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In vitro digestibility of products from coconut (Cocos nucifera L.)
endosperm for fattening pigs. Technical note

Digestibilidad in vitro de productos del endospermo del coco (Cocos
nucifera L.) para el engorde de ganado porcino. Nota técnica

J. Ly'?, J.L. Reyes?, R. Arias?, Y. Caro!, Lazara Ayala', F. Grageola® and Martha Duran*

nstituto de Ciencia Animal, Apartado Postal 24, San José de las Lajas, La Habana, Cuba
’Instituto de Investigaciones Porcinas, Punta Brava, La Habana, Cuba
$Unidad Académica de Medicina Veterinaria y Zootecnia. Universidad Autonoma de Nayarit. Compostela, Nayarit, México
‘Sociedad Cubana de Porcicultores, Guantanamo, Cuba
Email: fgrageola@uan.edu.mx

In vitro digestibility (pepsin/pancreatin) of dry matter, organic
matter and nitrogen was studied in 15 samples of endosperm of
coconut (Cocos nucifera L.), defatted or not, grated in natura, from
Artemisa, Mayabeque and Havana, provinces from the West of Cuba.
A completely randomized design was applied, in a 2 x 3 factorial
arrangement with five repetitions. With defatting, a significant
decrease or increase (P <0.05) in the concentration of organic matter
or nitrogen was determined, without effect of the place of origin.
Nitrogen content of the endosperm without defatting or defatted was
1.01 and 3.40 % on dry basis, respectively. There was no significant
effect (P> 0.05) of defatting nor of the origin of the stocking in in
vitro digestibility of dry matter, organic matter and nitrogen, with
values of 48.7, 44.5 and 57.7 %, respectively. It is suggested that
supplying endosperm of coconut tree, milled and in natura to pigs
may be considerably useful as an energy and protein source, due to
its ileal digestibility.

Key words: pigs, nutritional value, digestion, nitrogen, organic
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Coconut tree (Cocos nucifera L.), one of the trees
of Arecaceae family, is probably one of the first plants
domesticated by humans. Its culture is currently
developed in various tropical regions (Johnson 1995
and Ly et al. 2005). The fruit of this palm, which is
the coconut, originates different products that are
often used in industry, or in human food and farm
animals.

Although there is sufficient literature on the use of
coconut tree products for feeding pigs (Ly et al. 2005
and Stein ef al. 2015), its use in pig nutrition is still
an important subject. There are several recent reports
that deal with this matter (Février et al. 2001, Siebra et
al. 2008, Sulabo et al, 2013, Jaworski et al., 2014 and
Son et al. 2014). In Cuba, although there are coconut
plantations in different parts of the archipelago (Pérez
et al. 2001), coconut production is concentrated in
Baracoa and Maisi municipalities, in Guantanamo
province (Alvarado ef al. 2013). Harvesting this fruit
may generate different products, by-products or co-
products that can be used for fattening pigs and which
generally result from agreements established between
pig farmers and Cuban state companies.

Se estudio la digestibilidad in vitro (pepsina/pancreatina) de materia
seca, materia organica y nitrogeno en 15 muestras de endospermo
de coco (Cocos nucifera L.), desgrasado o no, rallado in natura,
proveniente de Artemisa, Mayabeque y La Habana, provincias del
occidente de Cuba. Se aplic un disefio completamente aleatorizado
en arreglo factorial 2 x 3 con cinco repeticiones. Con el desgrase se
determind una disminucidén o aumento significativos (P < 0.05) en
la concentracion de la materia organica o del nitrogeno, sin efecto
del lugar de origen. El contenido de nitrégeno del endospermo
sin desgrasar o desgrasado fue de 1.01 y 3.40 % en base seca,
respectivamente. No hubo efecto significativo (P > 0.05) del
desgrasado ni del origen del acopio en la digestibilidad in vitro
de MS, materia orgénica y nitrogeno, con valores de 48.7, 44.5 y
57.7 %, respectivamente. Se sugiere que suministrar el endospermo
del coco, molido e in natura a cerdos puede ser de utilidad
considerable como fuente energética y proteica, debido a su
digestibilidad ileal.

