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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 13 a 26 4/Septiembre/2009
Reivindicaciones: Foliocs 27 a 31 4/Septiembref2009

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque: Esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486). Y su contenido técnico corresponde con el de la
prioridad reivindicada

3. Objeto de la invencién

De acuerdo con lo establecido en el numeral 1.2.2.2 del Capitulo Primero del Titulo X
de la Circular Unica para efectos del examen de patentabilidad, se tendra en cuenta
la tasa pagada por el solicitante al momento de comenzar el examen para las
reivindicaciones adicionales; esto es que cuando la solicitud contenga mas de diez
(10) reivindicaciones y no se haya pagado la tasa complementaria, sélo se
estudiardn las cubiertas por la tasa pagada.

Titulo de la solicitud: “Procesos y mezclas para modificar las propiedades de varios
compuestos y sustancias” (Fl. 75).

El problema planteado en esta solicitud consiste en suministrar un método y una
mezcla a partir del cual se modifica la viscosidad, la fluidez del petréleo a partir del
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exprimido de la planta de banano.

Para resolver este problema técnico la solicitud en estudio proporciona un proceso
para mejorar el petroleo pesado y una mezcla que contenga el exprimido de la planta
dei banano o dopamina. -

El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): C10G 47/34; C07C 211/27; CO9K 3/32.

4. De la Solicitud de Patente

Titulo

|
El titulo no corresponde con el objeto de la solicitud ya que este corresponde a
suministrar un método y una mezcla a partir del cual se modifica la viscosidad, la
fluidez del petréleo a partir del exprimido de la planta de banano, por lo cual se
sugiere al solicitante hacer la correccién necesaria.

Reivindicaciones {Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1, 3, 4, 6, 7, 8, 10, 11, 12, 13, 14, 22, 23 y 24 no son claras
porque utilizan términos indefinidos como “un grado API menor, a un grado AP!
mayor”, “relacion apropiada de volumen o peso”, “segun se a conveniente a los
propositos de lograr una viscosidad dada”, “un exprimido de cualquier parte de la
planta del banano, parcial o totalmente oxidado a petré!eo” “establecida por prueba
y error’, “contenido de titanio o sus compuestos”, “el contenido de dopamina es el
que se presenta naturalmente en el exprimido de la planta de banano segin su
variedad”, “cualquier procedimiento fisico o quimico”, “cualquier parte de la planta
del banano, parcial o totalmente oxidado”, “dopamma 0 sus compuestos”, “entre
fluido y sélido o entre sélidos que se describen en las reivindicaciones 1,2,3,4 ,5,6
.7 ,89,10y 11", “oxidacién lograda por cualquier método, a cua!quier grado de
conversion”, “dopamina y los compuestos de esta sustancia”, “en cualquier
proporcién”, ‘mezclas en diferentes proporciones”,' “diferentes condiciones de
temperatura y presién, en diversos arreglos y combinaciones”, los cuales son
imprecisos y no permite distinguir la invencién del estado de a técnica. Se sugiere
sustituirlo por términos preciso o rangos concreto,

Las reivindicaciones 1, 3, 18 presentan ventajas o efectos del proceso para mejorar
el petrdleo pesado “para lograr un petroleo mas liviano”, “para lograr un petroleo
liviano”, “lograr una viscosidad dada”, “para producir (ransferencra de iones hidruro’
lo cual no es permitido. LLas relvmdlcamones deben caracterizar un producto por la
forma o constitucién del mismo, las partes que lo componen y todo o que permita
establecer como se llego a tal resultado. No se aceptan reivindicaciones que

caractericen resultados, usos, ventajas o efectos |

La reivindicaciones 12 y 13 no son claras ya que no presentan la composicion de la
mezcla que reivindican, lo cual se evidencia asi: entre fluido y sélido o entre sélidos
que se describen en las reivindicaciones 1, 2, 3,14, 5, 6, 7, 8, 9,10y 11;
oxidacién lograda por cualquier método, a cualquier grado de conversion,
especialmente pero no exclusivamente por adicién al fluido de peroxido de hidrégeno
(H202), de burbujeo de aire o de oxigeno gaseoso.

}
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Las reivindicaciones 12, 13 y sus dependientes presentan una faisa dependencia
con la reivindicacion 1 a 11, ya que las primeras hacen referencia a un proceso y las
Ultimas hacen referencia a una mezcia, lo cual no es permitido.

