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VARIATIONS IN FATTY ACID PROFILES, OIL
AND MOISTURE CONTENT DURING FRUIT
RIPENING IN OIL PALM CROSSES GROWN IN

INDIA UNDER SUB-TROPICAL ENVIRONMENT
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ABSTRACT
During fruit ripening, a sequence of physical and chemical transformations takes place in oil palm fruits.
The study elucidated variations in fruit weight, oil content in mesocarp and fatty acid profiles during fruit
ripening at 12, 14, 16, 18, 20 weeks after anthesis (WAA) of four commercial oil palm crosses viz., United
Plantations (UP), Deli x Nigeria (DxN), Palode and Deli x Ghana (DxG) under sub-tropical environment.
Fruit weight (5.4 ¢-10.6 g) and oil content (22.6%-79.9%) in crosses increased from 12-20 WAA. The
ideal time of harvest was at 20 WAA, which coincided with highest oil content. The moisture content in
mesocarp decreased as fruit ripened. Six fatty acid profiles viz., myristic (0.5%-2.1%), palmitic (31.1%-
45.1%), stearic (2.8%-5.1%), oleic (19.1%-43.1%), linoleic (8.7%-32.4%) and linolenic (0.4%-10.4%)
were identified by standardising gas chromatograph parameters. Monounsaturated fatty acids (MUFA) and
saturated fatty (SFA) acids increased in all crosses as fruits ripened from 12-20 WAA, while polyunsaturated
fatty acids decreased during ripening. Monounsaturated and polyunsaturated fatty acids were highest in

DxG cross, indicating its better oil quality. Variations in fatty acid profiles of oil palm crosses can be utilised

for developing palms with superior oil quality.
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INTRODUCTION

Oil palm is an introduced crop in India, which is
known for high oil yield (4-6 t oil ha™ yr™). Various
committees constituted by the government of India
have identified an area of 1.933 million hectares as
potential for oil palm cultivation in different Indian
provinces (Arulraj and Narasimha Rao, 2012). To
date, an area of 0.331 million hectares is under oil
palm cultivation in India grown under sub-tropical
conditions. The fruit of oil palm is known as drupe,
consisting of exocarp, mesocarp and endocarp. The
mesocarp of fruit is fleshy and is a source of crude
palm oil (CPO). Kernel oil is obtained from the
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endocarp of fruit, which is used in different forms
by the industry. The biological processes in plants
during reproductive phase like development of
fruit, maturation and ripening are quite unique.
Oil formation and its constitution during fruit
ripening process have been a topic of discussion
for physiologists and plant breeders of oil palm
fraternity. There have been some reports of lipid
composition in oil palm under tropical conditions
(Bafor and Osagie, 1986; Noh et al., 2002; Sundram
et al., 2003; Prada et al., 2011; Aung et al., 2018; Zaliha
et al., 2018). The biochemical changes in oil palm
during storage have been extensively studied (Salini
et al., 1999). Understanding the biochemical and
physiological changes during water stress could aid
in developing crosses/hybrids possessing higher
yield and better oil quality (Yordanov et al., 2000).
The knowledge of fatty acid composition in oil
palm plays a pivotal role in understanding chemical
and physical properties of oil, which helps in
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determining the optimum time of harvest. The oil
synthesis has been understood from accumulation
of triacylglycerols during process of ripening under
tropical conditions (Bates et al., 2009; Baud and
Lepiniec, 2010). Many fatty acids that cannot be
synthesised by human body could be derived from
CPO (Sambanthamurthi et al., 2000; Solomons and
Orozco, 2003). The proportion of unsaturated to
saturated fatty acids plays a vital role in nutrition
of human beings (Ganesan et al., 2018). There is
a lot of demand for high oleic fatty acid plants in
the food industry due to its tolerance to oxidation
(Indelicato et al., 2017; Redondo-Cuevas et al., 2018).
Palm oil seems to be oxidatively stable among
the vegetable oils due to its equal proportions of
unsaturated and saturated fatty acids (Ebong et al.,
1999; Basiron, 2005). Palm oil and palm kernel oil
are the predominant vegetable oils in food industry
(Okechalu et al., 2011).

The expression of genes linked to biosynthesis
of triacylglycerol and fatty acid along with its
heritability have been explored by various authors
(Montoya et al., 2014; Zulkifli et al., 2014; Ting et al.,
2016). The fatty acid composition of oils from F,
generation of Elaeis oleifera x Elaeis guineensis inter-
specific hybrids is normally intermediary between
their parents, while fatty acid contentin F, generation
exhibits the composition of F,, which is attributed
to additive heredity and co-dominance in hybrids.
The differences in fatty acid content between oils
from African and hybrid palms could be related to
the expression of genes encoding f-ketoacyl-ACP
synthase (KAS) II, which is specifically used for
chain lengthening of C16:0 to C18:0 (Mozzon et al.,
2013; Lieb et al., 2017).