Palabras clave: cerdos, valor nutritivo, digestion, nitrégeno, materia
organica

El cocotero (Cocos nucifera L.), uno de los arboles
de la familia de las arecaceas, es probablemente una de
las primeras plantas domesticadas por el hombre. Su
cultivo se desarrolla actualmente en diversas regiones
tropicales (Johnson 1995 y Ly ef al. 2005). Del fruto
de esta palmera, que es el coco, se originan distintos
productos que suelen utilizarse en la industria, o en la
alimentacion humana y de animales de granja.

Si bien se dispone de suficiente literatura acerca del
uso de los productos de coco para la alimentacion de
cerdos (Ly et al. 2005 y Stein et al. 2015), su uso en la
nutricion porcina sigue siendo hoy objeto de interés.
Son varios los informes que recientemente abordan esta
tematica (Février et al. 2001, Siebra ef al. 2008, Sulabo
et al. 2013, Jaworski et al. 2014 y Son et al. 2014).
En Cuba, aunque existen plantaciones de cocoteros en
distintas partes del archipiélago (Pérez et al. 2001), la
produccién de cocos se concentra en los municipios de
Baracoa y Maisi, en la provincia oriental de Guantanamo
(Alvarado et al. 2013). El acopio de este fruto puede
generar distintos productos, subproductos o coproductos
que pueden ser utilizados en el engorde de cerdos y que
resultan generalmente de convenios establecidos entre



472

Although some evaluations have been carried out
in Cuba about nutritional value of coconut endosperm
in materials in the shape of meal (Ly et al. 1999 and
Ly and Delgado 2009), it is unknown whether drying
process could modify digestibility indexes because of
undesirable reactions like those of Maillard. In addition,
drying up increases the price of the process of using
coconuts in pig feeding, and is not very common practice
among Cuban farmers. The objective of this study was to
present data related to the nutritional value of products
from coconut endosperm, in natura, measured by in
vitro digestibility technique simulating ileal digestion in
pigs.

Dry coconuts were collected by acquiring fruits
from local markets, from Artemisa, Mayabeque and
Havana provinces, Cuba. Markets and fruits destined
for human consumption were selected at random.
Coconuts came from palm trees, grown in the provinces
cited before. The cultivated variety was not identified.
The endosperm of coconuts was separated from the
fruit to constitute one sample per market and five
markets were chosen per province, with the purpose
of evaluating 15 samples in total. The endosperm was
manually chopped and grated in natura, to make in vitro
digestibility tests (pepsin/pancreatin) in quadruplicate,
with the use of the technique recommended by
Dierick et al. (1985). Half of that endosperm was
used intact, and the other half was placed in a Soxhlet
apparatus to be defatted with petroleum ether (fraction
40/60 °C). Analytical determinations of DM, ash and
N were carried out according to recognized procedures
(AOAC 2016). Organic matter was determined as the
result of subtracting the ash percent from 100. Casein,
with purity degree for analysis, was used as reference
standard substance.

Data were processed according to a completely
randomized design, in a 2x3 factorial arrangement, with
five repetitions per origin (Steel e al. 1997). Factors were
defatting or not the samples and the origin or province
where the fruits were collected. Data was processed
using the statistical package MINITAB (2014).

There was no significant interaction (P <0.05) among
the analyzed factors. Defatting determined significant
decrease or increase (P <0.05) in the concentration
of organic matter or N (table 1), without effect of the
place of origin. It was verified that N content was
considerable in defatted endosperm, in agreement
with data from other contemporary studies (Stein et al.
2015). In the coconut endosperms used by Sulabo et
al. (2013) and Son et al. (2014), total N reached 3.79
and 3.60 % respectively, values that exceeded what
was obtained in this study. This may be due to the fact
that in the aforementioned research, fruits from trees
grown under more favorable conditions than those from
Cuba have been used.

Table 2 shows the values corresponding to in vitro
determinations (pepsin/pancreatin) of the digestibility
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porcicultores y empresas estatales cubanas.