La reivindicaciones 23 y 24 no son claras ya que presentan un proceso y una
mezcla, lo cual se evidencia asi: “Jos procesos y a las mezclas tal como se describe
en las reivindicaciones 1, 2, 3, 45,6 ,7,8 9,10, 11,12, 13, 14, 15, 16, 17, 18,19,
20, 21, 22 y 23, en los que se conforme mezclas en diferentes proporciones de
exprimido obtenido de la planta de banano y de dopamina y sus compuestos”: “los
procesos y a fas mezclas tal como se describe en la reivindicacién 23, lo cual hace
dificil definir cuél es el objeto que se busca proteger.

El capitulo reivindicatorio no es conciso porque contiene un excesivo niumero de
reivindicaciones independientes, lo cual hace dificil definir cual es el objeto que se
busca proteger.

5. Determinacion del Estado de la Técnica
El estado de la técnica se determiné con base en la fecha de presentacion

internacional: febrero 6 de 2007, y se encontraron los siguientes documentos que
anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de Publicacion*
D1 US 2004/0132626' “Fluid system additive” 8/Julio/2004
"High content of dopamine, a
D2 Articulo 1% strong antioxidant, in Cavendish 3/Marzo/2000
Banana”

El documento D1’ divulga una composicidon usada para la explotacidon de
hidrocarburos como dragado y produccion de pozo, especialmente pozos de petrdieo

y gas.

El documento-D22 divuiga un antioxidante es identificado en el banana comercial
Musa cavendishi. La dopamina uno de las catecolaminas (Resumen)

Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en un proceso para mejorar el petrdleo pesado de un
grado AP| menor, a un grado AP| mayor, para lograr un petrdleo mas liviano. El
proceso consiste en: - Agregar una soluciéon de dopamina o sus compuestos a
petrdleo, en cualquier relacién apropiada de volumen o peso, establecida por
prueba y error, de acuerdo con las caracteristicas del crudo; - Acidificar la mezcla
hasta un rango de valor de pH entre 4 y 4.5. - Permitir que la mezcla reaccione, en
presencia de iones bivalentes tales como magnesio o calcio. - Detener la reaccion
elevando la temperatura hasta 70° C segun se a conveniente a los propdsitos de

1http:/igb espacenet.com/search97¢cgi/s87_cgi.exe?Action=FormGen&Template=qblen/advanced.h
ts

2 Kazuki Kanazawa* and Hiroyuki Sakakibara. High content of dopamine, a strong antioxidant, in Cavendish
Banana. J Agric. Food Chem. Laboratory of Food and Nutritional Chemistry, Faculty of Agriculture, Kobe
University, Rokkodai, Nada-ku, Kobe 657-8501, Japan. 2000. hitp://appft1.uspto.govinetacgi/nph-

aqt

Parser?Sect1=PTO18Sect2=HITOFF&d=PG01&p=18u=/netahtml/PTO/srchnum.htm!&r=18&f=G&I=508&

$1=20040132626. PGNR . 805=DN/2004013262684RS=DN/20040132626
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lograr una viscosidad dada. En el petroleo debe haber'un contenido de vanadio de
hasta de 400 ppm de vanadio y de hasta de 100 ppm de niquel.

Comparacion de las caracteristicas técnicas esenciales, con las del Estada de la Técnica:

3

Caracteristicas Técnicas | D1 ! D2 I
! Esenciales , ‘ ‘
Un proceso para mejorar el Composiciones y métodos para * No menciona

| petroleo pesado de un grado AP

menor, a un grado APl mayor

alterar las propiedades flsi¢as o
' quimicas de un fluido (Parr. 0004)

Agregar una solucién de dopamina o
sus compuestos a petrdleo, en

' Un sistema fluido para el uso en
explotacién de hidrocarburps que

Un antioxidante es

-

| identificado en el banana |

cualguier relacidn apropiada de I comprende una fase liquida comercial Musa |
volumen o peso, establecida por' continuay un biopolimero ' cavendishi. La dopamina
prueba y error, de acuerdo con fas - derivado de Ja especia de banana, |uno de las :
caracteristicas del crudo. Musaceae (Reivindicacion|1, Parr. | catecolaminas
0015) {No hace referencia'a la (Resumen)
dopamina) . .
Acidificar la mezcla hasta un rango | La dispersion de almidén puede No menciona
de valor de pH entre 4 y 4.5, ser ajustada variando el pH de la
mezcla (ej. Adicionando HCI)
: o (Parr.. 0038) \ ]
" Permitir que fa mezcla reaccione, en | E! sistema fluido que contiene este | No menciona.
presencia de iones bivalentes tales ! aditivo tolera las contaminaciones
como magnesio o calcio, de calcio (Resumen) '
Detener la reaccién elevando la|Es formada una mezcla la cual es |, No menciona
temperatura hasta 70° C. En ellsecada a 50°C por 24 horas (Parr.
petrolec debe haber un contenido de | 0038). Es de conocimiento del
vanadio de hasta de 400 ppm de | técnico medianamente versado en
vanadio y de hasta de 100 ppm de | la materia el contenido de vanadio
niquel y niguel en el petroteo, dohde el
! contenido puede variar entre 1 -
| 1100 ppm de vanadioy 1+ 85
L | ppm de nickel®

i 1

!