Different quantitative trait loci (QTL) for fatty
acids and iodine value have been identified and a
few structural genes encoding the enzymes involved
in de novo synthesis of fatty acids and triacylglycerol
assembly have been localised in genomic intervals
(Jin et al., 2017; Lieb et al., 2017). The activity of A12
fatty acid desaturase from oil palm has been tested
in yeast, and it produced about 12% of linoleic acid,
which barely existed in wild yeast cells (Sun et al.,
2016). The first -3 fatty acid desaturase (involved
in biosynthesis of alpha-linolenic acid) gene has
been identified and characterised from oil palm
(Chen et al., 2018).

There has been no information on alterations in
fatty acid compositionin oil palm under sub-tropical
conditions and most of the work has been reported
under tropical rainforest environments (Noh ef al.,
2002; Sundram et al., 2003; Prada et al., 2011; Aung
et al., 2018; Zaliha et al., 2018). The oil content along
with fatty acid profile during fruit ripening can differ
both quantitatively and qualitatively under different
environmental situations. Breeding programmes are
generally targeted for higher unsaturated fatty acid
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composition present in Elaeis oleifera for achieving
better oil quality (Opute, 1979).

Since knowledge about chemical and physical
alterations in fatty acid composition during
ripening process under sub-tropical conditions is
not available, this study has been taken up, which
would also help in understanding ideal harvest
index in oil palm. Furthermore, a master plan could
be drafted for evolving oil palm crosses possessing
altered fatty acid profile and high oil content. In this
context, the study is mainly intended to document
alterations in fatty acid profile, fruit weight, oil and
moisture content in four commercial oil palm tenera
crosses grown under sub-tropical environment.

MATERIALS AND METHODS

The study was conducted at the Indian Institute of
Oil Palm Research, Pedavegi, Andhra Pradesh, India,
in four adult oil palm tenera crosses namely Deli
x Nigeria (DxN), Palode, Deli x Ghana (DxG) and
United Plantations (UP). The four crosses selected
were locally grown, which varied morphologically
in terms of height, girth and yield. Pedavegi is
situated at 16°8’N, 81°11’E with a mean sea level of
13.4 m. The palms were planted with 9 m triangular
spacing and standard agronomic practices were
followed. The weather at experimental site is a
typical sub-tropical one. The mean minimum and
maximum temperature varied from 18.9°C- 28.3°C
and 32.8°C-39.6°C, respectively. The relative
humidity was in the range of 34.2%-99.2% and 925
mm rainfall was received during the period.

The inflorescences were tagged at the time
of anthesis and five stages [12, 14, 16, 18 and 20
week after anthesis (WAA)] were monitored for
different parameters from 12- 20 WAA at weekly
intervals. Nine inflorescences were selected for a
cross at each stage making the total inflorescences
to 45 during the study. In total, 180 inflorescences
were evaluated for fruit weight, moisture and oil
content along with fatty acid profiles at five stages
in the four crosses studied.

The fruit weight, oil and moisture content in
fruits of different crosses were done by undertaking
bunch analysis as per Blaak (1963) and Prada et
al., (2011). The bunch was harvested at each stage
and outer and inner fruits were separated. The
mean of outer and inner fruits gave average fruit
weight, which is expressed in grams. The moisture
content in fruits was estimated by taking a sample
of outer and inner fruits. Fresh weights of these
fruits were taken and mesocarp was scrapped. Later
it was dried in an oven at 105°C for 24 hr and dry
weights were recorded. Triplicates of samples were
taken to minimise sampling error. Oil content was
estimated by gravimetric method. Dry mesocarp
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samples were ground and 5 g of sample were kept
in a small container and petroleum ether was used
as a solvent in a soxhlet extractor at 60°C-80°C for 24
hr. Ten to 15 samples were estimated for oil content
simultaneously in the extraction unit.

The fatty acid composition was determined as
per Morrison and Smith (1964). Conversion of oil to
fatty acid methyl esters (FAME) was done by adding
5 ml of sodium methoxide (0.1N in methanol) and
1 ml hexane in the oil solution. The solution was
stirred vigorously using vortex stirrer for 10 s and
left to separate, till a clear solution is obtained. The
aqueous layer was collected by using micropipette
and transferred into eppendorf tubes, which were
directly injected into gas chromatography (Model
GC 17A, Shimadzu Corporation, Kyoto, Japan).
The model is well equipped with flame ionisation
detector (FID) and a polar capillary column BPX 70
(60 m x 0.25 mm x 0.25 pm). The column, injector
and FID were set at 180°C, 230°C and 250°C. Column
flow was kept at 1.5 ml min™. Authentic standards
stored at 4°C were used under similar conditions
as that of FAME which were identified by mean of
retention times. The samples were compared with
those of standard FAME.