Aunque en Cuba se han hecho algunas evaluaciones
sobre el valor nutritivo de endospermo del coco en
materiales en forma de harina (Ly ef al. 1999 y Ly y
Delgado 2009), se desconoce si el proceso de secado
pudiera modificar los indices de digestibilidad, por causa
de reacciones no deseables como las de Maillard. Ademas,
secar encarece el proceso de utilizacion de los cocos en
la alimentacion porcina, y no es practica muy habitual
entre los campesinos cubanos. El objetivo de este trabajo
es presentar datos relacionados con el valor nutritivo de
productos del endospermo del coco, in natura, medidos
por la técnica de digestibilidad in vitro simulando la
digestion ileal en el cerdo.

Se acopiaron cocos secos mediante la adquisicion de
frutas de mercados locales, provenientes de las provincias
cubanas de Artemisa, Mayabeque y La Habana. Los
mercados y las frutas destinadas al consumo humano se
seleccionaron al azar. Los cocos procedian de palmeras,
cultivadas en las provincias citadas. La variedad cultivada
no se identifico. El endospermo de los cocos se separo del
resto de la fruta para constituir una muestra por mercado
y se escogieron cinco mercados por provincia, con el
propdsito de evaluar 15 muestras en total. El endospermo
se troced y se rallo in natura, manualmente, para hacer
ensayos de digestibilidad in vitro (pepsina/pancreatina)
por cuadruplicado, con el uso de la técnica recomendada
por Dierick et al. (1985). La mitad de ese endospermo
se us6 intacto, y la otra mitad se colocd en un aparato
Soxhlet para ser desgrasado con éter de petroleo (fraccion
40/60°C). Las determinaciones analiticas de MS, cenizas
y N se llevaron a cabo segtin procedimientos reconocidos
(AOAC 2016). Se determin6 la materia organica como
el resultado de restar el por ciento de ceniza de 100. La
caseina de grado analitico se us6 como sustancia patron
de referencia.

Los datos se procesaron segtin disefio completamente
aleatorizado, en arreglo factorial 2x3, con cinco
repeticiones por origen (Steel ef al. 1997). Los factores
fueron desgrasar o no las muestras y el origen o provincia
donde las frutas se acopiaron. Los datos se procesaron
mediante el paquete estadistico MINITAB (2014).

No se encontro interaccion significativa (P > 0.05)
entre los factores analizados. Desgrasar determind
disminuciéon o aumento significativo (P < 0.05) en la
concentracion de la materia organica o del N (tabla
1), sin efecto del lugar de origen. Se comprob6 que
el contenido de N fue considerable en el endospermo
desgrasado, en concordancia con datos de otros estudios
contemporaneos (Stein et al. 2015). En los endospermos
de coco usados por Sulabo et al. (2013) y Son et al.
(2014), el N total alcanz6 3.79y 3.60 % respectivamente,
valores que superaron lo obtenido en este estudio. Esto
puede obedecer a que en las investigaciones citadas se
hayan utilizado frutas provenientes de arboles cultivados
en condiciones mas favorables que las de Cuba.

Enlatabla 2 se muestran los valores correspondientes
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Table 1. Chemical composition of coconut endosperms! (in per cent, dry basis)

Indicator Dry matter Organic matter Nitrogen
Endosperm

Without defatting 45.4 88.8 1.01
Deffated 52.8 84.1 3.40
SE + 3.3 2.1 0.56
P 0.056 0.035 0.045
Province

Artemisa 43.3 89.7 2.52
Mayabeque 54.0 85.0 2.16
La Habana 50.0 85.3 1.83
SE + 4.7 2.4 0.41
P 0.344 0.374 0.055

!'In natura, ground (n = 15 endosperm samples)

of coconut endosperm. The test with casein, incubated
in the same experimental conditions, indicated
digestibility values of DM, organic matter and N of
98.5, 99.0 and 97.1 %, respectively. There was no
significant effect (P> 0.05) of defatting nor of the
origin of the gathering in the in vitro digestibility of
DM, organic matter and N, with mean values of 48.7,
44.5 and 57.7 %, respectively.