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencién definida en la reivindicacion 1 porque divuigan composiciones y métodos,
para alterar las propiedades fisicas o quimicas de un fluido a partir de los extractos
de la banana.

La diferencia entre la invencion, definida en la reivindicacion 1 y el método de D1
consiste en que el documento no hace a la dopamina, componente extraido del
banano, en lugar menciona el aimidén obtenido de la planta.

La diferencia entre la invencién, definida en la reivindicacion 1 y el método de D2
consiste en que el documento hace referencia a la extraccién de dopamina de una
planta de banano y no al proceso de mejoramiento de la viscosidad del petréleo.

El efecto que logra el incluir el uso de dopamina consiste en suministrar una mezcla
a partir del cual se modifica la viscosidad, la fluidez del petrdleo a partir del
exprimido de la planta de banano.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “¢cémo modificar el método de alteracion de propiedad de

3 Speight/Ozum. Petroleum Refining Processes. Volume 85 of Cheémical Industries Series

Petroleum Refining Processes, J. G. Speight. Pag. 483.2001
http.//books.google.cam.co/books?id=UqBrYiUzY7cC&pg=PA52&dgkvanadium+and+nickel +content+in+arud
+oil&hi=endsa=X&ei=340dUKygRZPS9ASKIHWAWEAVed=0C DY QBAEWAG#V=cnepageda=vanadium%20nic

kel%20content%20in%20¢crude%20cil& f=false
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fisicas y quimicas conocido en D1 para conseguir una mezcla a partir del cual se
modifica la viscosidad, la fluidez del petroleo a partir del exprimido de la planta de
banano?."

Sin embargo, la extraccion de dopamina de una plata de banano, se divulga
en el documento D2 que se refiere a un antioxidante identificado en el banana
comercial Musa cavendishi La dopamina uno de las catecolaminas
(Resumen).

En consecuencia, la persona del oficic normalmente versada en la materia, incluiria
el uso de extractos del banano o ta dopamina extraida de la planta de banano de D2
en el método de D1 para llegar asi al objeto de fa reivindicacion 1 de la solicitud. Por
lo cual se considera obvia.

Asimismo, el documento D1 revela las caracteristicas de las reivindicaciones
dependientes asi:

e Reivindicaciones 3, 16 y 20: Un sistema fluido para el uso en explotacion de
hidrocarburos que comprende una fase liquida continua y un biopolimero
derivado de [a especia de banana, Musaceae (Reivindicacion 1, Parr. 0015).

e Reivindicaciéon 10 y 11: Inyectar el fluido en el pozo, el cual comprende una
fase liquida y un biopolimero derivado del banano (Reivindicacion 30).

¢ Reivindicaciones 17 y 21; Algunos aditivos para la mezcla de banano han sido
descritos para el usc en fase acuosa y viscosa, como portador del extracto de
banano. Por ejemplo: cualquier base fluida o sélida, dentro de los cuales se
contempla fluidos a base de aceites (Parr. 0066).

* Reivindicaciones 13 y 22. Comprende componentes del grupo de
viscosificadores, biopolimeros, otros derivados del extracto de la planta del
banano, thinners, agentes de puentes, agentes de mezcla, lubricantes,
inhibidores de corrosién y eliminadores de oxigeno (Reivindicacién21).

Asimismo, el documento D2 revela las caracteristicas de las reivindicaciones
dependientes asi:

¢ Reivindicacién 2, 4, 5, 8: El contenido de dopamina en la banana esté en el
rango de 80 — 560 mg por 100g de corteza y 2.5 a 10 mg en la puipa
(Resumen).

» Reivindicacion 6: Obtencion de la dopamina de la planta de banana se
obtiene a partir de un proceso de centrifugacién, secado y posterior
cromatografia (Pag. 845, Figura 1).

6. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Item Documento Reivindicaciones afectadas Reguisito que afecta
D1 US 2004/132626 1,3,10,11,13,17,20,21y22 Nivel Inventivo
D2 Articulo 1 1,2,456y8 Nivel Inventive

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacién de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.
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Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante para sesenta dias (60) y presentarla por escrito.

Finaimente, se le recuerda al solicitante que si como respuesta a este requerimiento
flegara a modificar el capitulo reivindicatorio y éste|contenga mas de diez (10)
reivindicaciones, no pagard la tasa de modificacion voluntaria pero si la
correspondiente al pago por reivindicacién adicional.