Statistical analysis was done using MSTAT
statistical software (MSTAT developed at the
Department of Crop and Soil Science, Michigan State
University, USA).
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RESULTS AND DISCUSSION

The fruit weight of oil palm crosses during the process
of ripening (12-20 WAA) ranged from 5.4 g-10.6 g
(Figure 1). Palms of UP possessed the maximum
fruit weight (10.6 g) at maturity (20 WAA), followed
by palms of DxG and DxN. The fruit weight was
lowest in palms of Palode cross at 20 WAA. In palms
of all the crosses, fruit weight increased from 12-20
WAA. There was no conclusive trend in fruit weight
among oil palm crosses and could be inferred that
biochemical changes could have been only occurred
in the mesocarp of fruit (Prada et al., 2011). The palms
of all the crosses recorded highest fruit weight at 20
WAA indicating its ideal time of harvest, which is
consistent with the findings of Prada et al. (2011) and
Alvarado and Sterling (1998). The fruit ripening in a
bunch starts from top to bottom portion and spreads
from outer to inner fruits of spikelets (Kaida, 1992).
The maturity of bunch in oil palm could be affected
by changes in environment (Azis, 1985).

A perusal of data (Figure 1) relating to oil content
in the mesocarp of fruits of different crosses indicated
that it ranged from 22.6%-79.9% (12-20 WAA). The oil
content was less till 16 WAA in fruits of all the crosses
and increased sharply from 18 WAA onwards. The
highest oil content was recorded at 20 WAA in fruits
of all crosses. The fruits of DxG possessed maximum
oil content followed by fruits of Palode and UP. The
oil accumulation in mesocarp of oil palm fruits was
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Figure 1. Variations in fruit weight (), oil and moisture content (%) at different stages of ripening process in oil palm crosses
[bars depict standard deviation of mean (n=9)].
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at 20t week after anthesis (Oo ef al., 1986; Suresh et
al., 2013). Environmental factors play an important
role in influencing fruit set and oil content in oil palm
(Corley and Tinker, 2003). Variations in oil content
in oil palm crosses could be also due to genetic and
environmental factors (Bafor and Osagie, 1986).

The moisture content in mesocarp of fruits
showed decreasing trend during ripening process
(12-20 WAA) in all the four crosses studied (Figure
1). The moisture content during ripening process
decreased from 84.5% to 41.1% in DxN; 82.8%-34.3%
in DxG; 82.6%-45.3% in UP and 85.2%-50.3% in Palode
cross. The decrease in moisture content in fruits was
more during 18-20 WAA due to rapid accumulation
of oil in the mesocarp, which are consistent to the
findings of some workers (Oo et al., 1985; Bafor and
Osagie, 1986).

Fatty acid composition in different oil palm
crosses during 12-20 WAA is depicted in Table 1. Six

different fatty acids viz., myristic, palmitic, stearic,
oleic, linoleic and linolenic acid were analysed during
the study. Myristic acid in the fruits of different
crosses during ripening varied from 0.5%-21% and its
content increased with the process of ripening. Fruits
of UP recorded the highest palmitic acid followed
by fruits of Palode cross. The content of palmitic
acid increased during the process of ripening and it
ranged from 31.1%-45.1% in different crosses. Stearic
acid content in oil palm crosses was in the range of
2.8%-5.1% during ripening process. The contents
of oleic, linoleic and linolenic fatty acids during
ripening process ranged in the order of 19.1%-43.1%,
32.4%-8.7% and 10.4%-0.4% respectively, among the
different oil palm crosses studied. The fatty acid
contents obtained in this study are similar to findings
obtained in oil palm (Rincon and Martinez, 2009).
Among the fatty acid profiles, myristic, palmitic,
stearic and oleic acids showed increasing trend

TABLE 1. VARIATIONS IN FATTY ACID COMPOSITION (%) DURING DIFFERENT STAGES OF FRUIT RIPENING
PROCESS IN OIL PALM CROSSES (n=9)

