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Abstract 

A total of sixteen oil palm interspecific hybrid progenies were evaluated for their fatty 

acid composition, iodine value, carotene content, height and height increment at 

Malaysian Palm Oil Board (MPOB) Bagan Datuk, Malaysia. Based on the results, 

unsaturated fatty acids were higher with a range of 60% compared to current breeding 

materials. Iodine value showed a considerable amount of the oil palm interspecific hybrid 

which was around 65. Carotene among some individuals showed an outstanding value of 

3424 ppm. Height and height increment showed lower value than current breeding 

materials with an average 0.17 m height increment per year. Heritability values showed 

that the genetic component gave higher influence towards height and height increment 

while the fatty acid composition and carotene content were largely influenced by the 

environment.  

1. Introduction 

The oil palm in Malaysia begins with the dura as 

planting materials which originated from Bogor 

Botanical Garden, Indonesia (Yee and Chandran, 2005). 

It first came to Malaysia as ornamental palms, before it 

was being used as a commodities crop. With the 

knowledge of monogenic inheritance of the fruit shell, 

dura has been replaced with tenera which involved the 

cross between the dura and the pisifera (Beirnaert and 

Vanderweyen, 1941). Tenera produces more oil from its 

thick mesocarp thus could achieve more oil yield. The oil 

palm breeders seem to have a narrow genetic base as the 

oil palm is originated from four palms that were planted 

in Indonesia and the descendants brought to Malaysia. 

This situation has caused them to broaden the genetic 

base of the oil palm by going for germplasm collection 

expedition and to bring back the oil palm germplasm to 

Malaysia.  

The expedition to collect the oil palm germplasm in 

the oil palm centres of origin, for Elaeis guineensis had 

been done by collecting them in several African 

countries such as Angola, Nigeria, Senegal etc 

(Rajanaidu et al., 2013). For Elaeis oleifera, most of the 

countries are from Central and South America such as 

Colombia, Brazil, Panama etc. During the prospection, 

the bunch of samples were processed in situ before being 

brought back. The oil palm germplasm then was mostly 

planted in MPOB Oil Palm Genebank in Kluang, Johor 

and was used according to several steps by MPOB which 

were germplasm, evaluation, utilization and 

conservation. The evaluation of the oil palm germplasm 

was later being used as part of commercial oil palm 

planting materials such as from Nigeria which 

tremendously being used as the maternal source. This 

was being proved by looking into the released PS1 series 

planted by several private plantations and smallholders.  

The cross between Elaeis guineensis and Elaeis 

oleifera could produce oil palm interspecific hybrids as 

they are sexually compatible. In Malaysia, two important 

traits have been identified by the oil palm researchers in 

the oil palm interspecific hybrid. Firstly it offers slow 

growth with short trunks. The short trunk has given 

eagerness to oil palm breeders as it makes easy jobs for 

the harvester. Secondly are the oil quality traits such as 

higher unsaturated fatty acids and above normal iodine 

value. In other countries, they found the third advantage 

of the oil palm interspecific hybrid which is resistant to 

oil palm diseases. In South American countries, diseases 

such as bud rot and lethal decay have devastated many 

infected areas which cost millions of dollars. In 

Columbia, they cost up to 50 million US dollars in losses 

to the planters from the diseases (Benítez and García, 

2014). To react to the situation, they started to replace 
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the current planting materials on their oil palm 

plantations with oil palm interspecific hybrids. For some 

planers, this is the only way to overcome the situation 

while some of them are planted with Elaeis oleifera. In 

Malaysia, the oil palm interspecific hybrid is mostly 

pursued research. Aside from fatty acids and iodine 

value, carotene is one of the traits that are being 

evaluated by oil palm breeders and higher carotene mean 

the oil quality is considered good.  