Notifiquese el presente oficio conforme a lo dispuesto én el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ !

Director de Nuevas Creaciones (C)

El ,anterior.  requerimiento fue notificado por fijacion en lista, de fecha
27 Hov. 2ad 3 por i

Elaborado por: Stephany Rojas Garcia 4&\"
Revisado por: Rosa Patricia Téllez
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844 4 Agric. Food Cham. 2000, 48 844848

High Content of Dopamine, a Strong Antioxidant, in Cavendish

Banana

Kazuki Kanazawa* and Hiroyuki Sakakibara

Laboratory of Food and Nutritional Chemistry, Faculty of Agriculture, Kobe University. Rakkadal.
Nada-ku, Kobe 657-8501, Japan

A strong water-soluble antioxidant was identified in the popular commercial banana Musa
cavendishii, It is dopamine. one of the catecholamines. For suppressing the oxygen uptake of linoleic
acid In an emulsion and scavenging a diphenylpictylhydrazyel 1adical. dopamine had greater
antioxidative pntency than glutathione, fosd addirtves such as hurvlated hyvdroxyamsale and
hydroxytoluene, flavone luteolin, flavonol quercetin, and catechin. and similar potency to the
strongest antioxidants gallocatechin gallate and ascorbic acid. Banana contained dopamine at high
levels in both the peel and pulp. Dopamine levels ranged from 80—360 mg per 100 g in peel and
2.5—10 mg in pulp. even in ripened bananas ready to eat. Banana is thus one of the antioxidative

fonds.

Keywords: Banana,; antioxidant: dopamine: phytochemical: catecholamine

INTRODUCTION

Tlhie products of lipid peroxidation are part of our daily
tliet. The digestive system of man possesses an ability
to detoxify small amounrs of these products (Kanazawa
and Ashida, 1998a). However, those peroxides which
cannot be detoxified are absorbed into the body (Kanaza-
wa and Ashida, 1998b), where they can cause various
degenerative diseases such as atherosclterosis (Nourooz-
Zadeh et al.. 1996}, cancer {Chaudhary et al.. 1994),
diabetes mellitus (Novotny et al.. 1994), Parkinson's
diseasc {Yoritaka et al., 1996), and others (Kristal ot
al.. 1996). It is important to our health to maintain the
ability to detoxify in the digestive tract by eating
antioxidulive loods,

Plant foads, particularly vegetables. contain various
antioxidants. tecopherols. ascorbic acid. carotenoids. and
Navenoids. Strongly antioxidative phytochemicals also
have been found: catechins in reas (Salah et al . 19953),
sesaminols in sesame (Kang et al.. 1998}, chlorogenic
and caffeic acids in coffee (Laranjinha et al., 1994),
curcumin in the herb turmeric (Tnda et al., 1988).
rosmaneol, carnosol, and carnesic acid in rosemary
{Inatani er al.. 1983 Aruoma et al.. 1992). and so forth.
We are interested In fruit anrioxidanis. Wang et al.
{1996} examined the antioxidative potency in 12 frults
and 3 fruit juices and reported that strawberry had the
highest activity foltowed by plum, vrange, cte.. including
banana. We had also examined the antioxidative po-
tency of several fruits and found that tropical fruits had
strong activity. For cxample. a banana water-extract
suppressed the autoxidation of linoleic acid by 65—-70%
after a 5-day incubation in an emulsion system, as
determined from the peroxide value and thioharbiturie
acid reactivity. Tropical fruits grow under hot and
intense sunlight that facilitates lipid peroxidation. We
considered that bananas should conrain antioxidants in
pulp and peel to shield against peroxidizing factors. The

* Corresponding author. Tel and Fax  +81.78.803 5879,
E-mail: kazuki@kebe-u.acjp.

10.1021419908860 CCC: 519.00

shjcctive of the present study was an exploration of
hanana antioxidants.

We first examined the peel and identified dopamine
as a strong water-soluble antioxidant, present at the
level of 100 mg/100 g. Next, we analyzed the pulp and
found it too contained dopamine at a few mg/100 g even
in ripened bananas ready to eat.

MATERIALS AND METHODS

Materials. The most popular banana on the world market.
Musa cavendishii. Imported from two different plantations in
the Phillppines, was ohtained from a local market outtetl before
ripening treatment with ethylene gas. Linnleic actd purchased
from Nacalal Tesque. Inc (Kyoio, Japan) was distitled under
nitrogen m varuo twice Standard ehemicals. dapamine, and
other catecholamines, amina acids, and tocopherols were from
Nacalar Tesque Tne (IKvaro. Japan), Wakn Pure Chemical
Industries Led {Osaka, Japan), and Ezai Co . Lid (Tukvo.
Japan), respectivelv. Flavonoids and catechins were from
Funakoshi Co o Lid. (Tokye, Japani. All other chemicals were
canunercinlly available 10 high grade.

