriza- s

tion nor optional concentration was performed (no step 22).
The reference numbers to various streams in this Example 7
do not imply that the streams would have the characterization
given in Table 2 for a different experiment.

First-filtered sugarcane juice was then finer filtered
through a microfiltration membrane (Amersham Bio-
sciences, CFP-2-E-6A) equipped with a pump (E-Trac
WECHT AC Tnverter). The unit consisted of a 2800 cm?
microfiltration membranc of 0.2 um. Entrance and exit pres-
sures were maintained at 13 and 0 psi, respectively and the
pump speed maintained at 200 RPM. Under these conditions,
the flow rate through the cartridge was 900 L/h, while the
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retained sugarcane juice (4001) had a flow of 895.2 L/h,
which was recycled to the reservoir tank from which the
sugarcane juice was taken. Microfiltered sugarcane juice
(4002) had an average flow of 4.8 L/h and was collected in
reservoir tanks for further processing. After use, the mem-
brane needed to be washed with 20 L of NaOH 0.2 N at 50° C.
in order to remove ali solids attached to the surface and for
sanitization. Residual NaOH (20, 0.2 N) was eliminated by
neutralization with 4 T, of 1 N HCL. The microfiltration equip-
ment did not have sufficient capacity, and a larger unit should
have been used. But this is a matter of optimization, within the
skills of the art.

Microfiltered sugarcane juice (4002) passed downwardly
througha 70 cm long and 7 cm internal diameter glass columin
packed with Whatman DE52 resin (1350 cc work volumc)
previously treated as described in Example 5. Microfiltered
juice (4002) was pumped by the action of a peristaltic pump
(Stenner 170DMS5) at an average flow rate of 1.1 L/hr, yield-
ing alight yelowish translucent liquid (5001) at the exit of the
unit that was collected in reservoir tanks for further process-
ing. Colorimetric changes in sugarcane juice were deter-
mined using the CEELa*b* scale (Minolta calorimeter),
yielding the {ollowing parameters: from L*41.7, a*+6.75,
b*+24.42 in the inle! sugarcane juice to L*61.17. a*-1.52,
b*+14.94 in the outlet.

Operation time depended on the phenolic content of the
sugarcane and downward comptession of the column caused
by the resin due to the differential pressure drop of the juice
flow from top to bottom. This indicates the need to optimize

0 the type of resin, possibly switching to a more efficient one:

candidates are Dowex 66 by Sigma Aldrich, St. Louis, Mo.,
U.S.A. or even Chitopearls’™, eniployed in the conversion
step, which have considerable ion exchange capacity and
which are likely to withstand the column pressure better. The
average operation time using the conditions described herein
was 5 hours, higher operation times yielded product with
higher quantities of phenolic compounds due to progressive
loss of the resin exchange capacity, affecting optical proper-
ties. Several anionic columns may be used in order to operate
in a scmi-continuous basis. switching from one to the other
once saturation of the resin is reached. Saturation of the resin
may be determined indirectly by measuring the CIELa*b*
parameters in the outflow. After the resin has lost most of its
ion exchange capability due to saturation with phenolic com-
pounds it is regenerated with NaOH 1.0 N as described in
Example 3.

Ton exchange treated sugarcane juice (5001) was passed
through the enzymatic conversion column (27) described in
Example 6. The ion exchange {reated sugarcane juice actually
flowed upwardly by the action of an adjustable flow centd-
fuge pump (Fasco, Model 71632363). When the sugarcane
juice flow through the column was fixed at 12 L/h (with
residence time of 10.5 seconds), the average total conversion
was 89.7%, and when it was fixed at 6 L/h (with residence
time of 21 seconds). the average total conversion was 98.0%.
Lnvert syrup was collected in reservoir tanks for further pro-
cessing.

After conversion, inverted syrup (7001) may be concen-
trated using an evaporator equipped with a vacuum pump.
The evaporator would be charged with 20° Brix invert syrup
until the operational volume is reached. After loading, the
batch evaporator is closed and tumed on. The evaporator
would be set to operate at an average temperature of 55° C.
and a pressure of -0.9 bars that would be reached in a time
period according to the characteristics of the cvaporator.
Invert syrup inlet flow should be adjusted automatically by
the evaporator control system at the same time that condensed

1V



US 7,435,564 B2

13

water exits at its rated flow. Inverted syrup in the evaporator
would be concentrated until it reached 70° Brix. Sugar con-
centration (° Brix) would be determined with a refractometer
(such as SPER SCIENTIFIC. 0%-80%).

In its embodiment, the invention comprises the step of
converting suigarcane juice/concentrate (preferably previ-
ously contaminant-depleted, as outlined above, using at least
a two-stage filtration that combinedly eliminates contami-
nants larger than 0.2 pm and preferably even those larger than
0.005 pm) using immobilized invertase, placed in a packed
bed reactor (fixed, moving or fluidized). There are several
reports (Akgol et al., 2001, Bahar and Tuncel 2002, D' Souza
and Godbole 2002, Tanriseven and Dogan 2001, Tumturk et
al., 2000 and Torres et al., 2003) that show different ways to
immobilize invertase on differcnt supports. Any of the fore-
going in principle can be used subject to cost constraints.
Additional invertase immobilization techniques and supports
are well-known and described in the patent literature
reviewed in the background section.

There is a wide variety of immobilized support systems
based on adsorption, entrapping. encapsulation, ionic
exchange, cross-linking and covalent bonding. The most
widely used support systems employ agar, alginates, chito-
san. various polymers, polyacrylamide. cellulose, substituted
cellulose, pectin, carbon and alumina (Akgol et al., 2001,
Bahar and Tuncel 2002, D’Souza and Godbole 2002. Rose-
vear 1984, Tanriseven and Dogan 2001 and Tumturk et al.,
2000) as the support material. Glutaraldehyde and polyethyl-
eneimine are among the most popular and effective agents for
immobilizing enzymes on solid supports and loading them on
columns (Avrameas et al., 1969 and Torres et al., 2003).

‘There are different sources of invertase with different
degrees of activity. Invertase has been successfully immobi-
lized in different systems. Grade VII invertase from yeast
having a specific activity of 2000 [U/g is preferred. It is
important to optimize conditions to make a more efficient use
of the enzymatic reactor. The process parameters that should
be mainly considered are operational temperature and pH. A
preferred temperature range is 45-60° C. and a preferred pH
range is 4.5-6.0. Optimum temperature is 50° C. and pH 4.5.
Preferred supports are alumina chitosan and acrylamides hav-
ing the following ranges of characteristics: size 350-590 jum
and specific surface 150-200 m*/g.

With the aim of demonstrating the effectiveness of the
invention three different immobilization supports were
tested: entrapping. adsorption and cross-linking. The adsorp-
tion immobilization technique is the simplest. Optionally, the
invert syrup product can be further concentrated which can be
accomplished by conventional evaporation to at least 68° Brix
and/or further refined, il necessary to remove residual protein,
phenolic and undesirable colored compounds by adsorption
on an anion exchange column with conditions such as
described above and/or on an activated carbon cofumn.

The entire process can be scaled up and automated with
existing automation equipment and instruments. Among the
advantages of the present process are: (i) the ability to operate
in a completely continuous streamlined process from raw
sugar cane extract to invert syrup product; (ii) the ability to
operate using a reduced number of unit operations and/or
more efficient unit operations to accomplish an invert syrup
product. In other words, while in principle it is possible to
obtain refined table sugar, dissolve it in water and load it onto
an immobilized invertase reactor to convert it into invert
syrup, the overall cost of such a process (cost of refining of the
table sugar plus cost of converting it into invert syrup) would
be unfavorabie, in fact prohibitive. Similarly, while it is pos-
sible to add conventional refining steps and to pre-treat the
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sugar cane juice before it enters the solids/solubles removal
operation described herein, such pre-ireatment is nol neces-
sary and its addition must be balanced against the increased
cost of performing it and the benefit derived from it.

Although the present invention has been shown and
described with respect to preferred embodiments. various
changes and modifications, which may become obvious to a
person skilled in the art to which the invention pertains, are
deemed to lie within the spirit and scope of this invention, as
claimed below. All documents cited and listed below have
been incorporated by reference in their entirety (excluding
websitcs).
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TABLE 1 filtered  filtered  Anionic
10 Membrane 10,000 Exchange Invertase
Characteristics of sugarcane juice sequentially purified Raw 02y MWCO Column  Colunn
by microfiltration, ultrafiltration and anionic exchange resins.
n.m. = not measured by an analytical method E 2572 59.54 6185 66.20 a.m.
Hue 789 839 844 98.8 nm.
Sugarcane fuice M
Micro-  Ultra- 15 pH 546 5.49 §.51 5.60 5.60
filtered  filtered  Anionic Ash (%) 0.37 0.31 0.23 0.08 0.26
Membrane 10,000  Exchange Iuvertase Protein 78 7 53 15 0
Raw 020 MWCO Column  Column (ppm)
Phenolics 532.96 436.50 35345 130.85 436
Sucrose Extraction Index 5y (PP
“* Reducing 9.25 8.78 8.68 8.69 nm.
Refractive 8.2 17.7 16.3 16.0 n.m. Sugars (1)
Index Sucrose 202.26 17947 17620 173.41 13.75
Specific 69.3 67.4 61.5 60.3 nm. (gl
Rotation Glucose nam, nm.. n.m. Inm. 79.83
Conductivity 1.56 1.62 1.58 1.50 nim. [E:0))
(milimhos} 25 Fructose nim. n.am. . . 79.83
Pol/Extraction 16.8 16.4 150 150 nm.. (&)
Index
Purity 924 925 922 92.1 nm, *L = lightness;
Color a* (+) = red color;
- a* (-) = green color;
a* 103 3.16 247 -123 nm, 30 b*(+)=yellow;
b* 519 29.17 24,72 7.85 nm. b* (-) = blue;
L 25.18 51.81 56.65 65.73 nm. L {color index) = (1.2 + a2 + b%)!2®
TABLE 2
Characteristics of sugarcane juice sequentially purified by particle
filtration, microfiltration and anionic exchange.
1.m. = not measured by an analytical method
Sugarcane juice
Particle Microfiltered Anionic
filtered Membrane 0.2p Exchange Invertase
Raw  100mesh (Intermediate product) Colunn  Column
Sucrose Extraction Index
Refractive Index 18.2 18.2 182 18.2 nan,
Specific Rotation 69.3 68-69 674 60.3 nam.
Conductivity 1.56 1.56 1.62 1.50 n.am.
(mifinthos)
Pol/Extraction 16.8 16.8 164 15.0 nm.
Index
Purity 924 924 N 925 92.1 nm.
Color
a* 1.03 1-3 6.75 -1.52 0.39
b* 5.19 6-28 2442 14.94 2.1
L 25.18 26-50 41.7 61.17 66.14
E 25.72 26-50 48.79 62.99 66.17
Hue 78.9 8022 73.95 95.84 79.34
Chemical Composition
pli 548 548 549 5.60 5.60
Ash (%) 0.37 .37 031 0.08 026
Protein (ppm) 778 Less than 77 15 50
778
Phenolics (ppm) 53296 Lessthan 436.50 130.85 436
532
Reducing Sugars 9.25 9.10 9.18 9.20
(&)

