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Abstract
This study is done to determine the biochemical characteristics of coconut haustorium during germination in
order to propose ways of increasing their commercial value. The Malaysia Yellow Dwarf (MYD) cultivar was used
for this study. The coconut were stored during one month before putting in seedbed at the nursey.At2 and 4
months of germination, biochemical analyses were made on coconut haustorium. The results showed that the oil
content fluctuate from 12.90% to 37.30% when the protein content vary from 11.25% to 13.74%. The mainly
soluble sugar was sucrose, fructose and glucose with the values of 45.07%, 28.37 % and 25.63% respectively at 4
month of germination. Phosphorus (14.89%) and potassium (26.01%) are the most important minerals of coconut
haustorium. The high soluble sugar content of coconut haustorium gives it to be a good source of sugars including
sucrose, fructose and glucose. The haustorium is also rich in phosphorus and potassium can be used as an
additive in food for children suffering from mineral deficiencies.
* Corresponding

Roger et al.

Author: Konan Brou Roger  rogerkonan022002@yahoo.fr

Page

17

Int. J. Agron. Agri. R.
Introduction

Material and methods

The coconut tree (Cocos nucifera L.) is an oil

Plant material

producing and lasting plant cultivated in more than

This study used mature nuts of 14 months (rank 26)

90 countries over 12 million hectare. It plays

of the Malaysia Yellow Dwarf (MYD) cultivar. The

fundament al socio economic role in the whole

nuts were harvested from mature trees aged of 25

intertropical humid zone, by bringing incomes to

years. This Dwarf variety is the most cultivated in

millions of farmers. About 10 million families, who in
majority are exploiting village farms, they draw their
resources from speculation in connecting with
nuciculture (Moore and Batugal, 2004). Coconut also
provides essential materials in diverse field, such as
feeding, the craft industry, the cosmetic industry and
health. (Van der Vossen and Chipunga-helo, 2007).
This plant firstly know for coconut oil production is
also

known

for

its

water

which

nutritive

characteristics, make it one of the most nutrient
inputs used in infant nutrition (Bachrach and
Gardner, 2002; cutting, 1986), but also in area of in

Ivory Coast. This material was collected at Marc
Delorme research Station of the National Agronomic
Research Centre (CNRA), located in Port Bouet,
Ivory Coast.
Sampling
Fight coconut trees from the Malaysia Yellow Dwarf
(MYD) cultivar were selected and divided in 2 sets of
4 coconut trees each. Each set represents a
repetition. They are composed of 4 bunches of
mature nuts from 14 months (Rank 26). Over each

vitro culture of plants (Sarawut et al., 2003). The

bunch, seven nuts were selected. This makes a total

Ivorian coconut plantation covers an area of 50 000

of 28 nuts per set (Fig. 3). The 56 nuts were stored a

ha of which 95% is located on the coast where it

month before being put in a seedbed at the nursery

represent the main cash crop for majority farmers

at the ambient temperature. At 2 and 4 months of

(Konan et al., 2006). In this area, the coconut tree is

germinations, analyses were conducted on the over

especially valued by its nuts. On-farm, mature nuts

the haustorium nuts. The haustorium sample (Fig.

are often sold as is. There are some villagers who

2) representative of each batch was composed of 10

produce oil for the marketing and consumption (Assa

germinated nuts (Fig. 1).

et al., 2006). Besides, many germinated nuts are
abandoned in plantation by producers, pretexting

Determination of physicochemical parameters

they cannot be valued. This is engendering lost of

Haustorium weight was measured using a 1/100

income for farmers. Thus, during the coconut

precision scale (Sartorius).The haustorium’s dry

germination, the distal part of the embryo increases

matter content (% MS) was determined through

to create a haustorium which increases extensively

Lyophilisation at -60°C, under a pressure of 8

during the almond progressively disappears in the
nuts. This expansion continues until the haustorium
completely fills the coconut. Moreover, previous
studies

on

coconut

haustorium

during

the

germination were made over sugar metabolism of
sugars in the haustorium from the seedling growth

millibars during 72 hours (BIPEA, 1976). The lipid
contents were obtained by the Soxshlet method
(AFNOR, 1973). The amounts of total and reducing
sugar were evaluated respectively with the Sulphuric
phenol method (Dubois et al., 1956) and with the 3.5

in

dinitro-salicylic acid (DNS) methods (Bernfeld, 1955)

1990).

by using a Spectrophotometer (Spectronic Genesis 5).