Scparation of Banana Antioxidants. Banana peel (1050
a} was abrained from banana {3 kg) without fruir apex and
stalk. The peel was allowed iimmediately to stamd in hoiling
warter for 20 5 to inacrivete polvphenol oxidases {Jimeénez and
Garcla-Cacmona, 1099}, 1t was minced with a Waring blender
and centrifuged at 8000g. The supernatant in a cellulose tube
{dialytic molecular size, less than 12 000~14 000} was dialyzed
Lo 10 L of water overnight. The diffusate aller being condensed
with an evaporator under nitrogen was weighed (29.84 g by
dry weight} and was subjected to the following chromato-
graphic separations. The part nf pulp was cut inta 1 cm pieces,
and the 500 g was taken up randomly and then treated
simiiarly.

Products in the diffusate were purified while monitoring the
antigxidative potency. An alumina (aluminuem oxide ). Merck
& Co.. Inc.. Darmstadt. Gemany) column {i.d. 3.5 = 30 em,
0.05 M borate buffer (pH 8.6} far the immobile phase) was first
used {Drell, 1970). The elution with water (fraction A-I}. 0.2
N oacetic acid (A-H), and 2 N HC! {A-IIT} gave 16.95, 10.38.
andd 2 46 p dry weight, respectively. The A-1 was subjected to
an ion-exchange chromatography (Dowex 50W X 4, 200—100
mesh, Natorm i.d. 1,0« 65 ¢m) {Dow Chemical Co.. Midland,

€ 2000 American Chemical Society
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Banana Antioxidant

MY and eluted with 0 2 M acetate bufte: of pH 3 25 (0 a5 the
~ame oarfter of pH 480t and 5.02 N NaOH [ L] The elued
matter weighed 000, 1.59, a0l 6 34 g dry weight, resprctively
AT was passed threugh o sihca gel column (Wakogel € 106
id 20 e Wako Pure Chemical Industries Eed  Osaka,
fuparu e elution with o mixed solvent of 1 butanol.acetic
acidawvater = 421 as Lhe immobile phase pave a colorless
fraction (1151, drv weight 0.34 g} and vellow traction {I] $2.
§.85 g}, and then a wash with 2 N HCI gave fraction 11.53
{1.17 »). 11. 83 was finally subjected to purification of antiuxi
dant by cellulose (Avicel SF} thin-layer chromatography (TLC)
{0.25 « 200 » 200 mm} twice, developing with 1-butanol:acetic
acidiwater = 4:2'1 and with ethanoliwater = 63:37

Evaluation of Antioxidative Potency. We emploved an
oxvgen-absorption method using & Gilson differentlal respirom.
erer (model GRP 14) 1Gilson France) because one can ditertly
evdillate the antwovidarive potency from the suppression of
uxvaen . ptake duwring the perexldotzon of palvunssturared
fatty wwd chanaeawa et al 1973 Twenty miomnales of
Linole i aciel woas dispersed with 20% Dween 40 in 2l o 101
Mohoaphate auftes ipH 7 Orcomtaimng a (erratn s vieentrotion
uf hanana pricuces, While it was shaken in a water bath at
37 7C.the oxvgen uprake was monitored and compared to that
of the contrul withuut banana products.

Another evaluation method was used that emplovs a 11
diphenyl-Z-pitrylhydrazyl (DPPH) radical. The banana ant-
uxidiant was added to 250 nmol DPPH in 50% ethanol in (.05
M avetate buffer (pH 5 5). and immediately fading at 517 nm
was monitored, comparing to the fading abilities of 130 minol
vach of standard chemicals

Instrumental Analyses. The chemical structure ut the
purified antwsidant was elucidated using infsared spectron
sty Shimadza IR 408) (Shimadzu Co. [ rdl) nuceal mageta
resonatce spectiometey (Bruker AC 250 (Bruker Asralvtik
GMBHD and was chramatogrephiv. mass speciiometiy {TEOL
[Xn i (TROD Dbt warit a calume of 3 OV 1 asing ar
tunizing voltage of 20 eV