Sucrosc (g71) 202 195 193 190 19
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TABLE 2-continued

18

Characteristics of sugarcaue juice sequentially purified by particle

filtration, microfiltration and anionic exchange.
n.m. = not measured by an analytical method

Sugarcane juice

Particle Microfiltered Anionic
filtered Membrane 0.2 Exchange Invertase
Raw  100mesh (Intermediate product) Column  Column
Glucose (g/1) n.m. nm. n.m. n.Am. 85.5
Fructose (g/l} nam. nm. n.m. nm. 85.5

YL = lightness;

a* (+) = red color;

a* (=) = green color;

b* (+) = yellow:

b* (=) = blue;

E (color index) = (L2 + a? + b%)!"®®

What we claim is:

1. A method for producing an invert syrup product from
raw sugarcane juice comprising the steps of:

(i) subjecting sugar cane juice (o a filtration process having
at least two {iltration stages. a first stage and a finer stage,
to remove contaminants while substantially retaining
sugars present in the juice and a pasteurization stage to
pasteurize and evaporatively concentrate said sugar
juice by subjecting said sugar juice to a pasteurizing
temperature between about 61.5°C. and about 72° C. for
a time sufficient to pasteurize and simultaneously con-
centrate said sugar cane juice, thereby producing a con-
centrated filtered sugar cane juice;

(ii) subjecting the concentrated filtered sugar cane juice to
anion exchange to remove soluble contaminants from
said concentrated filtered sugar cane juice which were
not removed in the filtration process, thereby praducing
an anion exchange-treated sugar cane juice;

(i) contacting said anion exchange-treated sugarcane
juice with an immobilized invertase enzyme to convert
at least 90% of sucrose contained in said treated juice to
a mixture of glucose and fructose and thereby to produce
said invert syrup product.

2. The method of claim 1 wherein step (ii) is repeated at

least once prior to proceeding to step (iii).

3. The method of claim 2 further comprising the step of:

(iv) concentrating said anion-exchange treated juice prior
to proceeding to step (iit).

4. The method of claim 3 wherein said step (iv) is per-

formed immediately after performing said step (ii) once.

5. The method of claim 1 further comprising the step of:

(iv) concentrating said anion-exchange treated juice prior
to proceeding to step (iii).

6. The method of claim 5 wherein the concentrated anion
exchange-treated juice has a sugar content of about 50° Brix;
prior (o being subjected to said step (iii).

7. The method of claim 1 wherein the sugar cane juice
subjected to said step (i) is raw sugar cane juice not subjected
to any processing steps after its extraction from sugar cane
and belore said step (i).

8. The method of claim 1 wherein the sugarcane juice
subjected to said step (i) has been subjected only to a sedi-
mentation or a centrifugation step after its extraction from
sugar cane to remove coarse solids.

9. The method of claim 1 further comprising the step of:

(iv) further refining the invert syrup product produced in
said step (iii).

20
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10. The method of claim 1 further comprising the step of:

(iv) concentrating the invert syrup product produced in said
step (iii).

11. The method ol ¢laim 1 further comprising the steps of:

(iv) concentrating the invert syrup product produced in said
step (iii); and

(v) further refining the invert syrup product produced in
said step (iii).

12. The method of claim 1 wherein the sugar cane juice
subjected to said step (i) has a sugar content of between about
16 and 23° Brix of which at least 90% is sucrose.

13. The method of claim 12 wherein the invert syrup prod-
uct produced in said step (iii) has a sugar content within the
range of about 50° to about 70° Brix of which at least 90% is
a mixture of fructose and glucose.

14. The method of claim 12 wherein, prior to being sub-
jecled to said step (iii), the anion-exchange (reated juice has a
solids content no higher than about 1%, based on the sugar
content; a phenolic content no higher than about 130 ppm; a
protein content no higher than about 15 ppm: and a minerals
content no higher than about 0.08%, based on the sugar con-
tent.

15. The method of claim 1 wherein said step (ii) a refiux
portion of the anion-exchange treated juice is concenirated
prior to being returned to the anion exchange treatment.

16. The method of claim 1 wherein said step (ii1) is per-
formed under controlled pH and temperature conditions.

17. The method of claim 1 wherein at least one of said sieps
(i) through (iii) is performed as a continuous unit operation.

18. The method of claim 17 wherein all of said steps (i)
through (iii) are performed as continuous unit operations.

19. A methed for producing an invert syrup product from
raw sugarcane juice comprising the steps of:

(a) subjecting sugar cane juice to a first filtration to remove

a first fraction of solid contaminants from said juice
thereby producing a first filtered sugarcanc juice;

(b) subjecting the first filtered sugar cane juice to finer
filtration to remove a second fraction of solid contami-
nants from said first filtered juice and a first fraction of
soluble contaminants from said first filtered juice and
thereby to produce a finer filtered sugarcane juice:

(¢) pasteurizing the finer filtered sugarcane juice by sub-
jecting it to a pasteurizing temperature between about
61.5° C. and about 72° C. for a time sufficient to pas-
teurize and simultancously evaporatively concentrate
said finer filtered sugarcane juice and thereby producing
a concentrated finer filtered sugar cane juice;
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(d) subjecting the concentrated finer filtered sugar cane
juice to anion exchange, to remove a second fraction of
soluble contaminants from said concentrated finer fil-
tered sugar cane juice, thereby producing an anion
exchange-treated sugar cane juice;

{e) contacting said anion exchange-treated sugarcane juice
withan immobilized invertase enzyme to convert at least
90% of sucrose contained in said treated juice to a mix-
ture of glucose and fructose and thereby to produce said
invert syrup product.

20. The method of claim 19 wherein step (d) is repeated at

least once prior to proceeding to step (e).

21. The method of claim 19 further comprising the step of:

(f) concentrating said anion-exchange treated juice prior to
proceeding to step (e).

22. The method of claim 21 wherein the concentrated anion

exchange-treated juice has a sugar content of about 40-50°
Brix; prior to being subjected to said step (e).

23. The method of claim 19 whercin the sugarcanc juice -

subjected to the first filtration in said step (a) has been sub-
jected only to a sedimentation or a centrifugation step after its
extraction from sugar cane to remove coarse solids.

24. The method of claim 19 further comprising the step of:

(f) further refining the invert syrup product produced in

said step (e).
25. The method of claim 19 further comprising the step of:
(f) concentrating the invert syrup product produced in said
step (e).

26. The method of claim 19 wherein the sugar cane juice
subjected to said step (a) has a sugar content of between about
16° and 23° Brix of which at least 90% is sucrose and wherein
the invert syrup product produced in said step (e) has a sugar
content within the range of about 50° to about 70° Brix of
which at least 90% is a mixture of fructose and glucose.

27. The method of claim 26 wherein, prior lo being sub-
jected to said step (e), the anion-exchange treated juice has a
solids content no higher than about 1%, based on the sugar
content: a phenolic content no higher than about 130 ppm; a
protein content no higher than about 15 ppm; and a minerals
content no higher than about 0.08%, based on the sugar con-
tent.

28. The method of claim 19 wherein said step (d) a reflux
portion of the anion-exchange treated juice is concentrated
prior to being returned to the ion exchange treatment.

29. The method of claim 19 wherein said step (e) is per-
formed under controlled pH and temperature conditions.

30. The method of claim 19 wherein at least one of said
steps (a) through (e) is performed as a continuous unit opera-
tion.
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31. The method of claim 19 wherein said first filtration step
(a) comprises passing said juice through a particles filter
having mesh no larger than 100 Mesh US (100 Lyler).

32. The method of claim 31 wherein said finer filtration
step (b) comprises microfiltration.

33. The method of claim 19 wherein said first filtration step
(a) comprises microfiltration.

34. The method of claim 33 wherein said finer filtration
step comprises ultrafiltration having a retentate limit of
10.000 Daltons molecular weight.

35. The method of claim 19 further comprising the step of:

(f) evaporatively concentrating to the range of 35° to 55°
Brix said first filtered sugarcane juice of step (a) prior to
step (b).

36. The method of claim 35 wherein the step (a) comprises

particle filtration and the step (b) comprises microfiltration.

37. The method of claim 19 wherein the step (a) comprises
particle filtration and the step (b) comprises microfiltration.

38. The method of claim 19 wherein the step (a) comprises
particle filtration and the step (b) comprises microfiltration
followed by ultrafiltration.

39. A method for producing an invert syrup product from
raw sugarcane juice comprising the steps of:

(a) subjecting sugar cane juice 1o a first (iltration to remove

a first fraction of solid contaminants from said juice
thereby producing a first filtered sugarcane juice;

(b) evaporatively concentrating the first filtered sugarcane
juice to the range of 35° to 55° Brix at a pasteurizing
temperature between about 61.5° and about 72° C. for a
time sufficient to pasteurize said first filtered sugarcane
juice and thereby producing a concentrated filtered sug-
arcane juice;

(c) subjecting the concentrated filtered sugarcane juice to
fine filtration to remove a second fraction of solid con-
taminants from said concentrated filtered sugarcane
juice and a first fraction of soluble contaminants from
said concentrated filtered sugarcane juice and thereby to
produce a finer filtered sugarcane juice;

(d) passing the finer filtered sugar cane juice through an
anion cxchange column to remove a sccond fraction of
soluble contaminants from said finer filtered sugar cane
juice, thereby producing an anion exchange-treated
sugar cane juice;

(e) contacting said anion exchange-treated sugarcane juice
withan immobilized invertase enzyme to convert at least
90% of sucrose contained in said treated juice to a mix-
ture of glucose and fructose and thereby to produce said
invert syrup product.