Results of in vitro tests of this study coincide with
data of in vitro ileal digestibility reported by Ly et al.

a las determinaciones in vitro (pepsina/pancreatina) de
la digestibilidad del endospermo del coco. La prueba
con caseina incubada en las mismas condiciones
experimentales indicé valores de digestibilidad de
MS, materia organica y N de 98.5, 99.0 y 97.1%,
respectivamente. No hubo efecto significativo (P>0.05)
del desgrasado ni del origen del acopio en la digestibilidad
in vitro de MS, materia organica y N, con valores
promedio de 48.7, 44.5 y 57.7 %, respectivamente.
Los resultados de las pruebas in vitro de este estudio

Table 2. in vitro digestibility (pepsin/pancreatine) of coconut endosperms!

(in per cent)

Indicator Dry matter Organic matter ~ Nitrogen
Endosperm

Without defatting 50.8 45.6 58.8
Defatted 46.5 43.5 56.5
SE + 2.0 1.1 1.8

P 0.654 0.625 0.656
Province

Artemisa 49.4 443 57.5
Mayabeque 47.8 443 56.9
La Habana 494 45.1 58.6
SE + 2.9 2.7 2.2

P 0.555 0.687 0.565
Casein? 98.5 99.0 97.1

'In natura, ground (n = 15 endosperm samples)
2Reference pattern. Means of four determinations

(1999). They suggest that there are no undesirable
consequences in ileal digestibility of N due to the
presence of the lipid fraction of coconut endosperm.
They also indicate that fiber fraction of this endosperm
could reduce N digestibility, under in vitro and in vivo
conditions. This is due, among other reasons, to the fact
that part of N is linked to fiber, as in the case of royal
palm nuts (Ly et al. 2015).

coinciden con los datos de digestibilidad ileal in vitro
informados por Ly ef al. (1999). Sugieren que no hay
consecuencias indeseables en la digestibilidad ileal del
N por la presencia de la fraccion lipidica del endospermo
del coco. Ademas indican que la fraccion fibrosa de este
endospermo si pudiera hacer disminuir la digestibilidad
del N, in vitro e in vivo. Ello obedece, entre otras razones,
a que parte del N esta ligado a la fibra, como ocurre con
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In correspondence with the above, Sulabo et al.
(2013) found that, under in vivo conditions, apparent
ileal digestibility of N of copra meal (69.8 %) was
lower than that of soybean meal, (80.9 %), which was
attributed to the negative influence of NDF content of
coconut endosperm in digestive processes, as reported
by Février ef al. (2001) and Son et al. (2014). The
magnitude of this effect was not evaluated in this
analysis. It is likely that the treatment with fibrolytic
enzymes contributes to improve the nutritional value
of this food resource, as Masey O'Neill et al. (2014).
Even so, in vitro ileal digestibility indexes of coconut
endosperm are not insignificant in absolute values and
their use in pig feeding is recommended, as indicated
by Stein et al. (2015).

It is concluded that coconut endosperm, provided to
pigs in ground shape and in natura, may considerably
useful as an energy and protein source, due to its ileal
digestibility.
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el palmiche (Ly et al. 2015).

En correspondencia con lo anterior, Sulabo ez al. (2013)
hallaron que, en condiciones in vivo, la digestibilidad ileal
aparente del N de harina de copra (69.8 %) fue menor que
la de la harina de soya, (80.9 %), lo que se atribuy¢ a la
influencia negativa del contenido de FDN del endospermo
del coco en los procesos digestivos, como refieren los
informes de Février et al. (2001) y Son ef al. (2014). La
magnitud de este efecto no se evalud en este analisis.
Es probable que el tratamiento con enzimas fibroliticas
contribuya a mejorar el valor nutritivo de este recurso
alimentario, como lo han demostrado Masey O’Neill et al.
(2014). Atn asi, los indices de digestibilidad ileal in vitro
del endospermo del coco no son despreciables en valores
absolutos y se aconseja su utilizacion en la alimentacion
del cerdo, como lo ha indicado Stein ef al. (2015).

Se concluye que el endospermo del coco, suministrado
a cerdos en forma molida e in natura, puede ser de
utilidad considerable como fuente energética y proteica,
debido a su digestibilidad ileal.
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