High-Performance Liquid Chromatography (HPLC)
tor Determining Antioxidative Phytochemicals. The an-
tioxidants in both banana peel and pulp were identified by
HPLC (IRICA Z871) (Irica Co. Ltd.) comparing with the
respertive standard chemicals. Levels of catecholamines were
analyzed in the A T fraction, modifying the methed of Causon
et ul (19811 column Wakosil-II 5CIBAR fi.d. 4.6 < 200 mm);
mobile phase, 70 mM KHPOy contamning 1 mM ethylenedi-
amine terraacetate disogdium, 2 mM sodium l-octanesulionate
and 107 methanel flow rate, 10 mlb/mine eolumn rempera
ture 33 U dand mentitonmg with an vlecrrochenin al derectm
ARICA 2HTAS lriee Coo Do s ser at =600 e\ Flavonuoid
Lonteni alse Was determined for AT asing a colizimn Shiseldo
Capeell UG20 dia 46« 250 mm) ‘Shiseide Lo lad;
natktained 2l 35 CLeluting with 0.045 M potassium ahos.
phate butter pH 3 3nethanel 1053 - pd montoring with
A photediode arrav detector (Shunadza SPT-MGA} (Shimadyu
Co. [td s Ahternativelv, banana peel or pulp was minced 1n
ethanol containing 5*: pviogallol, sapenified im 60% KOH for
3 min. end then extracted with diethvl ether o1 with methanol:
dirhloremethane = 1.2. The ether extract was passed tnrough
a Sep Pak (Waters Florisit carreidges) (Nihon Warers KK
andl submitted to weeopherol analysis on HPLC {Lumen and
Fiad 1982). Carotene contents wete determined in merhanol.
dichleromethane extract (Miller et al.. 1981). The deternuna-
tion of anrioxidant levels was performed three times indepen
dently using 12 bananas each at the npening stage.

RESULTS

Isolation of Antioxidative Ingredients in Ba-
nana Peel. Figure 1 shows the isolating procedures for
antioxidants in banana peel. The antioxidative potency
of isvlated products was monitored from the suppressing
effect on oxygen uptake of linoleic acid. Lincleic acid
ahsorbs 1 mol of oxygen to foro its hydroperoxides and
anugther mole or a little more for decompaosition of the
hydy operaoxides (Kanazawa et ai. 19731 Finally 20
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Fresh Banana 3000 g

v

Fresh Peel 1050 ¢

In bailing water for 20 sec.

v

Mince

'

Centrifuge at 8000 x g for the Supcrnatant

Dialyze

i Dry the diffusate to obtain 29.84 g

Alumina chromatography
|
Elute with : water acetic acid HCl
(A) (A {A-1)
1695 ¢ 10.38 g 246

Dopamine polymers

Silica-gel chromatography
]

I e A 1

acidic neutral alkaline  (lI-S1) (H-82) (1-53)
[{2%:)] (1-n} {1-b) 0343 885¢g 1.17 g
900 1.59¢ 634 g

l l , l CeIIqu{e TLC

Amino acids and peptides

Ton-exchange chromatography

Flavoneids

I Carecholamme l | Nopsmine

Figure 1. Isolaliém of banana antioxidants. Details are given
in the Materials and Methods sectinn. Numbers next to the
fraction names afe the yields in grams as dry weight. The
products are identified in the boxes.

gmal of linoleic ,‘acid used here was estimated 1o absorb
around 50 «mol! (1120 «L) of oxygen. Figure 2 compares
the oxygen uptiake of linoleic acid with and without
banana products In a control without product. the
uptake initiated after around 60 h incubation, which is
the inductinn prind of acteadatien. Fhen. linoleic acid
ahsorbed oxvgeph actively. and the autoxidaton almost
finished ar around of 230 h. In the linoleic acid emulsion,
50 g of diy matter of the isolated fractions was added.
The diffusate pyelonged the induetion period 1o around
ol 200 h and syppressed the oxygen uptahe 1o 570 oL
after 300 I {Figure 2A).

It had been reported by Udenfriend et al. (1959) that
banana containped catecholamines. The strong antioxi-
danve potency pf handna diffusate might he attnbuted
to e L'awtlmtﬂnimw. For the isulavion of catechal-
anunes, alumina column chromatography has deen
reported to be guttable (Dreli, 19705 We then enmploved
the aluming (I?rumam_qraph}' and sepuarated the diftu
sate into thred fiactions. Fraction A-1 had weak anti-
oxldative potetey, whereas A T and A IIT were strong
A-1 was furthpr separated through an ion-exchange
column chrompiography, but stili gave no active frac
tions {Figure 2ZB). In contrast. A-1l passed through a
silica gel colunmin gave a strong fraction, [1-33. Products
in 1-83 were gurified on cellulose TLC twice wo 11 53C.
The A-IT frattion formed a dark-brown pecipitate
during a few Hours' standing, These isolated fractions,
purificd proddcts, and precipitates were clucidated
msn*umenralh” as to chemical structure
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Figure 2. Antioxidative potency of the isolated banana
ingredients: (A) the diffusate and isolated fractions obtained
by the alumina column chromatography: {B} the fractions on
ion exchange and silica gel column chromatographies: (C) a
comparison of the antioxidative potency of 10 gg of purified
fraction T1-S3C and 30 nmol each of standard chemicals dopa.
dopamine, and BHA (butylated hydruxyanisole).