* % ok ok ok
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PRODUCTION OF INVERT SYRUP FROM SUGARCANE JUICE USING
IMMOBILIZED INVERTASE

FIELD OF THE INVENTION

This invention relates to a method for converting sugarcane juice or concentrate into

invert (glucose-fructosc) syrup using immobilized invertase,

BACKGROUND OF THE INVENTION

Due to their sweetness and liquid form, invert syrups are widely utilized by different
segments of the food industry such as the soft drink and baking industries. Syrups are
preferred over crystallized sugar because they offer processing advantages. Due to their
sweetness and liquid presentation and similarity with the 42 and 55 (the numbers
designate fructose content as a weight percentage of total sugar content) fructose com
syrups, invert syrups are in high demand for soft drink manufacturing. Currently, refined
sugar represents 60-62% of the total sugar produced in the world from sugar canc and
other non-sugarcane sources of sugar. 19.2 million hectares are planted per year with
sugar cane and other non-sugatcane sources, yielding an average ol 142 million metric
tons of crystallized sugar. In 2002, Mexico was the sixth world producer [FAO 2003}
with approximately 5.2 million tons of raw sugar production. Recently, however, the
industry has come under financial pressurc due to price competition from overseas
manufacturers of glucose and high fructose com syrups as well as other non-sugarcane
sources. Thus, there is a necd 1o develop more efficient processes for refining sugarcane
juice.and for producing invert syrup, which represents a commercially and strategically
attractive product. Furthermore, it would be advantageous to retrofit and modify existing
sugar cane mills, to produce invert syrup efficiently without eliminating the mills' ability

to produce tahle sugar or sucrose.

During the past decades the food and biotechnological industries have increasingly used
immabilized enzymes for various processes. The main advantages of the immobilized
enzyme technology are: lower production costs and improvement in production capacity
due o the ability to recover and re-use the biological catalysts, which are especially

suited for high-yield continuous processes. Furthermore, the immobilized enzyme is

1
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more stable and the product can he essentially free of trace contamination by the

enzyme, which makes it easy to purify the resultant product (Messing 1975, Roscvear
1984).

One of the drawbacks of immobilized enzymes is the possible decrease in their
productive life due (o enzyme inactivation caused by substrate contaminants. Raw
sugarcane juice, in particular, contains significant quantities of invertase inhibitors such
as proteinaceous and other nitrogenous compounds both soluble and insoluble, phenolics,
flavonoids, anthocyanins, waxcs, and minerals (Clarke and Godshall 1988, Donovan
1993).

In a conventional cane sugar refining process, the raw sugarcane juice is normally limed,
deacrated and clarified (removal of suspended solids, usually by sedimentation) and the
resulting semi-refined juice or melter liquor is purified by clarification (carbonation via
addition of lime and carbon dioxide or phosphatation via addition of lime and phosphoric
acid) and decolorization (Clarke and Godshall 1988, Donovan 1993). This conventional
treatment, however, would be inadequate as a preparation for a conversion step using
immobilized invertase. Adding further refining steps prior to conversion would make the
economics of such a process unfavorable or cven prohibitive. Adequate prior purification
of the substrate is important to ensure a more efficient usc of the immobilized invertase
reactor. Onc typc of process, (Donovan et al., U.S. Patent No. 6,406,548; Monclin 1995
U.S. Patent No. 5,468,300) proposes filtering sucrose containing cane juicc through
ultrafiltration, ultracentrifugation and nanofiltration. The resulting juice can be used in
evaporation and crystallization operations to produce crystals of white sugar. Monclin
U.S. Patent No. 5,468,300 describes a method to produce sugar from sugarcane without
using conventional refining processes but wusing instead ultracentrifugation or
ultrafiltration and removal of discolorants through adsorption. Additionally Monclin
employs viscocity maodifiers. South African published patent application
No. ZA200107964 also proposcs the use of microfiltration, ultrafiliration and anion
exchange as refining steps for sugarcane juicc or concentrate prior to its crystallization
into table sugar. But none of these references proposes conversion of the thus refined

sugarcane juice to invert syrup through use of an immobilized invertase reactor.

Enzyme reactors with immobilized invertase are capable of producing invert sugar
solutions. Invertase (beta-D-fructofuranosidase fructohydrolase EC  3.2.2.26)

4
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hydrolyzes sucrose into fructose and glucose. Sucrose may also be converted to glucose

and fructose through acid hydrolysis. Industrial scale proccsses for manufacturing
glucose-fructose solutions from sucrose generally usc acid hydrolysis, which is
expensive, because it can be practiced only in a baich or semi-continuous process.
Furthermore, acid hydrolysis which is conducted at pH 2-3 produces a low-quality
invert syrup containing furfural and other undesirable colored compounds. The use of
refining and sucrose conversion in a continuous process, especially one starting from
raw sugarcane juice and adapted to be practiced on an industrial scale for the production

of invert syrups has not been previously reported.

Numerous methods for preparing immobilized enzymes and using them for other
purposes have been described such as the methods and uses described by Nystrom in
U.S. Patent No. 3,935,068; by Long in U.S. Patent No. 3,935,069, by Amotz et al. in
U.S. Patent No. 3,980,521; by Monsan in U.S. Patent No. 4,405,715; by Morimoto ct
al., in U.S. Patent No. 4,543,330; by Sutthoff in U.S. Patent No. 4,110,164; by Leuba
et al. in U.S. Patent No. 4,918,016; by Harder et al. in U.S. Patent Nos. 5,314,814
and 5,405,764; and by Kasumi et al. (1977) and Tsumura et al. (1978). Messing (1975)
and Rosevear (1984) reported that the catalytic activity of immobilized enzymes is
maintained for longer periods of time compared to enzymes used in solution. But
again, none of these references propose adapting these techniques to a process for
making invert syrup production from sugarcane juice, much less to one practiced on an

industrial scale.

Martinez in U.S. Patent No. 6,013,491 describes methods {or preparing and using yeast
adhered to a fibrous cellulose support for converting sucrose into glucose and fructose
and Ramos Lazcano in U.S. Patent No. 5,270,177 describes a method for the
production of glucose-fructose syrups from sucrose using a recombinant yeast strain.
Some support systems allow regeneration of invertase activily when the columa is

treated with chemical compounds (Torres et al. 2003).
SUMMARY OF THE INVENTION

An object of the present invention is to provide a novel process for making invert

(glucose-fructose) syrups from raw sugarcane juice. A more specific object of the present
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invention is to provide a continnous process for making invert syrups from raw sugarcane

juice, which process can be practiced economically on a large scale.

In a first aspect, the present invention provides a method for producing an invert syrup
product from raw sugar cane juice comprising the steps of:

(a) subjecting sugar cane juice to a first filtration to remove a first fraction of solid
contaminants from said juice thereby producing a first filtered sugarcane juice;

(b) subjecting the first filtered sugar canc juice to finer filtration to remove a second
fraction of solid contaminants from said first filtered juice and a first fraction of soluble
contaminants from said first filtered juice thereby producing a finer filtered sugarcane
juice; .

(c) passing the finer filtered sugar cane juice through an anion exchange column to remove
a second fraction of soluble contaminants from said finer filtered sugar cane juice, thereby
producing an anion exchange-treated sugar cane juice;

(d) contacting said anion exchange-treated sugar cane juice with an immobilized invertase
enzyme to convert at least 50 % of sucrose contained in said treated juice to a mixture of

glucose and fructose thereby producing said invert syrup product.

In a second aspect, the present invention provides a method for producing an invert syrup
product from raw sugar cane juice comprising the steps of:

(i) subjecting sugar cane juice to a filtration process having at least two filtration stages, a
first stage and a finer stage, to remove contaminants while substantially retaining sugars
present in the juicc and a pasteurization stage to pastcurize and evaporatively concentrate
soid sugar juice by subjecting said sugar juice to a pasteurizing temperature between about
61.5°C and about 72°C for & time sufficient to pasteurize and simultaneously concentrate
said sugar cane juice, thereby producing a concentrated filtered sugar cane juice;

(ii) subjecting the concentrated filtered sugar cane juice to anion exchange to remove
soluble contaminants from said concentrated filtered sugar cane juice which were not
renioved in the filtration process, thereby producing an anion exchange-ti¢ated sugar cane
Jjuice;

(iii) contacting said anion exchange-treated sugar cane juice with an immobilized invertase
enzyme to convert at least 90% of sucrose contained in said treated juice to a mixture of

glucose and fructose and thereby to produce said invert syrup product.

COMS 1D No: ARCS-313914  Received by IP Australia: Time (H:m) 12:18 Date {Y-M-d) 2011-03-17

8-




17 Mar 2011

2004276578

17-83-11 12:84 FROM-DCC SYDNEY +61292621080 T-456 P0@@8/8826 F-338

25

30

€ NRFOdOOC MOT 1153t DOC-He320n

In a third aspect, the present invention provides a method for producing an invert
syrup product from raw sugar cane juice comprising the steps of:

(2) subjecting sugar cane juice to a first filtration to remove a first fraction of solid
contaminants from said juicc thereby producing a first filiered sugar cane juice;

(b) subjecting the first filtered sugar cane juice to finer filiration to remove a
second fraction of solid contaminants from said first filtered juice and a first fraction of
soluble contaminants from said first filtered juice, thereby producing a finer filtered sugar
cane juice;

(c) pasteurizing the finer filtered sugar cane juice by subjecting it to a pasteurizing
temperature between about 61.5° C and about 72° C for a time sufficient to pasteurize and
simultaneously evaporatively concentrate said finer filtered sugar cane juice, thereby
producing a concentrated finer filtered sugar cane juice;

(d) subjecting the concentrated finer filtered sugar cane juice to anion exchange, to
remove a sccond fraction of soluble contaminants from said concentrated finer filtered
sugar cane juice, thereby producing an anion exchange-treated sugar cane juice;

(€) contacting said anion exchange-treated sugar cane juice with an immobilized
invertase enzyme to convert at least 90% of sucrose contained in said treated juice to a

mixture of glucose and fructose thereby producing said invert syrup product.

