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abstRact ResUMen

OxG hybrids are materials with characteristics notable for 
tolerance to pests and diseases, high quality oil and acceptable 
bunch production, but the physiological processes of growth 
and maturation of the fruits are not well known. For the two 
hybrid materials (coarí x La mé and sinú-coarí x La mé), the 
physiological and biochemical changes during the growth and 
maturation of the bunches were studied in san Alberto, cesar 
(colombia) with a climate of 2,497 mm/year precipitation and 
27°c. Female inflorescences in anthesis were selected and the 
changes in size, color, and oil content of the external, internal 
and red parthenocarpic fruits of the bunches were recorded 
from 98 days after anthesis (dAA). A completely random 
experimental design was used with five replications and 13 
sample dates. In hybrid coarí x La mé, 70% of the oil in the 
fruits accumulated between 98 and 126 dAA and reached the 
maximum at 168 dAA, while in hybrid sinú-coarí x La mé, 
more than 90% of the oil accumulated between 98 and 140 
dAA, also reaching the maximum at 168 dAA. The external, 
internal and red parthenocarpic fruits of the bunches reached 
the maximum percentages of oil/dry mesocarp at the same 
time (day). It is possible to estimate the percentage of oil/moist 
mesocarp based on the moisture percentage  of fresh fruits.

Los híbridos OxG son materiales con características notables 
de tolerancia a plagas y enfermedades, mejor calidad del aceite 
y aceptable producción de racimos, pero no se conoce muy 
bien el proceso fisiológico de crecimiento y maduración de los 
frutos. en dos materiales híbridos (coarí x La mé y sinú-coarí 
x La mé) se estudiaron en san Alberto, cesar (colombia) en 
un clima de 2.497 mm/año y 27°c, los cambios fisiológicos 
y bioquímicos durante el crecimiento y maduración de los 
racimos. se seleccionaron inflorescencias femeninas en ante-
sis y se registraron los cambios en tamaño, color y contenido 
de aceite de los frutos externos, internos y partenocárpicos 
rojos del racimo desde 98 días después de la antesis (ddA). se 
utilizó un diseño experimental completamente al azar, cinco 
repeticiones y 13 fechas de muestreo. en el hibrido coarí x La 
mé, el 70% del aceite en los frutos se acumuló entre 98 y 126 
ddA y alcanzó el máximo 168 ddA, mientras que en el híbrido 
sinú-coarí x La mé más del 90% del aceite se acumuló entre 
98 y 140 ddA alcanzando también el máximo 168 ddA. Los 
frutos externos, internos y partenocárpicos rojos del racimo 
alcanzaron al mismo tiempo el máximo porcentaje de aceite/
mesocarpio seco. es posible estimar el % de aceite/mesocarpio 
húmedo con base en el % de humedad de los frutos frescos.

Key words: oil palm, plant physiology, oil synthesis, harvest 
criteria.
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PosthaRvest PhYsIoloGY anD technoloGY 

Introduction

The OxG hybrids (Elaeis oleifera H.b.K. cortes x Elaeis 
guineensis Jacq.) are a valuable alternative for the produc-
tion of oil palm due to their tolerance to the pests and 
diseases that limit plantations, high bunch production 
and high quality oil (peláez et al., 2010); due to the high 
content of unsaturated fatty acids and appreciable contents 
of carotenes and vitamin e (Le Guen et al., 1993; rey et 
al., 2003; rey et al., 2004; rocha et al., 2006). One of the 
characteristics of OxG hybrid bunches is the presence of 

several parthenocarpic fruits in comparison to normal 
fruits. red parthenocarpic fruits have oil and color that 
are similar to those in normal fruits, while the white or 
abortive parthenocarpic fruits do not have oil or kernels 
(Yáñez et al., 2006). The changes of the lipids during the 
growth, maturation, postharvest and senescence of the 
fruits are significant in the oleaginous species, due to the 
acidic phenomenon that can be generated by commercial 
oils and fats that these crops produce (burton, 1982). In oil 
palm, the lipid content in the fruits changes considerably 
during maturation (corley and tinker, 2009), which means 
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that an understanding of the physiological and biochemical 
processes of maturation is of great importance to the im-
provement of harvested product quality and the prevention 
of high losses during production, storage, and commer-
cialization of the bunches (cayón, 1998). considering that 
these processes are still not completely known for the OxG 
hybrids, the aim of this study was to analyze the growth, 
development and maturation of the internal, external, and 
parthenocarpic bunch fruits in the OxG hybrid materials 
developed for Indupalma’s improvement program.