The oil palm interspecific hybrid produced by 

crossing between Elaeis guineensis with Elaeis oleifera 

or vice versa. Based on previous studies, the oil palm 

interspecific hybrid had three obvious advantages, 

namely, shorter trunk, good oil quality and resistance to 

disease (Barba et al., 2015; Astorkia et al., 2019). Since 

the bud rot disease is not critical in Malaysia, oil palm 

breeders focused on shorter trunk and the oil quality 

characters. This paper deliberates results on the 

evaluation of fatty acid composition, carotene content, 

height and height increment of the oil palm interspecific 

hybrids. Findings in this study may be useful for future 

oil palm breeding programs. 

 

2. Materials and methods 

2.1 Materials 

The sixteen oil palm interspecific hybrid progenies 

comprising T (E. guineensis var. tenera) × O (Elaeis 

oleifera) and the reciprocal, O×T are used in this study 

(Table 1). The palms were planted in shallow peat soil 

with an average of 90.88 mm of rainfall during the 9 

months bunch harvesting period, during the study. The 

trial was planted in Trial 0.208 at MPOB Bagan Datuk, 

Perak, Malaysia in 1988 and statistically laid out in 

Randomized Complete Block Design (RCBD) with two 

replications. The planting distance was 8.8 m apart in a 

triangular pattern. A total of 10 palms were selected from 

each of progeny at five palms per replication. Only one 

bunch per palm was harvested and evaluated for this 

study making up a total of 160 bunches as shown in 

Table 1.   

2.2 Sample collection and preparation 

Ripe fresh fruit bunches were harvested using a 

chisel attached to a pole. The harvested bunches were 

chopped into three separate portions and three to four 

spikelets were selected from each portion. The selection 

of spikelets was done at random to represent a balanced 

composition of the fruit set. The oil from fruits was 

extracted by means of the solvent extraction method. The 

spikelets were softened by autoclaving and later fruit was 

minced into small pieces manually before drying up in 

the oven for 3 hours. The dried mesocarp was ground by 

using a blender and kept into a desiccator. The dried 

mesocarp was mixed with hexane and later separated by 

using rotary evaporator apparatus.  

2.3 Oil analysis 

Oil collected was converted into fatty acid methyl 

ester (FAME) before being placed into mini vials. The 

fatty acid components were determined by 

chromatography technique by using gas chromatography 

of brand Agilent 5973N. Vials were sorted into the rack 

sampler and the injection process automatically began 

later. The temperature of the column in the gas 

chromatography was set and maintained to 180oC where 

helium gas was used as a carrier gas, which flowed at a 

rate of 40 mL/min. Meanwhile, the temperature of the 

detector and injection was set at 220°C. Data output was 

in form of raw which intended fatty acids were selected 

and calculated.  

Iodine value was determined based on calculation 

introduced by the American Oil Chemist Society 

(AOCS), that related to the composition of unsaturated 

fatty acids as reported by Kyriakidis and Katsiloulis 

(2000). The unsaturated fatty acid components were 

gathered from data output based on gas chromatography. 

Carotene content was determined by using a 

spectrophotometer with an absorbance of 446 nm. Before 

the sample is run in the spectrophotometer, the oil must 

be converted into FAME by titration process. The oil 

sample was diluted by using isooctane. The colour of the 

oil samples was brighter than it’s followed Beer’s Law.  

The height of the palms was measured by means of a 

measuring tape attached to an adjustable pole. The 

measurement was done from the ground to the frond 

Progeny code Cross type 
Replication 

1 
Replication 

2 
Total 

MS3402 T×O 5 5 10 

MS3406 O×T 5 5 10 

MS3407 O×T 5 5 10 

MS3410 O×T 5 5 10 

MS3421 O×T 5 5 10 

MS3424 O×T 5 5 10 

MS3444 O×T 5 5 10 

MS3445 O×T 5 5 10 

MS3449 O×T 5 5 10 

MS3451 T×O 5 5 10 

MS3452 T×O 5 5 10 

MS3453 T×O 5 5 10 

MS3464 T×O 5 5 10 

MS3478 O×T 5 5 10 

MS3479 T×O 5 5 10 

MS3492 T×O 5 5 10 

Table 1. Oil palm interspecific hybrid progenies in Trial 

0.208, MPOB Bagan Datuk, Perak.  
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number 41. The height increment was calculated based 

on the calculation of (Breure and Powell, 1988). 