In a fourth aspéct, the present invention provides 4 method for producing an inverr
syrup product from raw sugar cane juice comprising the steps of:

(a) subjecting sugar cane juice to a first filtration to remove a first fraction of solid
contaminants from said jnice thereby producing a first filtered sugar cane juice;

(b) evaporatively concentrating the first filtered sugar cane juice to the range of 35°
to 55° Brix at a pasteurizing temperature between about 61.5°C and about 72° C for a time
sufficient to pasteurize said first filtered sugarcane juice thereby producing a concentrated
filtered sugar cane juice;

(¢) subjecting the concestrated filtered sugar cane juice to finer filtration to remove
a second fraction of solid contaminants from said concentrated filtered sugar cane juice
and a first fraction of soluble contaminants from said concentrated filtered sugar cane juice
thereby producing a finer filtered sugar cane juice;

(d) passing the finer filtered sugar cane juice through an anion exchange column 1o
remove a second fraction of soluble contaminants from gaid finer filtered sugar cane juice,

thereby producing an anion exchange-treated sugar cane juice;

4a
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(¢) contacting said anion exchange-treated sugar cane juice with an immobilized
invertase enzyme to convert at least 90% of sucrose contained in said treated juice to a

mixture of glucose and fructose thereby producing said invert syrup product.

Raw sugarcane juice without need for prior conventional treatments (such as one or more
of liming, deacration, and clarification through carbonation or phosphatation or
sedimentation) is first preferably refined (o remove solids as well as soluble materials,
which can foul up the enzyme or otherwise reduce the performance and efficiency of a

reactor containing a bed of immobilized enzyme.

These purification steps can preferably be performed using a combination of (i) at least
two filtration stages and (ji) an anionic cxchange, all in a continuous unit operation. The
juice can then be bioenzymatically converted to invert syrup in & column containing a bed
of immobilized invertase. The filiration stages can include a combination of coarser
filtration (e.g., particle filiration) and finer filtration (e.g, microfiltration), or a
combination of microfiltration (coarser) and ultrafiltration (finer), or all three, or one or
two of them in combination with yet another filtration step. The only constraint is that the
coarser filter should be used first and that no filtration step should employ a filter so fine
that it would retain sugar molecules (such as fructose or glucose or sucrose) that are the
desired constituents or precursors of constituents of the final product. Thus, no filtration
step should retain substances having a m. w. of 400 or less (corresponding to a size of
about 0.003 pm). Preferably the two-stage filtration step should rctain substances having a
m. w. of 4000 or even higher, ¢.g., 10,000 Da, thus making it possible to use less stungent
membrane technologies and less expensive filtration systems. There should preferably be a
pasteurizing step especially when ultrafiltration is not employed. Pastcurizing may be
optionally practiced even when ulirafilzetion is employed. Whether pasteurization is
needed or not also depends on the time delay between juice extraction and completion of

the two-stage filtration step. Preferably pasteurization is combined with concentration.

It is advantageous for the present process that the refined sugarcane juice be partialiy
concentrated (preferably up to about 50-55° Brix) before entering the enzymatic
conversion stage. This means that there can be a concentration step immediately before the
enzymatic conversion or earlier in the process, e.g., simultaneously with the anion
exchange step or between two such steps {e.g., by concentrating all or some of a reflux
portion of the output of the anion exchange step) or prior to anion exchange (at the end of

4b
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all filtration) or befare completion of filtration (between an earlier and a later filtration

step). The concentration step can be advantageously combined with a pasteurizing step.

Further preferred is to re-subject the partially concentrated (or unconcentrated) filtered
juice lo another anion exchange purification stage prior to the enzymatic conversion
stage, or a reflux portion of the refined juice can be concentrated (or further concentrated)

before being redirected to the anion-exchange stage.

Starting material for the present invention is preferably raw (i.e., freshly extracted
without processing) sugar cane juice obtained after pressing the sugarcane. This is
converted to invert syrup using an immobilized invertase enzyme, preferably in a totally
continuous process. The sugarcane juice is refined prior to conversion to remove solids
and substances (both soluble and insoluble) that would inhibit, or otherwise inactivate, or
impede the performance of the bioenzymatic conversion step. Conveniently, a first
fraction of solid contaminants can be removed by a filtering process practiced in at feast
two stages such as particlc filtration or microfiltration. A second fraction of solid
contaminants and a first fraction of soluble contaminants can be removed by a second
filtering technique such as microfiltration (or ultrafiltration). Most preferably, both
microfiltration and ultrafiltration are employed, in fact in that order, optionally further in
combination with an ordinary particle filiration step that would be performed first.
Thereafler, a column packed with an anionic exchange resin may be used to remove

additional soluble contaminants.

In a typical preferred embodiment, the sugarcane juice has a sugar content of 15-23° Brix
afler extraction from sugarcane. 92-96% of the sugar content of sugarcane as extracted is
sucrose. In tumn, sugar represents 75-92% of the solids content of the sugarcane juice.
Sugarcane juice is passed at least once through a microfiltration unit equipped with a 0.2
pm membrane and an ultrafiltration unit equipped with a membrane with a molecular
weight cut off of 10,000 daltons. The microfiitration and ultrafiltration steps also remove
many microorganisms, leaving the juice with a decreased microbial load. These
purification steps are selected for their ability to remove contaminants, while minimizing
loss of sugar. The resulting ultrafiltered (semi-purificd) sugarcane juice is passed at least
once through a column packed with an anionic exchange resin that has strong affinity for

phenolic and nitrogenous confaminants, such as Diaion WA 30 (Sigma Aldrich St Louis
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Missouri) resin. These purification steps are selected 1o remove contaminants, but not

sugar.

in an alternative preferred embodiment the raw sugar cane juice is first filtered using a
particle filter (sieve) passing panticles no larger than 250 microns or even a 100 mesh to
thus remove those solid particles. (A HONIRON (Jeanerette, Louisiana) Self Cleaning
Rotary Screen may be used for this purpose.) The juice emerging from this stage is
preferably pasteurized, and preferably simultaneously partially concentrated, ¢.g., to 40-
50° Brix, and then finc-filtered through at least one finer filter, preferably a
microfiltration membrane device. The juicc emerging from microfiltration is subjected to
anion cxchange. An advantage of this embodiment is that a relativcly expensive step,
ultrafiltration, is replaced by a relatively inexpensive set of steps, particle filtration
preferably combined with pasteurization, the latter to reduce the microbial load since
(unlike ultrafiltration) ordinary filtration does not remove bacteria or other

Microorganisms.

At this point, the refined sugarcane juice can be partially or further concentrated if a
concentration step has been performed eatlier (up to about 50-55° Brix). The finished
invert syrup product should be 68° Brix or mare (typically up to aboul 70°) to discourage
development of microorganisms and to reduce transport costs. The sugar cane juice after
the filtration steps and preferably after one pass through an anion exchange columin can
be concentrated up to 70° Brix (preferably to about 50-55° Brix) using conventional
cvaporators such as the ones commonly employed in the sugarcanc or syrup industries
while still being susceptible to.puriﬁcation by an anion exchange column. The treated
sugarcane juice can preferably be further refined (e.g., through onc or more additional
anion exchange columns) before passing through a packed bed reactor with immobilized
invertase. During evaporation, all contaminants are concentrated so, if desired, the
concentrate can be advantageously passed once or several more times through the same
or a different anionic resin column. Several beneh scale tests show that this additional,
post-concentration anion exchange refining step further lowered 42% of the residual
phenolics and 24% of the residual proteins respectively in a sugarcane juice concentrated
to 50-55° Brix aftet one pass through an anion exchange column, and then re-subjected to
a second anion exchange step. This additional step produces syrups with lighter color
and further prolongs the immobilized enzyme half-life in the conversion reactor.

Alternatively, or in addition to muitiple anion exchange steps, a reflux portion of the
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anion exchange treated juice can be concentrated prior to returning it to the anion-

exchange column,

Prior to entering the enzymatic hydrolysis column, the anion exchange treated optionally

concentrated sugar cane juice preferably has the following values:

sugar content: 15-25° Brix, if not concentrated, and up to about 50° Brix if concentrated;
sucrose content; 92-96% by waight of the total sugar content;

residual (dissolved) non-sngar solids content: less than 1% by weight;

residual (dissolved) phenolics compounds content: 53.24 ppm;

residual mineral content; 0.08% or less by weight,

It is believed that the process of the invention also greatly reduces the flavonoids,

anthocyanins and waxes content of the sugarcane juice.

The reactor conditions and flow rate can be adjusted to achieve conversions exceeding
90%. It is important to obtain at least 90% conversions, otherwise residual sucrose can
crystallize and degrade syrup quality. Invertase works optimally at pH 4.5 to 6.0 and a
temperature of 45 to 60°C, so it is preferred that the conversion siep be performed under
temperature and pH control. The resulting invert syrup can be optionally further
concentrated using conventional cvaporators (typically to about 70° Brix), pH adjusted (to
within the range 4.0 to 5.0} or further refined using an anionic column such as that
described above or another adsorption means such as a system employing activated carbon
by way of illustration, Conceniration, which leads to a reduced volume and increased Brix
content has the effect of discouraging development of microorganisms and reducing
transport costs. The additional post-conversion treatment will remove residual protein and

remaining undesirable colored compounds,

Disclosed herein is an apparatus comprising equipment for performing the foregoing
continuous unit operations namely a microfiltration unit, an ultrafiltration unit connected
in-series to and downstream from the microfiltration unit for receiving the microfiltered

juice and producing ultrafiltered juice, an anion-exchange
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column with or without reflux capability (the retlux stream exiung the column optionally

connected as input to a concentration stage and the outpul being returned to the columny),
an anion-exchange column receiving ultrafiltered juice and producing anion-exchange
treated sugarcane juice and a column reactor containing invertase mounted on a solid

support.

Advantages of the present invention include without limitation the ability to effect the
conversion to invert syrup efficiently and continuously using a process rcadily adapted to
commercial scale, and the ability to extend enzyme life and uninterrupted column reactor

operation and thus to improve process efficicncy.

Additional objectives, features and advantages of the invention will be more readily

understood from the dctailed description befow.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a flow diagram of a process for making invert syrup according to the prescnt

invention.

FIG. 2 is a flow diagram of another proccss for making invert syrup according to the

prescnt invention.

FIG. 3 is a plot of the remaining activity of native and modified invertase plotted against

incubation time.