Materials and methods

This study was carried out in April and October of 2010 
on the plantation of Indupalma (san Alberto, cesar, co-
lombia), located at km 10 of the vía panamericana, in the 
town of san Alberto (cesar), at 125 m a.s.l., with a maxi-
mum temperature of 34°c and a minimum temperature of 
22°c, 72.3% rH, annual precipitation of 2,497 mm, annual 
evaporation of 1,208 mm and 2,130 h of sunshine/year, and 
agroecological conditions that correspond to a tropical 
moist Forest (tmF, espinal and montenegro, 1963, Hold-
ridge, 2000). two Indupalma OxG hybrid materials were 
analyzed: 1) hybrid A (coarí x La mé), 3 years of age and 
2) hybrid b (sinú coarí x La mé), 4 years of age. Female 
inflorescences in anthesis were pollinated and marked in 
accordance with the available vegetative material, 65 for 
hybrid A (five replicates for 13 samples) and 39 for hybrid 
b (three replications for 13 samples) with a completely 
random experimental design. every 14 d, from 14 to 175 
days after anthesis (dAA), five marked bunches for hybrid 
A and three for hybrid b were collected for the respective 
analyses of growth and development.

Dry weight and oil
The accumulation of dry weight (dW) was evaluated in 
each of the bunch components, taking samples of the ra-
chises, spikelets, and fruits from 14 to 84 dAA. From 98 
dAA until 175 dAA, the fruits were classified as external, 
internal or red parthenocarpic. In the external and internal 
fruits, the mesocarp was separated from the kernel, the dW 
of each component of the fruit was determined and the 
percentage of oil/fresh mesocarp, the percentage of oil/dry 
mesocarp, and the percentage of mesocarp moisture were 
calculated according to the nIFOr method for the analysis 
of bunches (corley and tinker, 2009). Harvesting of the 
bunches was done according to age and, before cutting the 
bunch, the number of loose and cracked fruits was recor-
ded. The harvest bunches were detached, the rachises were 
weighed, and then a random sample of 3,500 g of spikelets 

was taken; and finally the external, internal and partheno-
carpic fruits were separated, counted and weighed. For each 
group of obtained fruits, a random sample of 30 fruits was 
taken according to the recommendation of rao et al. (1983) 
and cIrAd (1980). In order to ensure that the fruit sample 
was representative, the following conditions of Yáñez et al. 
(2000, 2006) were followed: 

weight of sample fruits spikelets
–

weight of 30 fruit sample
≤ ± 0.5 g

number of sample fruit spikelets 30
 

(1)

The sample fruits were stripped to separate the mesocarp 
from the kernel, the kernels of each sample were weighed 
and the weight of the mesocarp was determined by the dif-
ference between the weight of the fruits and the weight of 
the kernels. Afterwards, samples of approximately 10 g were 
weighed out from the fresh mesocarp of external, internal 
and parthenocarpic fruits and dried in an electric oven at 
105º c for more than 6 h until constant weight (prada and 
romero, 2012). Oil was extracted by the soxhlet method 
from the dry mesocarp samples of external, internal and 
parthenocarpic fruits, using hexane as a solvent (prada 
and romero, 2012).

oil acidity
to determine acidity, the method based on the AOcs 
Official method was used, in which the free fatty acids are 
neutralized with sodium hydroxide and the quantity of 
sodium hydroxide used for the neutralization is propor-
tioned to the percentage of free fatty acids (FFA) present 
in the oil (prada and romero, 2012).

statistical analysis
For the quantitative variables, the percentage of oil in the 
mesocarp of external, internal, and parthenocarpic fruits 
and the percentage of oil in the bunches were determined 
with respect to an analysis of variance with a level of 
significance of P≤0.05. For the sample periods, the tukey 
(P≤0.05) comparison of means test was used and, to analyze 
the ratio between the percentage of oil in moist and dry 
mesocarp and the percentage of moist mesocarp, a lineal 
regression test was used. For all the statistical procedures, 
the statistical software sAs® v9.2 (sas Institute, cary, nc)
was employed.

Results and discussion

Dry weight and oil 
In the two hybrids, the accumulation curves of oil and dW 
during the development of the bunch (Fig. 1) were adjusted 