However, there is no work on the biochemical

The amount of protein was determinate by the

parameters of haustorium during the germination of

Kjeldhal method (AOAC, 2000). The qualitative and

the cultivars popularized in Ivory Coast. For this

quantitative analysis of different minerals was

reason, we decided to study the biochemical

performed using a microanalyzer (CNIB OXFORD

parameters of the coconuts haustorium during

instruments)

germination, in order to determine parameters

spectrometer (EDS).

and

function

haustorium

of

endogenous

(Murakami

and

gibberellins
Sugimura,

which

is

an

energy

distribution

enhancing its value.
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The qualitative and quantitative analysis of different

Sugar chromatographic profile

soluble

High

In coconut haustorium, the main soluble sugars

Performance Liquid Chromatography (Dionex Corp.,

during germination are fructose, glucose and sucrose

Sunnyvale, USA) equipped with a column Carbopac

(Fig. 7).

sugars

was

performed

using

a

MA-1 and a pulsed amperometric detector ED40.
At 2 months of germination, the glucose proportion
Statistical analysis

was 16.61%. Then, it has increased statistically at 4

The data were subject to an analysis of variance

months of germination to the value of 25.63%. As

(ANOVA) using the software SPSS 16.0 for windows.

well, from 2 to 4 months of germination, the sucrose

Mean and standard deviations were calculated and,

proportion has statistically decreased from 57.93% to

when F values were significant at the p < 0.05 level,

45.07%.

the mean difference was separated using the Newman
Keul’s test.
Results
Physicochemical composition
The analysis of variance showed a significant
difference for the majority parameters measured.

Fig. 2. The haustorium of MYD.
However, the myo-inositol and fructose proportion of
haustorium coconut is statistically the same during
germination. Thus, the values were respectively of
0.89% and 0.93%; 24.57% of 28.37% at 2 and 4
months of germination.

Fig. 1. The germinated nut of MYD.
Thus, From 2 to 4 months of germination, the weight
of the coconuts haustoium increased statically from
20.98g to 88.47g (Fig. 4). The dry matter, lipid and

Minerals chromatographic profile
The analysis of variance showed a significant
difference for all minerals determinate.
Potassium (K) and phosphorus (P) were the most
profuse in haustorium during germination (Fig. 8).

protein content statistically increased from 17.29% to
24.23%; 12.90% to 37.30% and 11.25% to 13.74%

From 2 and 4 months of germination, the sodium,

respectively at 2 and 4 months of germination (Fig. 5).

sulfur and potassium proportion has statistically

The reducing sugar content of the haustorium
coconut has statistically increased from 9.94 mg/ml
(2 months of germination) to 16.89 mg/ml (4 months
of germination), excepted total sugars with values
ranging from 40.03 mg/mL to 45.99 mg/mL (Fig. 6).

Roger et al.

increased respectively from 9.32% to 12.79%; 2.20%
to 3.48% and 4.003% to 5.93%.Nevertheless, at 2
months

of

phosphorus

germination,
proportion

the

potassium

statistically

and

decreased

respectively from 36.77% and 23.96% to reach 26.01%
and

14.89%

at

4

months

of

germination.
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Fig. 3. Sampling method for coconuts.

Fig. 4. Variation of weight haustorium coconut of MYD cultivar during germination.
Discussion
The result

increases to form the haustorium, which stays inside
shows an increase of the weight

the nut, and develop itself by digesting the almond.

haustorium during the germination. In fact, during

These results corroborate those of Sugimura and

the coconut germination the distal part of the embryo

Murakami (1990).
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The dry matter content of the haustorium coconuts

compared to the kernel (Van der Vossen and

during germination is very low. This low dry matter is

chipungahelo, 2007).

due to its high water content. Indeed, during the
development of the haustorium, half reduce the

The lipid content increase in haustorium coconut

coconut water, and haustorium enlarges itself inside

during germination. This increase is due to the

the nut. Then, all the water disappears and the

almond lipids absorption by haustorium. During the

haustorium filled the nut cavity (Samonte et al.,1989).

germination, lipids migrate from outer part of the

Besides, the haustorium is sometimes called "apple"

almond to the haustorium by the inner part of the

in Asian countries because of high water content

almond.