FIG. 4 is a plot of the modified invertase (2U/ml) recovered by use of different dialysis

membranes.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment, the present invention is directed to a novel process for invert syrup
production utilizing raw sugarcane juice obtained via conventional extraction processcs.
The invention comprises a first stage, (putification and optional partial concentration of
the raw sugarcane juice) and a second stage (cnzymatic conversion of the refined
sugarcanc juice using immobilized invertase and optional further concentration of the

resulting invert syrup as illustrated in FIG. 1). Afler obtaining the raw sugarcane juice by
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traditional extraction procedures (mashing, treatment with lime and/or other conventional

refining steps to remove coarse solids, thereby improving clarity and to remove color can
be and are preferably omitted except possibly for a sedimentation step to remove coarse
solids), the juice is filtered and anion exchange purified in preparation for the conversion

step. Additional refining steps can follow the conversion step.

The sugarcane juice undergoes solid removal operations, such as microfiltration and
ultrafiltration or particle filtration and microfiltration with the aim of removing fine
insoluble contaminants and a significant first fraction of soluble contaminants. A
microfiltration unit equipped with 0.2 pm diameter filtration membrane serially foliowed
by an ultrafiltration unit equipped with a membranc to scparale contaminants with
molecular weights higher than 10,000 daltons (which corrcsponds lo sizes higher than
0.005 um) are particularly preferred. Lower molecular weight cutoffs are acceptable, as
described supra, as long as they do not cause the relention of sugar molecules nor lead to
unnecessarily increased equipment and process costs. (As used herein, “substantially
retaining sugars contained in the sugar cane juice means retaining at least 85% and
preferably at least 90% of the original sugar content of the juicc.) These two separation
techniques practiced in series significantly reduce (typically by more than 90%) the
original raw sugarcane juice insoluble protein content as detcrmined with the Biuret
technique (Gornall et al, 1949). Allematively, a combination of particle filtration using a
filter passing, ¢.g., 100 mesh followed by microfiltration as described immediately above
can be practiced. Preferably, the juice will be pasteurized and optionally simultaneously
concentrated to, e.g., 35-50° Brix between the first and second filtration step. The
pasteurization step is of greater benefit in embodiments where ulirafiltration is not

employed.

Each of these process steps can be performed more than once, yielding still better solids
removal. However, even after such sophisticated solids depletion techniques, the
sugarcane juice product will still contain soluble components that adversely affect
invertase and/or reactor performance. For this reason, the partially rcfined sugarcane juice
is further subjected to an anion-cxchange step for reducing undesirable soluble
components. A wide variely of anion exchange materials can be used: epg.,
diethylaminoethy! ccllulose, styrene, acrylic and agarose, Agarose is preferred from the
point of view of cost; cellulose is preferred as providing both good performance and low

cost.
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Removal of undesirable soluble components can be preferably accomplished through an

anionic exchange column that posscsses a strong affinity for phenolics and nitrogenous
compounds. This anion exchange step proved to be highly efficient to clarify the juice
and to remove further undesirable compounds in preparation for the enzymatic

conversion.

Pasteurization can be carried out at a temperature as low as 61.5°C or at a higher
temperature, €.g., 72°C. Care should be taken not to affect quality of the invert syrup
adversely, so after conversion lower concentration and pasteurization temperatures should

be used.
EXAMPLE 1

With particular reference to Fig. 1, sugarcane was extracted using conventional
techniques in extraction stage 1. The raw extract 101 (characteristics shown in Table 1)
at a Nowrate of 12.0L/hr was passed through a Quick Stan Benchtop system containing a
microfiltration unit (2 in Fig. 1) manufacturcd by A/G Technology model no, QSM-
04SAP cquipped with a 0.2um filtration membranc under 8 max 30 psi pressure drop
conditions to yiefd a microfiltered sugarcane juice 201 having characteristics iflustrated in
the second column of Table 1. The contaminants 202 were mostly proteins, peptides,
phenolics and other colored compounds. Microfiltered juice 201 was then subjected to
ultrafiltration using a unit manufactured by A/G Technology, model no. QSM-04SAP (3
in Fig. 1) under a max 30 psi pressure drop conditions to yield ultrafiltered sugarcane
juice 301, The contaminants 302 were mostly proteins, peptides, phenolics and other
colored compounds. The ultrafiltered juice 301 was then subjected to anion exchange
column (4 in Fig. 1) under pH 5.5 conditions using a glass column, a weak anionic
exchange resin (Diaion WA 30) commercislly available from Sigma Aldrich (St. Louis
Missouri). The resin had an average particle size of 16-50 um, it was a porous resin
activated with atkylamine and had a capacity of 1.5 meg/ml (Supelco). The resin was
previously treated with a 0.05 M sodium phosphate solution adjusted to pH 5. The glass
column used to pack the resin had a 30 cm length and an internal diameter of 2.5 cm. The
15 cm long packed resin bed was treated with a sodiur acetale buffer until the pH of the
exiting solution was 4.5. The ultrafiltered sugarcane juice was passed once through the
column. Tn this step, approximately 50% of the phenolic compounds were removed, as

estimated with the Folin Ciocaltcau analytical procedurc (Swain and Hillis 1959).

10
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The anion exchange treated sugarcane juice 401 had the characteristics set forth in the

column of Table 1.

At this point, the entire stream 401 can be concentrated in concentration stage (5 in Fig.
1) and passed through the same anion-cxchange column, or & reflux portion of it, stream
401A can be concentrated, prior to retuming it through the same column (stream 501 in
Fig. 1) which might be returned to the column at an intermedian puint depending on the
impurity content of the concentrated reflux stream. Altematively, stream 401, can be
concentrated and passed through a second anion-cxchange column (not shown).
Redirecting the concentrate 501 through anion exchange column 4 (or passing it through
another anion-exchange column) removes addilional soluble contaminants resulting in a
further purified stream (not scparatcly shown in Fig. 1). Stream 401 then becomes the

feed to the column reactor (6 in Fig. 1).
EXAMPLE 2

Invertase (Grade VII, Catalog number | 4504, Sigma Aldrich, St, Louis, Missouri) was
immobilized by simple adsorption on chitosan beads (Chitopearl BCW 3505, Wako
Chemicals USA, Inc.). The bead size was 350-390 pm and had an ionic exchange
capacity of 0.2 —0.3 meg/m! with a specific surface of 150-200 m%g. The chitosan beads
were washed three times with distilled water and a 0.02 M sodium acetate solution (pH
4.5). The invertase was added to (he chitosan beads at approximately 2,000 enzymatic
units/g beads and the resulting suspension was kept under agitation for 60 min at room
temperature. The solution was filtcred and the chitosan beads containing the immobitized

invertase were washed once with a 0.02 M sodium acetate solution (pH 4.5).

The enzyme material immobilized on chitosan beads was used to pack a 20 cm long
jacketed column (Type XK-16 Pharmacia) with an intcmal diameter of 16 mm. The
length of the immobilized enzyme support system was adjusted to 120 mm. Zirconium
beads were placed on top and bottom of the column. Zirconium was used as an inert
material simply to avoid column support losses. In commercial operations special mesh
trays are used instead of zirconium or other inert materials. The column was equilibrated
to a temperature ~of 50°C by running heated water through the cotumn jacket. The refined
sugarcane concentrate 401 with 50-55° Brix was pumped through the column at a flow

rate adjusted to cause a residence time of 10 min, The amount of sugars in the substrate

1
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and product was determined with the dinitrosalicilate acid colorimetric method and by

high performance liquid chromatography equipped with a refractive index detector.
Under these conditions more than 95% of the sucrose was converted to glucose and
fructose (invert syrup). The glucose to fructose ratio in product stream was 1:1. The
remaining characteristics of product stream 601 are also set forth in Table 1. Finally the
invert syrup product 601 was concentrated to 68-70° Brix in evaporator 7 and optionally
further refined to meet specifications demanded by the industry. These final adjustments
can be performed using conventional unit operations and refining techniques such as the

use of adsorption‘column packed with an aclivaled carbon filter to improve syrup color.
EXAMPLE 3

This Example is a batch wise simulation of a continuous process of an alternative
preferred embodiment of the present invention, With particular reference to Fig. 2,
sugarcane was cxtracted using conventional techniques in extraction stage 21. In first
filtration stage 22, the raw extract 1001 having characteristics as shown in Table 2 was
first passed through a sieve No. 100 (100 mesh) at ambient pressure. Relatively coarse
solid contaminants 2002 were collected by the filter and discarded. The first-filtered
juice 2001 is first pasteurized in step 23 at 61.5°C for 0.5 hours (or at a higher
temperature, e.g., 72°C for a shorter time, .z, 15 sec.)and at the same time evaporatively
concentrated to 50° Brix. The pasteurized/concentrated juice 3001 was passed through
microfiltration cartridge 24 (2800 cm?, CFP-2E-6A made by Amcrsham Biosciences
Buckinghamshire, UK) and having a membrane with a pore diameter of 0.2 pm equipped
with a pump (E-trac WFCHT made by Inverter), operated at a pressurc of 13 psi to
remove fine solid particles (fine ashes, colored compounds) as well as to reduce yeast and
bacterial load, and high molecular weight proteins (about m.w. > 100kD ) which are
discarded (4001).

Periodically, after 6-8 hours of use the microfilitration unit was regenerated by washing it
twice with 0.2 M NaOH at 50°C. The NaOH needed to be washed off 3 tintes) with

waler or neutralized with 1IN HCL.

The microfiltered juice, fine-filtered stream 4002, represents the two-stage filtered

intermediate product. The characteristics of this intermediate product are shown in Table

12
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2. The intermediate product still had an undesirable dark brown color, which indicated

the presence of phenolics and other colored compounds.

The intermediate product 4002 was then subjected to anion exchange in step 25: it was
fed at the top of a 500 mi column (450 ml work volume) equipped with Whatman DES2
anion-exchange resin microgranular, with 4 capacity of 0.88-1.08 meq/g (Whatman, New
York, USA). Sodium phosphate buffer was used to equilibrate the column to a pH of §

prior to feeding intermediate product 4002.

The anion-exchanged product 5001 emerging from the column had the characteristics
shown in Table 2. The contaminants removed 5002 included phenolic acids and other
colored compounds, leaving a pate yellow clear product 5001, Thesc steps also would
have lowered the content of invertase inhibiting nitrogenous compounds but

measurements were not madc in this Example.