0_REV_AgroCOL+31(3).indb   344 29/01/14   13:22



345González G., Cayón S., López M., and Alarcón: Development and maturation of fruits of two Indupalma OxG hybrids (Elaeis oleifera x Elaeis guineensis)

to a polynomial model of growth with a initial logarithmic 
of slow growth (15 to 30 dAA for bunches and 112 to 140 
dAA for oil) followed by a exponential phase of progressive 
growth of dry weight (30 to 125 dAA for bunches and 140 
to 150 dAA for oil) evidenced by the slope of the curve and 
finally a lineal phase of accelerated and constant growth 
with stability in the slope of the curve (126 to 168 dAA 
for bunches and 140 to 178 dAA for oil) and a final initial 
phase of the senescence (175 dAA for bunches and 175 
dAA for oil). The physiological maturity of bunches occurs 
with the maximum accumulation of dW. In Hybrid A, the 
dry weight of bunches reached the maximum at 175 dAA, 
the rapid accumulation of oil in the fruits of the bunches 
started at 140 dAA and reached the maximum at 175 dAA, 
while in Hybrid b, the maximum dry weight of bunches 
was reached at 154 dAA, the rapid accumulation of oil in 
the fruits of the bunches started earlier (112 dAA) and also 
reached the maximum at 175 ddA. This growth model 
of the bunches also showed that the E. guineensis ténera 
material and some OxG hybrids presented a higher dW 
of the bunches at 112 dAA and a higher accumulation of 
oil in the bunches between 170 and 180 dAA (ruiz, 2005; 

suárez et al., preciado et al., 2011a, 2012).

accumulation of oil in the fruits
Figure 2 shows that, in both materials, between 98 and 
126 dAA, the percentage of oil/dry mesocarp (Odm) was 
higher in the internal fruits than in the external and par-
thenocarpic fruits, but from 140 dAA until 175 dAA, the 
Odm of the internal, external and parthenocarpic fruits 
did not differ significantly between the two hybrids. These 
results agree with other studies on oil palm (bealing, 1987; 
durán et al., 2004) and OxG hybrids (preciado et al., 2011a), 
where significant differences in the Odm of internal and 
external fruits of bunches were not found. The advantage 
of parthenocarpic fruits of the OxG hybrids is that they 
develop and mature like normal, fertile fruits but contain 
more oil due to their higher proportion of mesocarp which 
can reach 98% (bastidas et al., 2007; preciado et al., 2011a). 
The fruits of the OxG corpoica elmira hybrids have Odms 
from 52.3 to 75.8% when they are harvested between 150 
and 190 d after pollination (preciado et al., 2011b). 

The color change of the fruits during the final stages of 

fIGURe 1. Accumulation of dry matter and oil during the development of bunches in two Indupalma OxG hybrids.
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fIGURe 2. Accumulation of oil during the growth of external, internal and red parthenocarpic fruits of the bunches of two Indupalma OxG hybrids. 
Means with different letters indicate significant differences according to Tukey test (P≤0.05).
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fIGURe 3. Pigmentation changes during maturation of external, internal 
and red parthenocarpic fruits in Indupalma OxG hybrids.

maturation began between 98 and 112 dAA (Fig. 3). The 
reddish-orange pigmentation due to the carotenes present 
in the oil became apparent in both materials from 112 dAA 
in the internal fruits and from 126 dAA in the external and 
parthenocarpic fruits. suárez et al. (2012) also observed 
changes in the reddish-orange pigmentation in OxG hybrid 
fruits from 112 dAA, starting with the normal, internal 
fruits. rincón et al. (2013) observed that the dark orange 
color at ripening was homogeneous on the exocarp of all 
fruits. Hormaza et al. (2011) reported that the progress of 
maturation of the fruits in the spikelets of OxG hybrids 
presented acropetal forms while, in E. guineensis materials, 
they were basipetal. 

Figure 4 demonstrates that the parthenocarpic fruits of 
the bunches contained a higher percentage of oil than the 
normal fruits (internal and external). based on this, Fig. 5 
highlights the contribution of red parthenocarpic fruits 
to the percentage of oil in the bunches of the two hybrids. 
In the bunches of these hybrids, the parthenocarpic fruits 
had a higher quality than the external and internal fruits 
(considered normal fruit) and so contributed more oil to 
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fIGURe 5. Oil contribution (%) of external, internal and red parthenocarpic fruits to the bunches in two Indupalma OxG hybrids.
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the bunches than normal, external and internal fruits (35% 
in hybrid A and 42% in hybrid b). bealing (1987) demon-
strated that the oil content of external and internal fruits of 
the spikelets of mature bunches is similar and that all fruits 
reached physiological maturity (maximum oil content) at 
the same time.