Height increment = Height at year t / t-2, where t is 

number of years, 

Data were calculated and analysed by using analysis 

of variance (ANOVA) by using SAS 9.1 version. 

Progeny means and overall means were compared by 

Least Significance Different (LSD) at a 5% level of 

probability. Broad sense heritability was calculated 

based on ANOVA components. 

 

3. Results and discussion 

Mean squares (Table 2) showed most of the oil traits 

were not significantly different as compared to height 

and height increment, which were highly significant. 

Palmitic acid, which is a saturated fatty acid had a 

mean of 34.71% of the total 160 bunch sample with a 

value of individual palm ranging between 23.36% to 

45.36% (Table 3) and range of progeny mean 32.46% to 

37.02% and mostly distributed between 33% to 37% 

(Figure 1). Progeny MS3452 had scored the lowest 

palmitic acid with 32.46% which was favourable by oil 

palm breeders. In comparison, Choo et al. (1997) found 

high variation in palmitic acid and within the range of 

this study. It ranges from 32.2% to 35.4% which 

indicated that the progenies used in this study were more 

variable than those used by Choo et al. (1997). Another 

study by Noh et al. (2012) found the palmitic acid of oil 

palm interspecific hybrid (backcross) ranging between 

34.22% to 38% with a mean of 35.07% and Chaves et al. 

(2018) stated that 3 progenies of the oil palm 

interspecific hybrid had delivered a range of palmitic 

acid between 26.3% to 32.5%. Studies by Yap et al. 

(1991) had reported with mean of 32.4% and 35.6% 

from two progenies which gave the result of this study as 

an intermediate value. The lower value of the palmitic 

acid normally is more favourable to oil palm breeders 

since the price of palm oil increases with lower 

percentage of stearin. The palmitic acid is one of the 

components of stearin as lower stearin will increase the 

olein and this will be reflected in the price. 

Stearic acid which is normally the second most 

abundant saturated fatty acid in palm oil gave a mean of 

2.85% with individual palms ranging from 1.79 % to 

4.81% (Table 3).  The range of progeny mean was 2.36% 

to 3.31% and mostly distributed between 2.4% to 3% 

(Figure 1). The highest value of the stearic acid was at 

3.31% (Progeny MS3444) while the lowest was at 2.36% 

(Progeny MS3421). Choo et al. (1997) found that the 

stearic acid ranged from 3.2% to 4.1% within the oil 

palm interspecific hybrid. The materials used in this 

study seemed to be more diverse than Choo et al. (1997) 

results. Diversified values will give more possibilities to 

select for further breeding and improvement program. 

Noh et al. (2012) reported a range from 4.03% to 6.95% 

for stearic acid among the oil palm interspecific hybrid. 

The mean in this study was lower than reported by Yap 

et al. (1991), which recorded 3.1% and 4.4% for two 

progenies. As a saturated fatty acid, lower stearic is of 

interest for better palm oil quality but for confectionery 

applications, high stearic could be considered as a fat 

substitute. The study by Mancini et al. (2015) found the 

value of stearic acid was higher than this study at 4.5% 

and placed behind palmitic acid in the Elaeis guineensis 

sample. Montoya et al. (2014) also stated the same 

situation where the stearic acid had a range between 

3.7% to 8.4% of the Elaeis guineensis. 