Fig. 5. Variation of dry matter (DM), lipid and protein contents of haustorium coconut of MYD cultivar during
germination.

Fig. 6. Variation of total sugar (TS) and reducing sugar (RS) contents of haustorium coconut of MYD cultivar
during germination.
The lipid content increases in the haustorium

and the roots (Balachandran and Arumughan, 1995a).

proceeds from the almond. Thus, the almond lipids

Thus, during germination, the kernel lipids are

are absorbed by the haustorium and are stored in its

hydrolysed by haustorium lipases (Balachandran and

external part. They are then transformed into sugar

Arumughan, 1995b).

by glyoxylate cycle to provide energy to the seedling

Roger et al.
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These results also corroborate those of Davies (1983); Oo

The lipid contents present in the haustorium are

and Stumpf (1983) and Villalobos et al., (2001).

lower than those present in the kernel coconut

Therefore, the haustorium is biochemically an active

(Konan et al., 2009). This difference is due to the fact

tissue able to synthesize the enzymes for the lipids
metabolism during coconut germination. It also plays an
important role in the glyoxylate cycle during the coconut
germination. Thus, the entire process of germination is

that major components of the kernel coconuts are
sugars and fats. These results corroborate those of
Santoso et al., (1996).

therefore facilitated by the effective participation of
coconut water, almond, the embryo and haustorium
(Balachandran and Arumughan 1995b).

Fig. 7. Variation of soluble sugar proportions of haustorium coconut of MYD cultivar during germination.
Mec while, the lipid contents of the haustorium can

The chromatographic profil of the soluble sugar of

be compared to those of the soybean seed, and

haustorium revealed that the main sugar is

Hylocereus, which are respectively 21% (Daydé et al.,

sucrose, glucose and fructose. However, during

2002) and 32% (Abdul et al., 2009).

germination, these sugars increase in haustorium

The protein contents of the haustorium increased

except sucrose. Those results are in congruence

during germination. These results are similar to those

with those of Murakami and Sugimura (1990).

Yamaoka et al., (1994). Garcia et al., (1991). These

According to them, sucrose is used to provide

authors

proteolytic

energy to the seedling causing its decline in the

enzymes in the degradation and accumulation of

haustorium. The haustorium is particularly the

protein in germination seeds cotyledon. However, the

storage and absorption organ, which provides the

proteins

seedling the products of the almond’s hydrolysis

showed

the

contents

implication

of

of

haustorium

are

low

comparatively to those of kernel coconut obtained
during germination. Nevertheless, these proteins
contents are comparable to those of the safou (Silou
et al., 1999b). Besides, the proteins contents of
haustorium are higher than those of giginya, while

before the young seedling be able to develop
through photosynthesis. The results obtained have
also show the increase of reducing sugars content
in the haustorium during germination. In fact,

copra and akpi which are respectively 0.18%

during the coconut’s germination, the enzymatic

(Barminas et al., 2008); 5.72% (Marikkar et al.,

activities take place in coconut water and in the

2009) and 8.86% (Tchiegang et al., 1997).

haustorium.
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Fig. 8. Variation of mineral proportion of haustorium coconut of MYD cultivar during germination.
The strong enzymatic activities explain the major

Conclusion

drop of polysaccharides both in the almond and in the

The mainly haustorium soluble sugar are glucose,

haustorium during germination. This decrease is

fructose and sucrose. Phosphorus and potassium are the

followed by the decrease of total and reducing sugars

most predominant minerals of the haustorium coconut.

in the kernel and an increase of reducing sugars in the

The high content of soluble sugar of the haustorium
coconut grants is to be a good source of sugar. The

haustorium (Samonte et al., 1989).
This

observation

confirms

haustorium coconut is also rich in phosphorus and
the

works

of

Balasubramaniam et al., (1973) which showed that
the coconut only depends of the carbohydrate
reserves

during

germination.

The

works

of

potassium can be used as an additive in food for children
suffering from minerals deficiencies.
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