The anion exchanged product 5001 was then subjected to enzymatic hydrolysis in step 27
using a column in which invertase (Maxivert L10000 from Saccharomyces cereviciae
with an activity of 10,000 U/m), DSM, France) was immobilized onto Chitopearls™ used
as a support. Loading of the support with enzyme was accomplished as described in
Example 4. ’

The column was maintained at 60°C, pH § and the conversion to invert syrup took place
as the anion-exchanged product moved through the column. Chitopearls™ were chosen
among other supports in part for their cfficicncy, Jow cost and low operating cost and in
part because they have some ion-exchange capability which further improved the color of

the syrup. A colorless liquid 7001 cmerged from the catalytic column,

After the invertase was spent (due to microbial growth as a result of intermittent use
totaling approximalely 7 days) the support was washed with IN NaOH to clutc the
invertase, washed three times with distilled walcr and loaded with fresh enzyme as
described above. The support has a long uscful life and can be cleaned, loaded with fresh
enzyme and reused several times before it has to be replaced. Restricting the bacterial

growth would extend the days of operation of the invertase.

The invert syrup cmerging from the catalytic column had the characteristics given in
Table 2.

13
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The invert syrup may be concentrated to 68-70° Brix after the enzymatic conversion.

Post-conversion concentralion may be effected in a vacuum evaporator at 60°C in order

1o avoid color formation of the invert syrup causcd by the effect of higher temperatures.

Preconversion concentration will yield a product having 40-50° Brix immediately bcfore
conversion (this can be done using a portion or all of the anion exchange column product
as illustrated in Fig. 2, stream 5001A into step 26 and concentrated stream 5002 back into
the top or an intermediate point not shown of step 25). The various locations of
concentrating stages in the process have different advantages and disadvantages.
Preconversion concentration allows working with reduced volumes and decreases the rate
of growth of microorganisms due lo high concentration of solutes; however, the increased
viscosity of the solution will allect negatively the performance of the microfiltration

membranes (and ultrafiliration, if any) by causing an increased pressure drop.

EXAMPLE 4: ENZYMFE IMMOBILIZATION

A 2500 U/mL invertase (Maxinvert 110,000, DSM, France) solution in 50 mM
phosphate buffer pH 5 was modified according to the protocol reported by Hsieh
(2000). 30 mg of invertase (412 U/mg) were dissolved in 29 ml of 50 mM phosphate
buffer, pH 5.0 were mixed with 1 ml of 30 mM sodium periodate for 3 h at 4°C in the
dark. Unreacted sodium periodate was removed by adding 0.2 ml ethylepe glycol and
mixing for 30 min. Resultant periodate-oxidized invertase was dialyzed against 50 mM
phosphate buffer, pH 6.0. Figure 3 (a plot of the remaining activity at 55°C in 1M
sucrose pH 6 of native and modified invertase (2U/ml) previously incubated at the same
temperature plotted against incubation time) shows that the modified invertase has a
higher activity than the native enzyme and that the modification step increased the
useful life of the enzyme. For example, the native enzyme lost 75% ol its initial activity

in 6 hours, whereas the modified enzyme took around 27 hours.

During the modification process, dialysis was used to eliminate the reactants needed for
the modification (sodium periodate and etliylene glycol). Dialysis might be carried out
using a 10 kDa molecular weight cutoff membrane (a higher m.w. cutoff membrane could
be used, ¢.g, in cxcess of 25 kDa). Results shown in Figure 4 (a plot of the activity at
55°Cin 1M sucrc.)sc solution at pH 6 of modificd invertasc (2U/ml) recovered by different
dialysis membrancs having a molecular weight cutoff of 10 kDa, 15 kDa, and 25 kDa

14
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demonstrate that the activity of the modified enzyme 1s not intluenced by the type of

dialysis membrane.

Further experiments were performed using the modified enzyme to select the most
convenient support for immobilization, Alumina, Sephabcads® and Chitopearls™ were
used for this purpose. Chitosan becads were selected as support for enzyme
immohilization since they are ¢asy to prepare, thoir use is cheaper and their preparation
faster than the other commonly used supports. Moreover, chitosan beads had a much
tonger useful life and used up less enzyme so the immobilization process was efficient.
Lastly, as pointed out in Example 3, this support has some ion-exchange ability which

further improves the clear color of the produced syrup.

Prior to immobilization, Chitopearls™ BCW 3505 (Fuji Spinning Co., Ltd, Japan) were
washed three times with distilied water. Water excess was decanted and 40g (50 ml) of
Chitopearls™ were packed inside a 30 cm long and 1.5 cm intemal diameter glass
column (50 ml work volume) equipped with temperature jacket and mesk-and-cloth
permeable caps in both ends of the column. Modified invertase was immobilized by
simple absorption, i.e., passing the enzyme solution through the column to achieve a
concentration of 1000-3000 TU/g. Before use, 50 mM NaH;PO4, pH 5 buffer was passed
through the column unti! the exiting solution had a pH of 5. Operation temperature was
fixed at 60°C. The immobilized enzyme was used to convert test solutions (sucrosc in
water containing 34-50% sucrose) to invert syrup. The conversion rate was high, staring
at 100%. Aficr 3 days of continuous operation, the conversion was still higher than 80%.
Additionally, due to the ion-exchange properties of the Chitopearls™, the resulting invert
syrup was almost crystal clear (L=66.14, a*~ 0.39, b*=2.11). No substantial difference in
pressure drop was abserved when increasing sugar concentration since the size and form
of Chitopcarls™ allows an easy flow through lhe column, indicating that morc
concentrated juice could be used. At this scale the flow was fixed in the range of 5-12

ml/min.

EXAMPLE 5. EFFECT OF ION EXCHANGE ON DECOLORATION

Microfiltered sugarcane juice was passed through a weak anionic cxchange resin
(Whatman DES2 pre-swollen microgranular anion exchange resin Whatman, New York,

USA) in order to remove phenolic compounds and proteins.
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Prior to use, the Whatman DE52 pre-swollen microgranular anion exchange resin was

activated by adding 50 mM NaH;PO,, pH § buffer until achieving complete hydration.
Once the resin was hydrated and ready to use, 40 g of it were packed inside a 15 cm long
and 2 cm internal diameter plastic column (50 ml work volume) equipped with a bottom
filter. Microfiltered sugarcane juice flow (downward) was fixed at 8 ml/min using a
peristaltic pump. Colored compounds of 2 L of microfiltered sugarcane juice were
removed using 40g of resin, yielding a light yellowish translucent liquid. Color
parameters were mcasured with a Minolta colorimeter using a white standard as
background and a D65 light source. CIELa*b* parameters (color space coordinates)
indicate a more luminous color of the sample after ion exchange, changing L values from
34.02 to 63.72. The reddish coloration also decreased with a change from +3.92 t0 -2.85
of the a* values. This column was regenerated using 2 bed volumes (100 ml) of 1 N
NuOH solution followed by 2 bed volumes of demineralized water and 2 bed volumes of
NaH2P0O4 50 mM, pH 5 buffer. Residual NaOH (100 ml, 1.0 N) was eliminated by

neutralization with HCl 1 N,

EXAMPLE 6; SCCROSE CONVERSION AT PILOT PLANT SCALE.

Invertase was immobilized in Chitopearls™ as described in Example 2 and packed in a
70-cm long and 7-cm internal diameter (2700 ml work volume) glass column equipped
with heat exchange jacket and with permeable caps in both ends of the column. Before
use, 50 mM NaH,PO,, pH § buffer was passed through the column until the exiting
solution had a pH of 5. Operation temperature was fixed at 60°C using hot water. Initial
juice out was diverted until stable. The system was tested first with a 32° Brix sucrosc
solution at 9.6 L/h using a centrifuge pump (Fasco, Model 71632363). With a residence
time of 14 seconds, the average total conversion was 96.0%. Concentration of fructose
and glucose in the invert syrup was determined with the colorimetric method of
dinitrosalicilic acid (DNS) reported by Miller (1959). G.L., Anal Chem., 1959, 31: 426-
428.

EXAMPLE 7: PRODUCTION OF INVERTED SYRUP FROM SUGARCANE

JUICE AT PILOT PLANT SCALE WITHOUT PASTEURIZATION OR
ULTRAFILTRATION.

Sugarcane juice was extracted using the conventional technique, which consists in
mashing the sugarcane with a mechanical crusher. Raw sugarcane juice was passed
manually as requived during the tests in lots of 2 L through a sieve No. 100 (Tyler

equivalent 100) in order to remove coarse solid particles that could affect further process
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stages. Solids (including ashes, stones and organic matenals) were retained by the sieve

while prefiltered sugarcane juice passed through it and wus collected in reservoir tanks
for further processing, This Example is also illustrated in Fig. 2 but no pasteurization nor
optional concentration was performed (no step 22). The reference numbers to various
streams in this Example 7 do not imply that the streams would have the characterization

given in Table 2 for a different experiment.

First-filtered sugarcane juice was then finer filtered through a microfiltration membrane
(Amersham Biosciences, CFP-2-E-6A) equipped with a pump (E-Trac WFCHT AC
Inverter). The unit consisted of a 2800 cm’ microfiltration membrane of 0.2 ym. Entrance
and exit pressures were maintained at 13 and O psi, respectively and the pump speed
maintained at 200 RPM. Under these conditions, the flow rate through the cartridge was
900 L/h, while the retained sugarcane juice (4001) bad a flow of 895.2 Lth, which was
recycled to the reservoir tank from which the sugarcane juice was taken. Microfiltered
sugarcane juice (4002) had an average flow of 4.8L/h and was collected in reservoir tanks
for further processing. After use, the membrane needed to be washed with 20 L of NaOH
0.2 N at 50°C in order to remove all solids attached to the surface and for sanitization.
Residual NaOH (20, 0.2 N) was eliminated by neutralization with 4 L of t NHCL. The
microfiltration equipment did not have sufficient capacity, and a larger unit should have

been used. But this is a matter of optimization, within the skills of the art.

Microfiltered sugarcane juice (4002) passed downwardly through a 70 em long and 7 cm
internal diameter glass column packed with Whatman DES2 resin (1350 cc work volume)
previously treated as described in Example 5. Microfiltered juice (4002) was pumped by
the action of a peristaltic pump (Stenner 170DMS) at an average flow rate of 1.1 Lér,
yielding a light yellowish translucent liquid (5001) at the exit of the unit that was
collected in reservoir tanks for further processing. Colorimetric changes in sugarcane
juice were determined using the CIELa*b* scale (Minolta colorimeter), yielding the
following parameters: from L* 41.7, a* +6.75, h* +24.42 in the inlet sugarcanc juice to
L* 61.17, a* -1.52, b* +14.94 in the outlet.