Myristic acid which was among the lowest saturated 

fatty acid in this study had a mean value of 0.49% with 

individual palms ranging between 0.21% and 1.3% 

(Table 3), the progeny mean ranges from 0.40% to 

0.56% and mostly distributed around 0.4% to 0.5% 

(Figure 1). Progeny MS3424 had the highest value at 

0.56% while Progeny MS3445 gave 0.4%. Choo et al. 

(1997) reported the range of the myristic from 0.5% to 

1.6% whereas Noh et al. (2012) reported a range from 

0.48% to 0.86%. Progenies in this study however were 

less variable for myristic acid. Yap et al. (1991) reported 

a value of 0.4% for two progenies evaluated, which was 

a bit lower than this study.  

Oleic acid is the fatty acid with the highest value in 

this study, with a mean of 48.11% and individual palms 

ranging from 36.65% to 57.47% (Table 3).  The progeny 

mean ranges from 45.61% to 49.96% and is mostly 

distributed between 48% and 49.96% (Figure 1). 

Progeny MS3452 had the highest value with 49.96% 

Source df Myristic Palmitic Stearic Oleic Linoleic Linolenic 
Iodine 
Value 

Carotene Height 
Height 

Increment 

Rep (R) 1 0.0008ns 23.41ns 0.98ns 22.31ns 0.32ns 0.06ns 36.15ns 2264182ns 14.61** 0.01** 

Progenies (P) 15 0.031ns 22.82ns 0.85** 20.41ns 2.93ns 0.11ns 34.18* 603377ns 10.58** 0.01** 

RxP 15 0.033ns 1.96ns 0.37ns 8.06ns 2.03ns 0.10ns 4.32ns 791737ns 0.92ns 0.0009ns 

Within palms 128 0.025 11.19 0.27 13.66 3.15 0.07 15.02 635614 0.57 0.0005 

Table 2. Mean squares of fatty acid composition, iodine value, carotene, height and height increment  

Values are mean squares of the fatty acid composition, iodine value, carotene, height and height increment.  
*, **, ns significant at P<0.05, significant at P<0.01, not significant respectively 
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whereas Progeny MS3444 had the lowest at 45.61%. 

Choo et al. (1997) reported a mean of the oleic acid 

ranging from 34.4% to 51.8% whereas Noh et al. (2002) 

reported a mean of 41.18% to 47.03%. In comparison to 

Choo et al. (1997) results, the oleic acid values were 

more variable than materials used in this study. Yap et 

al. (1991) reported that the value of the oleic acid was 

44.8% and 52.4% for two progenies. However, some 

individual palms showed a higher percentage of oleic 

acid up to 57.47%. The higher oleic acid is reflected in 

the higher price of palm oil as higher olein increases the 

oil quality.  

Linoleic acid which is a polyunsaturated fatty acid 

gave a mean of 12.82% with individual palms ranging 

from 0% to 16.65% (Table 3). The progeny mean ranged 

from 11.41% to 13.40% and was mostly distributed 

between 12% and 13.4% (Figure 1). Progeny MS3445 

gave the highest value at 13.40% whereas Progeny 

MS3402 gave the lowest at 11.41%. Choo et al. (1997) 

reported a range of linoleic acid from 10.8% to 16.5% 

whereas Noh (2012) reported a range from 11.04% to 

16.48% among oil palm interspecific hybrids. In 

comparison to Yap et al. (1991), the linoleic acid in this 

study was higher compared to the single progeny they 

evaluated. As part of the unsaturated fatty acid, higher 

linoleic acid is considered favourable for oil quality. 

Linolenic acid had mean of 0.26% with individual 

palms ranging from 0% to 0.91% (Table 3) Progeny 

mean ranged from 0.08% to 0.45% and mostly 

distributed between 0.1% and 0.4% (Figure 1). Progeny 

MS3451 had the highest value at 0.45% whereas 

Progeny MS3479 had the lowest at 0.08%. Choo et al. 

(1997) reported a range of around 0.5% for oil palm 

interspecific hybrids. In comparison, this value was 

higher than the materials used in this study. Yap et al. 