oil/bunch, loose and cracked fruits
Figure 6 presents the ratio between the total oil content 
in the bunches, expressed as the weighted average of the 
percentage of oil/dry mesocarp of the bunches, in the dry 
mesocarp of the external, internal, and parthenocarpic 
fruits and the average number of loose and cracked fruits 
during the final maturation period of the bunches. In both 
hybrids, the oil/bunch content increased at a high rate 
between 98 and 126 dAA and at a moderate rate between 
126 and 175 dAA when the bunches reached physiological 
maturity. The phenomenon of fruit cracking in the bun-
ches was seen from 140 dAA in Hybrid b and from 168 
dAA in Hybrid A, and increased at a constant rate until 
175 dAA when more than 15 cracked fruits per bunch 
were observed. The detachment or natural abscission of 

the fruits started towards 154 dAA and increased to more 
than 20 loose fruits per bunch at 175 dAA. At the time of 
harvest of the bunches (175 dAA), no significant differences 
were registered between the two hybrids for the number of 
loose fruits (24 and 27) or for the number of cracked fruits 
(17 and 20). In the two hybrids, there were no significant 
differences in the percentage of oil/dry mesocarp of the 
bunches between 168 and 175 dAA, however, the number 
of loose fruits was considerably higher in this last period. 
prada et al. (2011), in E. guineensis, found that it takes 
between 140 and 154 dAA to have bunches ready to har-
vest, while rincón et al. (2013) found it takes 191 dAA to 
harvest E. oleifera x E. guineensis in colombia. Therefore, 
the interspecific hybrid OxG takes longer to have bunches 
ready to harvest, an important criterion for an oil palm 
OxG commercial plantation. In E. guineensis, the change 
in color from black to orange on the fruits and the number 
of loose fruits were observed as indicators of maturation, 
so these two criteria are used as harvest criteria (taillez et 
al., 1993; corley and tinker, 2009). OxG hybrid recently, 
in OxG hybrids, it was observed that the fruits in early 
stages exhibited an intense green color and then turned 
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from a yellow-light orange to dark orange (rincón et al., 
2013). However, in the OxG hybrids, fruit detachment is 
not always an indicator of bunch maturation, however, fruit 
cracking has been observed to coincide with maturation 
(Gómez and silva, 2010; suárez et al., 2012).

oil acidity
Oil acidity (FFA) of the two hybrids was low from 140 until 
168 dAA and although it slightly increased to 175 dAA 
(1.35 in hybrid A and 1.2 in hybrid b), the values were below 
that required by plant extractors (Fig. 7). since the fruits 
of the OxG hybrids remain attached to the bunch spines 
for a longer time and because the more unsaturated oil has 
less acidity, the bunches can maintain longer after being 
cut, which permits the establishment of harvest cycles of 
21 d year round (Amblard et al., 2000). Therefore, it would 
be more convenient to apply to the hybrids, as the harvest 
criteria, the presence of cracked fruits per bunch rather 
than their detachment, as proposed by Gómez and silva 
(2010). nevertheless, it is important to take into account 
that one standard of maturation does not exist for all cir-
cumstances and, even on a single farm, it is necessary to 
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fIGURe 6. Ratio between oil in the mesocarp (%) and the number of loosed and cracked fruits of the bunches in two Indupalma OxG hybrids. Means 
with different letters indicate significant differences according to Tukey test (P≤0.05).

make adjustments in accordance with the topography and 
climatic conditions (toong and Yeang, 1993).

correlation between moisture and oil 
in the mesocarp of the fruit
High coefficients of determination (R2>0.95) were found 
for the correlation between the percentage of moisture in 
the mesocarp and the percentage of oil in moist mesocarp, 
both for hybrid A and hybrid b (Fig. 8). since a lineal re-
lationship exists between the content of moisture and oil 
in the mesocarp of the fruits and because one can assume 
that the amount of fiber in the mesocarp is constant for 
each genotype, it is possible to estimate the content of 
oil/moist mesocarp indirectly based on the content of 
moisture of the fresh fruits. With the lineal regression 
equations generated for the two hybrids in this study, one 
can estimate the content of oil in the mesocarp using the 
following formula:

% of oil in moist mesocarp  = – 0.95 × % mesocarp moisture + 82.4 (2)

Yañez et al. (2000) proposed the use of an indirect method 
for estimating the content of oil in the fruits for monitoring 
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fIGURe 7. Ratio between oil in mesocarp (%) and acidity (FFA) in two Indupalma OxG hybrids. Means with different letters indicate significant diffe-
rences according to Tukey test (P≤0.05).
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fIGURe 8. Lineal regression between moisture and oil of the mesocarp of the fruits of two Indupalma OxG hybrids.
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the maturation state of the bunches at the entrance of plant 
extractors, with which soxhlet extraction in a laboratory 
would not be necessary.

conclusions

The harvest criterion for Hybrid A is the presence of at 
least 5 loose fruits or 7 cracked fruits when the bunch has 
around 168 dAA.

The harvest criterion for hybrid b is the presence of at least 
4 loose fruits or 18 cracked fruits when the bunch has ap-
proximately 168 dAA.

It is possible to estimate the percentage of oil/moist meso-
carp based on the percentage of moisture of the fresh fruits.
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