Identification of Banana Antioxidants. Fraction
A-l was positive for ninhydrin reagent and was then
analyzed by amino acid analyzer (Hitachi madel 8335)
{Hitachi Ltd.) directly and after hydrolysis. It was
composed mainly of peptides and free amino acids (data
not shown), The most active I-b among the three A-T
fractions included hasic peptides and amino aculs,
particularly 1.77 mg of free acginine in 6.34 g of T h
[raction (Figure 1). The hasic aminu acids have been
known ro he more antioxidative than acidic and neurral
amino acids {Mazsushita and Ibuki, 1965). The activity
of I-b was probably due to arginine. In I-n fraction {1.59
g}, 0.30 mg of free tyrosine and 0.44 mg of phenylalanine
were detected, but Figure 2B showed that I-n fraction
was not antioxidative, This indicated that antioxidative
potency of the neutral amino acids were weaker than
arginine.

In the most antioxidative A-1I fraction, the 1I-53C
purificd from II-83 showed a phenolic OH (., 3300
em B amine (e 1600 em™Y), and aromatic 1ing (v
1495 cm 1) inan infrared spectrum in KBr. The mass
speatrinn after acerviation wath trfluaracetic acid de
tected o molecular djon peak at mis A41 (M) and
fraginent jon peaks. at miz 372 { -Cla). 329 1 NEL-
COCF3} as a base ion peak, 315 {—CH;NHCOCT ), 301
( CHpCHNHCOCFS), and 126 (CHNHCOCEK; 3 as the
secondary peak. The spectrum of 'H NMR in dimethyl
sulfoxide-ds was assigned as follows; at 0 2.66 (r. J =
7.8) for H-1", 6 2.91 {t. J=7.8) for H-2’, & 6.48 (m) for
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Figure 3. Chemical structure of dopamine,

H-4, 6 6.63 (d. J=7.9) for H-3, and ¢ 6.66 (d. J = 8.0)
far H-6. The "*C NMR signals were as follows: at 6 32.7
for C-1. 3410 for C-2.4 1163 for C-3. 0 116.5 {or C-6.
0 120.2 for C-3, 0 128.6 for C-4, 4 144.3 for C-1, and &
145.5 for C 2. Every analytical datum completely coin
cided with that of standard dopamine {(Figure 3}. In
addition. rhis 1I.83C exhibited strong potency for anti-
oxidant similar to the standard dopamine {Figure 2C).

The 1} 81 showed two large peaks on HPLC, having
3.9 and 1.1 min as vetention times. The mass spectra
analyzing with a Hguid chiwomatography APCl—mass
spectrometry {Hitachi M 1200H) (Hitachi Ltd.) at 50
V for ionizing voltage. showed ion peaks at nwz 577
{M— 1 = 2I) and m/z 271 (A = 1 = rhamnoglucoside)
for the former. and at n¥z 609 (M — 1} and m/z 301
{Af — 1 - rutinoside) for the latter. The analytic data
coincided with those of standard flavonoid glveosides,
naringin. and rutin. respectively. Flavonoids have been
recognized to be potent antioxidants (Jovanovic et al.,
1994: Caa et al., 1997). The activity of 11-81 was due 1o
these flavonoids {Figure 2B). 11-52 gave two major and
several minor peaks on HPL.C. The major peaks had 6.8
and 19.5 min of vetention times and gave signals at m/z
168 (M 1) and mis 152 (M - 1), respectively, with a
ligutd chromaingraphy/APCI—mass spectrometry. The
intarmation ceincided with that of standard chemicals.
and then they were identified as norepinephrine and
dopamine. respectively.

The precipitate from A-IIT had almost the same
spectrumn as dopamine in the infrared analysis. This
{raction was suggested to include a large amount of
depamine and to [nrm oxidized products such as dopa-
mine polymers during the preparation.

Then. because of the instability of dopamine, the
antioxidant contents of banana were determined using
fresh peel and pulp.