WAA Myristic acid ~ Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid
(C:14:0) (C:16:0) (C:18:0) (C:18:1) (C:18:2) (C:18:3)
United Plantations (UP)
12 1.0+0.2 33.7£1.8 3.2+0.4 204+2.1 28.1+1.6 8.240.3
14 1.0£0.1 38.2+1.6 3.440.3 284+1.6 20.4+1.6 4.1+0.2
16 1.1£0.2 42.7+1.4 3.840.4 34.1+1.8 15.4+1.4 2.4+0.1
18 1.1+0.3 44.1+1.2 4.6+0.3 35.9+1.7 10.2+1.4 1.7+0.1
20 1.4+0.2 45.141.1 4.140.2 40.1£2.1 8.7+0.8 0.4+0.1
Palode
12 0.5+0.1 34.1+1.1 3.0£0.2 19.6£1.1 30.1£0.9 9.1+0.4
14 0.5+0.1 37.9+1.4 3.740.3 26.4+2.1 24.3+1.4 2.5+0.2
16 0.9+0.2 40.5+1.6 4.0+0.4 32.1+2.2 17.8£1.6 2.840.3
18 0.9+0.2 42.241.2 5.0+0.4 35.6+1.7 11.4+1.3 1.440.1
20 1.8+0.3 44.6+1.0 5.1£0.5 36.6+1.4 10.2+1.4 0.6+0.1
Deli x Ghana (DxG)
12 0.840.1 31.1+0.9 2.8+0.2 21.7+0.7 31.4+0.8 10.4+0.5
14 0.6+0.1 34.5+1.5 3.310.1 27.3£2.1 25.6+1.8 4.3+0.3
16 1.0+0.2 36.4+1.6 3.5+0.4 38.4+1.8 16.2+1.6 2.1£0.2
18 1.0+0.2 38.1+1.8 4.5+0.3 42.7+2.2 11.7+¢1.7 1.240.2
20 1.3£0.2 39.4+1.5 4.7+0.5 43.1+£1.6 10.5+1.6 0.4+0.1
Deli x Nigeria (DxN)
12 0.7£0.1 32.441.1 3.3+0.2 19.1£1.1 32.4+1.0 8.7+0.4
14 0.84+0.1 40.8+£1.2 3.2+0.2 28.31£2.1 23.840.7 2.8+0.3
16 0.6+0.1 42.4+1.1 4.940.4 31.2+1.4 17.341.1 2.2+0.3
18 1.0£0.1 44.6+1.4 4.6+0.4 34.5£1.6 11.4+1.4 1.31£0.2
20 2.1+0.2 43.1£1.6 5.1+0.5 38.4+1.8 10.7+1.4 0.4+0.1

Note: Mean + standard deviation (n=9), WAA - weeks after anthesis.
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during process of fruit ripening, while linoleic and
linolenic fatty acids decreased as the fruits ripened.
The six fatty acids analysed during the process
of ripening could be classified as monounsaturated
fatty acids, [MUFA (oleic acid)], polyunsaturated
fatty acids, [PUFA (linoleic and linolenic acids)] and
saturated fatty acids, [SFA (myristic, palmitic and
stearic acids)]. Among the oil palm crosses studied,
SFA was the highest contributor to total fatty acid
composition followed by MUFA and PUFA (Figure
2). Fruits of DxG cross possessed the highest MUFA
+ PUFA content, which was closely followed by
fruits of DxN and UP cross. The lowest content of
MUFA + PUFA was recorded in fruits of Palode
cross. Conversely, SFA content was highest in fruits
of Palode cross followed by fruits of UP and DxN.
MUFA and SFA contents in all crosses increased
during the process of ripening (14-20 WAA), while
PUFA content decreased as fruits matured. Similar
variations in fatty acid composition were observed
in different oil palm hybrids (Rajanaidu and Tan,
1983; Prada et al., 2011). The fatty acid composition
at various stages of fruit ripening indicated that
major alterations are occurring in oleic, palmitic and
linolenic acids (Bafor and Osagie, 1986; Oo et al., 1986;

o
o

N
o

w
o

20

10

Monounsaturated fatty acids (%)

o

12 14 16 18

Weeks after anthesis (WAA)

20

50

40

30

20

10

Polyunsaturated fatty acids (%)

Murphy, 2009). Different edible oil samples were
analysed and observed that 47% SFA are present in
palm oil, of which palmitic acid was the dominant
fatty acid (Chowdhury et al., 2007). Environment
plays a vital role in causing wide variations in fatty
acid composition in different crosses (Dierig ef al.,

2001; Guarrasi et al., 2010).

CONCLUSION

To conclude, oil synthesis in fruits of UF, DXN, DxG
and Palode crosses started at 12 weeks after anthesis
and highest oil content (71.2%-79.9%) was attained at
20 WAA. The ideal time of harvest for four crosses
was at 20 WAA, which coincided with highest oil
content and maximum fruit weight. SFA was the

highest contributor to the fatty acid profile followed

by MUFA and PUFA. The MUFA and PUFA

composition was highest in DxG cross indicating

its superior oil quality under Indian sub-tropical
conditions. The variations in fatty acid composition
among different oil palm crosses can be exploited for

breeding palms possessing higher unsaturated fatty
acids, which is an index of superior oil quality.
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Figure 2. Variations in monounsaturated fatty acids, saturated fatty acids and polyunsaturated fatty acids at different stages of ripening process
in oil palm crosses [bars depict standard deviation of mean (n=9)].
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