Operation time depended on the phenolic content of the sugarcane and downward
compression of the column caused by the resin due to the differential pressure drop of the
juice flow from top to bottom. This indicates the need to optimize the type of resin,
possibly switching to a more efficient one: candidates are Dowex 66 by Sigma Aldrich,

St. Louis, Missouri, U.S.A. or even Chitopearls™, employed in the conversion step,

17

21-




20

25

30

WO 2003/031006 PCT/1B2004/003163
which have considerable ion exchange capacity and which are likely to withstand the

column pressure better. The average operation time using the conditions described herein
was 5 hours, higher operation times yielded product with higher quantities of phenolic
compounds due to progressive loss of the resin exchange capacily, affecting optical
properlies. Several anionic colwnns may be used in order to operate in a semi-continuous
basis, switching from one to the other once saturation of the resin is reached. Saturation
of the resin may be determined indirectly by measuring the CIELa*b* parameters in the
outflow. After the resin has lost most of its ion cxchange capabilily due to saturation with

phenolic compounds it is regenerated with NaOH 1.0 N as described in Example 3.

Ton exchange ircated sugarcane juice (5001) was passed through the enzymatic
conversion column (27) described in Example 6. The ion exchange treated sugarcane
juice actually flowed upwardly by the action of an adjustable flow centrifuge pump
(Fasco, Model 71632363). When the sugarcane juice flow through the column was fixed
at 12 L/h (with residence time of 10.5 seconds), the average total conversion was 89.7 %,
and when it was fixed at 6 L/h (with residence time of 21 seconds), the average total
conversion was Y8.0 %. Invert syrup was collected in rescrvoir tanks for further

processing.

After conversion, inverted syrup (7001) may be concentrated using an evaporator
equipped with a vacuum pump. The evaporator would be charged with 20° Brix invert
syrup until the operational volume is reached. Afer loading, the batch evaporator is
closed and turned on. The evaporator would be set to operate at an average temperature of
55°C and a pressure of -0.9 bars thal would be reached in a time period according to the
characteristics of the evaporator. Invert syrup inlet flow should be adjusted automatically
by the evaporator control system at the same time that condensed water exits at its rated
flow. Inverted syrup in the evaporator would be concentrated until it reached 70° Brix.
Sugar concentration (*Brix) would be determined with a refractometer (such as SPER
SCIENTIFIC, 0% - 80%).

In its embodiment, the invention comprises the step of converting sugarcanc
juice/concentrate (prefcrably previously contaminant-depleted, as outlined above, using at

least a two-stage filtration that combinedly eliminates contaminants larger than 0.2pm
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and preferably even those larger than 0.005um) using immobtiized nvertase, placed 1h a

packed bed reactor (fixed, moving or fluidized). There are several reports (Akgol et al.,
2001, Bahar and Tuncel 2002, D'Souza and Godbole 2002, Tantiseven and Dogan 2001,
Tumturk et al., 2000 and Torres et al., 2003) that show different ways to immabilize
invertase on different supports. Any of the foregoing in principle can bc uscd subject to
cost constraints. Additional invertase immobilization techniques and supports are well-

known and described in the patent literature reviewed in the background scction,

There is a wide variety of immobilized support systems based on adsorption, entrapping,
encapsulation, ionic exchange, cross-linking and covalent bonding. The most widely used
support systems employ agar, alginates, chitosan, various polymers, polyacrylamide,
ccllulose, substituted cellulose, pectin, carbon and alumina (Akgol et al., 2001, Bahar and
Tuncel 2002, D'Souza and Godbole 2002, Rosevear 1984, Tanriseven and Dogan 2001
and Tumturk et al., 2000) as the support material. Glutaraldehyde and polyethylencimine
arc among lhe must popular and effective agents for immobilizing cnzymes on solid

supports and loading them on columns (Avrameas et al., 1969 and Torres ct al., 2003).

There are different sources of invertase with different degrees of activity. Invertase has
been successfully immobilized in different systems. Grade VII invertase from yeast
having a specific activity of 2000 [U/g is preferred. It is important to optimize conditions
to make a more efficient use of the enzymatic reactor, The process parameters that
should be mainly considercd arc operational temperature and pH. A preferred
temperature range is 45-60° C and a preferred pH range is 4.5-6.0. Optimum temperature
is 50°C and pH 4.5. Preferred supports are alumina chitosan and acrylamides having the
following ranges of characteristics: size 350 — 590 um and specific surface 150 — 200

mg,

With the aim of demonstrating the effectiveness of the invention three different
immobilization supports were fested: entrapping, adsorption and cross-linking. The
adsorption immobilization technique is the simplest. Optionally, the invert syrup product
can be further concentrated which can be accomplished by conventional cvaporation to at
least 68° Brix and/or further refined, if necessary to remove residual protein, phenolic and
undesirable colored compounds by adsorption on an anion exchange column with

conditions such as described above and/or on an activated carbon column.
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The entire process can be scaled up and automated with existing automation equipment

and instruments. Among the advantages of the present process are: (i) the ability to
operate in a completely continuous streamlined process from raw sugar cane extract to
invert syrup product; (ii) the ability o operate using a reduced number of unit operations
and/or more efficient unit operations to accomplish an invert syrup product. In other
words, while in principle it is possible lo obtain refined table sugar, dissolve it in water
and load it onto an immobilized invertase reactor to convert it into invert syrup, the
overall cost of such a process (cost of refining of the table sugar plus cost of converting it
into invert syrup) would be unfavorable, in fact prohibitive. Similarly, while it is possible
to add conventional refining steps and to pre-treat the sugar cane juice before it enters the
solids/solubles removal operation described herein, such pre-treatment is not necessary
and its addition must be balanced against the increased cost of performing it and the

benefit derived from it

Although the present invention has been shown and described with respect (o preferred
embodiments, various changes and modifications, which may become obvious to a
person skilled in the art to which the invention pertains, are deemed to lic within the spirit
and scope of this invention, as claimed below. All documents cited and listed below have

been incorporated by reference in their entirety (excluding websites).
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Table 1. Characteristics of sugarcane juice sequentially purified by microfiltration,

ultrafiltration and anionic exchange resins. n.m.=not measured by an analytical method

Sugarcane juice
" Raw Microfiltered | Ultrafiltered Anionic | Invertase
Membrane 0.2u | 10,000 MWCO | Exchange | Column
Column
Sucrose Extraction Index
Refractive 18.2 17.7 16.3 16.0 n.m.
Index
Specific 69.3 67.4 6.5 60.3 nm.
Rotation
Conductivity 1.56 1.62 1.58 1.50 n.m.
(milimhos)
Pol/Extractio 16.8 16.4 15.0 15.0 nm..
n Index
Purity 92.4 92.5 92.2 92.1 n.m
Color*
a* 1.03 3.16 242 -1.23 n.m.
b* 5.19 29.17 24.72 7.85 n.m.
L 25.18 51.81 56.65 65.73 nm.
E 2572 59.54 GRS 66.20 nm.
Hue 78.9 83.9 84.4 98.8 nm,
Chemical Composition
PH 5.46 5.49 5.51 5.60 5.60
Ash (%) 037 0.3l 023 0.08 026
Protcin 778 77 3 ; 15 50
(ppm) ‘
Phenolics 532.96 436.50 353.45 130.85 436
(ppm)
Reducing 9,25 8.78 8.68 8.69 n.m.
Sugars (g/l)
Sucrose 202.26 179.47 176.20 173.41 13.75
&N

*L = lightness; a* (+) = red color; a* () = green color; b* (+) = yellow; b* (-} = blue; E (color

index) = (L* 4 a® + b*)“*

23

27-




WO 2005/031006 PCTIB2004/003163
Glucose n.m. nm. nam. nm. 79.83
&h
Fructose nm. n.m. n.m. n.m. 79.83
&/

P
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Table 2. Characteristics of sugarcanc juice scquentially purified by particle filtration,

microfiltration and anionic exchange. n.m. =not measured by an analytical method

Sugarcane juice
Ruw Particle Microfiltered Anionic | Invertase
filtered Membrane 0.2yt Exchange | Column
100 m Eh (Intermediate product) Columﬂ
Sucrose Extraction Index '
Refractive Index 18.2 18.2 18.2 8.2 nm.
Specific Rotation | 69.3 68 - 69 67.4 60.3 nm.
Conductivity 1.56 1.56 1.62 1.50 nm.
(milimhos)
Pol/Extractivn 16.8 16.8 16.4 15.0 ...
Index o
Purity 924 Y2.4 92.5 92.1 n.m.
Color®
a¥ 1.03 1-3 6.75 - 152 0.39
b* 5.19 6-28 24.42 14.94 211
L 25.18 26-50 41.7 61.17 66.14
E 25.72 26-50 48.79 62.99 66,17
Hue 78.9 8012 73.95 95.84 79.34
Chemical Composition
pH 5.48 5.48 549 560 5.60
Ash (%) 037 0.37 0.31 0.08 0.26
Protein (ppm) 778 Less than 77 15 50
778
Phenolics (ppm) §32.96 Less than 436.50 130.85 436
532

Reducing Sugars | 9.25 9.10 9.15 9.20
(:4]
Sucrose (g/) 202 195 193 190 19
Glucose (g/h) n.m. nm.. n.m. n.m, 85.5
Fructose (g/l) n.m. n.m. o.m. n.m. 85.5

®L = lightness; a* (+) = red color; a* (-) = green color; b* (+) = yellow; b* () = blue; E (color
index) = (L! + a® + b?)"*?
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Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises” or "comprising”, will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the cxclusion of any other integer or sicp or group of integers or steps.

s The reference in this specification to awy prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

endeavour to which thie specification relates.
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The claims defining the invention are as follows:

1. A method for producing an invert syrup product from raw sugar cane juice
comprising the steps of:

(n)  subjecting suger cane juice to a first filtration to remove a first fraction of solid
contaminants from said juice thereby producing 4 first filtered sugarcane juice;

(b)  subjecting the first filtered sugar cane juice to finer filtration to remove a second
fraction of solid contaminants from said first filtered juice and a first fraction of soluble
contaminants from sa.\id first filtered juice thereby producing a finer filtered sugarcane
juice;

()  passing the finer filtered sugar cane juice through an anion exchange column to
remove a second fraction of soluble contaminants from said finer filtered sugar cane juice,
thereby producing an anion exchange-treated sugar cane juice;

(d)  contacting said anion exchange-treated sugar cane juice with sn immobilized
invertase enzyme to convert at least 90 % of sucrose contained in said treated juice to a

mixture of glucose and fructose thereby producing said invert syrup product.