Antioxidant Contents of Banana at Various
Ripening Stages, The peel contained antioxidative
arginine, flavanoids, and catecholamines. and prebably
others. The amounis of these compounds and other
known anrioxidarive phytochemicals were determined
in both peel and pulp at the various ripening stages
(Table 1). The ripening stage was evaluated according
to the common classification in the market. The clas-
sification defines eight stages by color score: all green,
light green. half-green, half-yellow, green chip, full
yellow, star. and duffel, and by sugar content, around
1.3.5.9, 14. 17, 19, and 19%. respectively. Stages 1 -3
were just imporied and had not received ripening
treatment. Stages 4--8§ were after the treatment with
ethylene gos Bandna is usuallv served at a ripening
stage of 6 ar 7 At stages 1=3. it is not usuallv eaten
because it is areen and very hard. At stage 8, it is
overripe and muddy. Banzna contained a large amount
of dopamine in botly peel and pulp. The amounts
decreased a Jittle with ripening and remained at levels
hetween 80 and 560 and between 2.5 and 10 mg. per
100 g of peel and pulp, respectively, even at the edible
stages, The variance was due to the difference of the

as
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Table 1. Levels of Antioxidative Phytochemicals in
Banana at Various Ripening Stages
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plantations in the Phiitippines. Interestingiy the me.
tabolizing precursor dopa was less abundant than
dopamine in peel and pulp. Naringin and rucin contents
were a few 10 g in the peel and negligible in pulp
The ascorbic acid content was constant at around 10
mpg/100 g in both peel and pulp. regardless of the
ripening stage (arotenes and tocopherols were ap-
precrable m peel and dess in pulp Thus, the strong
antlexidative patency of bhanana is actributable to
dopamine which is much mare abundant than other
antioxidants n this fruit.

Strong Antioxidative Potency of Dopamine. The
e aaxinative potency ol dopamine sas compiared with
thiat of standod chemicals (Figure 20 Dopamine was
suonger than dopa and the food additive BHA 1n
Figure 4, another evaluation method was userd with o
DPPH radical. Dopamime scavenged the DPPH radical
detively, more so than glutathliene and another food
additive BH'T. The activity was also stronger than that
of Havone luteolin and flavonol quercetin L atechins
have been found to be the strongest antioxidants in
phvtachemicals {Salah et al., 1995). Dopamine had a
faster radhwal scavenging rate than catechin and was
similar to gallocatechun gallate, Ascorbic acid is the
strongesi wdter-soluble antioxidart. Dopamine exhib-
ed simiilar activity to ascorbic acid

DISCUSSION

The present study revealed that banana contained a
strong antioxidant. dopamine, in large amounts. The
antioxidative potency of dopamine was greater than that
al BHA, BHT. lavenoids, glutathione. and catechin, and
similar to that of the strong antioxidants gallocatechin
gallate and ascorbic acid (Figures 2C and 4), Bors er al.
11990 describes thar the strong acrivity requires an
a-dihydroxy (catechol) struetuwre. Dopamine, one of (he
ratechonlamines. has this structure, and its amino resi
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100+

80

Absorbance at 517 nm (% of 0 time)

0 02 04 06 08 I
Incubation time (min)

Figure 4. Scaverging activity of dopamine toward z 1.1-
diphenvl-2-picrylhylrasyl {DPPH) 1adical. Abbreviatinns: AsA.
asenrbic acid: GSH, glutathione reduced form: BHT. butylated
fivdroxytoluene; | th flavone luteolin; Qen, flavonol quercetin:
Cin. catechin: and:GCG. gallocatechin gallate

due facititares rhe hydrophilic character. Thus. dopa-
mine is a powerfyl water-sgluble antioxidant like ascur-
bic acid. Edible banana pulp contained dopamine and
ascarhic acid at Righ levels (Table 1), Banana is ther
lore ore of the bepst sources ol antioxidants.

The peel contained dopamine at the 10 mg level, and
the antiosidativg phvtochemicals Mavanoene glvooside
narmgin and flayenol glycoside ratin at the 10 my tevel
per 100 g at all ripening stages. Banana a toepical
plant. may protedt itself from the oxidative stress caused
by strong sunshine and high temperature by producing
lerge amounts ¢of antioxidants. A few milligrams of
dopamine existdd in the pulp at the stage that it s
usually eaten, Dopamine has been found to protect
aganst mtestm,ai mucosal injury by modulating ei
cosanoid svnthebis (MacNaughton and Wallace. 1989:
Afanko ot al. (992} Baneno may contribute to the
Antonflanenation

Dopamine is (an'-.ld( red to be casily absorbed through
d topanune rswsperter and used in the body lr‘\hl
Lyarzham et .11 1998)  Although dopamine plays im-
port it 10les .1‘-»: ¢ NUCrotransunites and preccrsay o
norepinephiics dnd epinephnine. e accumulation of the
axidized praducks of dopamine such as its gumone in
brain with age van vause neurocells to underge apop
tosis, a processpwhich is associated with Parkinsons
disease (Luo et lal, 1998 Cadet and Brannock, 1998}
It 15 a remaining questton whether a few milligrams of
dopamine in pllﬁ) has a tavorable or unfaverable effect
on human healgh,
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