2. The method of claim 1 wherein the sugar cane juice subjected to the first filtration
in said step (a) is raw sugar cane juice not subjected to any processing steps after its

extraction from sugar cane and before said step (2).

3. ‘The method of claim 1 wherein the sugarcane juice subjected to the first filtration
in gaid step {a) has been subjected only to a sedimentation or a centrifugation step after its

extraction from sugar canc to remove coarse solids.

4. The method of any one of claims 1-3 wherein step (¢) is repeated at least once prior
to proceeding to step (d).
5. The method of any one of claims 1-4 further comprising the step of:

(e)  concentrating said anion-cxchange treated juice prior to proceeding to step (d).

6. The method of claim 5 wherein said step (¢) is performed immediately after

performing said step (c) once.

7. The method of any one of claims 1-6 further comprising the step of:

(f)  further refining the inverl syrup product produced in said step (d).

26
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8, The method of any one of ¢laims 1-7 further comprising the step of

(g)  concentrating the invert syrup product produced in said step (d).

9. The method of any one of claims 1-8 wherein the sugar cane juice subjected to said
step (a) has a sugar content of between about 16 and 23° Brix of which at least 90% is

SUCTOSE.

10.  The method of any one of claims 1-9 wherein the invert syrup product produced in
said step (d) has a sugar coment within the range of about 50° o about 70° Brix of which at

least 90% is a mixture of fructose and glucose.

11.  The method of any one of claims 1-10 wherein, prior to being subjected to said step
(d), the anion-exchange treated juice has a solids content no higher than about 1 %, based
on the sugar content; a phenolic content no higher than about 130ppm; a protein content no
higher than about 15ppm; and a minerals content no higher than about 0.08%, based on the

sugar content.

12.  The method of any one of claims 1-11 wherein the anion exchange-treated juice has

a sugar content of about 40-50° Brix; prior 1o being subjected to said step (d).

13.  The method of any one of claims 1-12 wherein in said step (c) a reflux portion of
the anjon-exchange treated juice is concentraied prior to being retumed to the anion-

exchange column,

14.  The method of any one of claims 1-13 wherein said step (d) is performed under

controlled pH and temperature conditions.

15.  The method of eny one of claims 1-14 wherein at least one of said steps (a) through

(d) is performed as a continuous unit operation.

16.  The method of any one of claims 1-14 wherein all of said steps (a) thiough (d) ae

performed as continuous unit operations.

17.  The method of any onc of claims 1-16 wherein said first filtration step (a)
comprises passing said juice through a particles filter having mesh no larger than 100
Mesh US (100 Tyler).

27
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18.  The method of claim 17 wherein said finer filtration step (b) comprises

microfiltration,

19.  The method of any one of claims 1-16 wherein said first filtration step (a)

compriges microfiltration.

20.  The method of claim 19 wherein said finer filtration step comprises ultrafiltration

having a retentate limit of 10,000 Da mnlecular weight,

21, The method of any one of claims 1-20 further comprising the step of:
(h)  cvaporatively concentrating to the range of 35° to 55° Brix said firgt filtered

sugarcane juice of step (a) prior to step (b}.

22.  The method of any one of claims 1-21 further comprising the step of

(i) pasteurizing the sugarcane juice at some point prior to step (d).

23, The method of claim 22 further comprising carrying out the pasteurizing step (i) at
a temperature between about 61.5° C and about 72° C for a time sufficient to pasteurize the

sugarcane juice.

24, The method of claim 22 or claim 23 wherein the step (b) is performed at a
pasteurizing temperature hetween about 61.5° and about 72° C for a time sufficient to

pasteurize said first filtered juice.

25.  The method of claim 17 wherein the step (a) comprises particle filtration and the

step (b) comprises micro filtration followed by ultrafiltration.

26. A method for producing an invert syrup product from raw sugar cane juice
comprising the steps of:

(i)  subjecting sugar cane juice to a filtration process having at least two filtration
slages, a first slage and a finer slage, to emove contaminants while substantially retaining
sugars present in the juice and a pasteurization stage to pasteurize and evaporatively
concentrate said sugar juice by subjecting said sugar juice to a pasteurizing temperature
between about 61.5°C and about 72°C for a time sufficient to pasteurize and
simultaneously concentrate said sugar cane juice, thereby producing a concentrated filtered

sugar cane juice;

28
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(ii)  subjecting the concentrated filtered sugar cane juice to anion exchange to remove
soluble contaminants from said concentrated filiered sugar cane juice which were not
removed in the filtration process, thereby producing an anion exchange-treated sugar cane
juice;

(ii))  contacting said anion exchange-ireated sugar cane juice with an immobilized
invertase enzyme to convert at least 90% ol sucrose contained in said treated juice to a

mixture of glucose and fructose and thereby to produce said mvert syrup product.

27. A method for producing an invert symp product from raw sugar cane juice
comprising the steps of:

(a)  subjecting sugar cane juice o a first (iltration lo remove a fust Gaction of solid
contaminants from said juice thereby producing a first filtered sugar cane juice;

(b)  subjecting the first filtered sugar cane juice to finer filtration to remove a second
fraction of solid contaminants from said first filtered juice and a first fraction of soluble
contaminants from said first filtered juice thereby producing a finer filtered sugar cane
Juice;

(c)  pasteurizing the finer filtered sugar cane juice by subjecting it to a pasteurizing
temperature between about 61.5° C and about 72° C for a time sufficient to pasteurize and
simultaneously cvapqrative]y concentrate said finer filtered sugar cane juice, thereby
producing a concentrated finer filtered sugar cane juice;

(d)  subjecting the concentrated finer filtered sugar cane juice to anion exchange, to
remove a second fraction of soluble confaminants from said concentrated finer filtered
sugar cane juice, théreby producing an anion exchange-treated sugar cane juice;

(¢)  contacting said anion exchange-treated sugar cane juice with an immobilized
invertase enzyme to convert at least 20% of sucrose contained in said treated juice to &

mixture of glucose and fructose thereby producing said invert syrup product.

28. A method for producing an invert syrup product from raw sugar cane juice
comprising the steps of:

(a)  subjecting sugar cane juice to a first filtration to remove a first fraction of solid
contaminants from said juice thereby producing a first filtered sugar cane juice;

(b)  evaporatively concentrating the first filtered sugar cane juice to the range of 35° to
55° Brix at a pasteurizing temperature between about 61.5°C and about 72° C for a time
sufficient to pasteurize said first filtered sugarcane juice thereby producing a concentrated

filtered sugar cane juice;
29
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(¢}  subjecting the concentrated filtered sugar cane juice to finer filtration to remove a
second fraction of solid contaminants from said concentrated filtered sugar cane juice and
a first fraction of soluble contaminants from said concentrated filtered sugar cane juice
thercby producing a finer filtcred sugar cane juice;

(d)  passing the finer filtered supar cane juice through an anion exchange column to
remove a second ﬁ'actjon of soluble contaminants from said finer filicred sugar cane juice,
thereby producing an anion exchange-treated sugar canc juice;

(¢)  contacting said anion exchange-treated sugar cane jmce with an immobihized
invertase enzyme to convert at least 90% of sucrose contained in said treated juice to a

mixture of glucose and fructose thereby producing said invert syrup product.

29. A method for producing an invert syrup product from raw sugar cane juice,
substantialty as hereinbefore described with reference to the Examples.

30. A method for producing an invert syrup product from raw sugar cane juice,

substantially as hereinbefore described with reference to the drawings.

31, Aninvert syrup product, whenever prepared by the method of any one of claims 1
t0 30.

30
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10" Floor, Block, A, Investment Plaza
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NTD Patent & Trademark Agency Ltd.

Filing No. 200480035027.9

Applicant  INSTITUTO TECNOLOGICO Y DE ESTUDIOS SUPERIORES DE
MONTERREY

Title of Invention: PRODUCTION OF INVERT SYRUP FROM SUGARCANE JUICE USING IMMOBILIZED
INVERTASE

1.

NOTICE OF GRANTING PATENT RIGHT FOR INVENTION
(National Phase of PCT Application)

In accordance with the provisions of Atticle 39 of the Patent Law and Rule 54 of Implementing
Regulations of the Patent Law, since no reason for rejection has been found after examination as to
substance, a Notice of Grant is hereby issued in respect of the above-identified application.

The applicant shall also complete the formalities for registering the patent according to the Notice of
Completing Formalities for Patent Registration after receiving this Notice.

If the applicant completes the formalities for registration in due time, the State Intellectual Property Office
will issue a Patent Certificate and publish the granted patent. However, if the formalities are not duly
completed, the applicant will be determined to have abandoned the right to obtain the patent.

2. The above-identified patent application is granted based on:
[]The application documents as originally filed.
[_|The application documents as filed in the divisional application.
DA The following documents:
The text that conforms to the amendments under Article 28 or 41 of PCT, including [paragraph
15-16_ of the description, [Celaims__, [:]Fig. __of the drawings, [ the abstract and [_Jthe drawing
of the abstract.
The amendments submitted on May 26,2006, includin &paragraph 1-14,17-110 of the description,
Ulelaims____, P4 the drawings, Ii the abstract and [_Jthe drawing of the abstract.
The amendments submitted on May 11,2009 , including [_paragraph ___ of the description,
Xeclaims_1-40 , DFig. __of the drawings, [Jthe abstract and | Jthe drawing of the abstract.

3. The title:
D4 Not changed
[J Being changed to that shown above

4. [J“Statement for Abandoning the Patent Right” for the Chinese patent No.___, which was submitted by
applicant on ___, has been examined. The result is:
[ JTo enter the procedure for abandoning the patent right.
[_INot to enter the procedure for abandoning the patent right because this application is not identical with
the patent referred to in statement.

5. [JThe examiner inserted the amendments to the documents as follows:

6. Any amendment received after the issue of this notice would not be accepted.

Examiner: Department:
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