(1991) reported values of 0.4% and 0.6% for two 

evaluated progenies.  

Iodine value (IV) had a mean of 64.52 with 

individual palm ranging from 43.28 to 73.76 (Table 3) 

range of progeny mean 61.86 to 67.36% and mostly 

distributed between 63 to 66 (Figure 1). Progeny 

MS3452 had the highest value at 67.36 whereas Progeny 

MS3492 was lowest at 61.89. Noh et al. (2012) reported 

a range of around 57.6 to 66.54 of iodine value. In 

comparison, materials used in this study were less 

variable but the individual performance was acceptable 

which a value up to 73.76. Higher content of iodine is a 

reflection of higher unsaturation fatty acid and this has 

been sought by oil palm breeders. 

Carotene content in this study had a mean of 1243.34 

ppm with individual palm ranging between 89.55 ppm to 

3424.25 ppm (Table 3) range of progeny mean 740.8 

ppm to 1570.4 ppm and mostly distributed between 1000 

ppm to 1570.4 ppm (Figure 1). Progeny MS3478 had the 

highest with 1570.5 whereas Progeny MS3444 had the 

lowest at 740.8. Choo et al. (1997) reported a range of 

around 1250 ppm to 1450 of one of the progenies which 

compared to materials used in this study had variable 

carotene content. In comparison to Noh et al. (2012), the 

individual performance in this study was far ahead with 

the highest value up to 3424.25 ppm compared with 

1989.4 ppm. 

Height had an overall mean of 5.65 m while height 

increment at 0.17 m (Table 3). Height had recorded of 

individual height ranging from 3.40 m to 9.51 m while 

height increment ranging between 0.10 m to 0.29 m. 

Progeny MS3453 had recorded the highest value of 

height with 7.5 m while progeny MS3407 had the lowest 

at 4.54 m. Progeny MS3453 had recorded the highest 

value of height increment of 0.23 m while progeny 

MS3407 and MS3444 had scored lowest at 0.13 m. In 

comparison, Sunilkumar et al. (2015) found that the 

height increment of the oil palm interspecific hybrid 

range of around 0.41 m to 0.46 m. Noh et al. (2012) 

found that the oil palm interspecific hybrid backcross a 

bit lower range of around 0.34 m to 0.38 m. This clearly 

showed that the material used in this study had a lower 

height increment. Shorter palm is an advantage to the oil 

Traits Mean Std Dev Std Error Minimum Maximum Progeny Range (Mean) 

Myristic (%) 0.49 0.16 0.01 0.21 1.30 0.40 - 0.56 

Palmitic (%) 34.71 3.39 0.26 23.36 45.36 32.46 – 37.02 

Stearic (%) 2.85 0.58 0.04 1.79 4.81 2.36 – 3.31 

Oleic (%) 48.11 3.71 0.29 36.65 57.47 45.61 – 49.96 

Linoleic (%) 12.82 1.73 0.13 0.00 16.65 11.41 – 13.40 

Linolenic (%) 0.26 0.29 0.02 0.00 0.91 0.08 – 0.45 

Iodine Value 64.53 3.90 0.31 43.28 73.76 61.86 – 67.36 

Carotene (ppm) 1243.00 64.10 810.90 89.56 3424.00 740.8 – 1570.4 

Height (m) 5.65 1.28 0.10 3.40 9.51 4.53 – 7.49 

Height Increment (m) 0.17 0.03 0.01 0.10 0.29 0.13 - 0.22 

Table 3. Statistic of overall mean for fatty acid components 

Value of mean, minimum and maximum of fatty acid is in percentage and carotene in ppm  
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palm industry which resulted in a lower cost of 

harvesting (Yaakub et al. 2020). According to Barcelos 

et al. (2015) as palms age, oil palm trees are taller than 

two-three meters cutting bunch stalk becomes physically 

challenging, bunch fall bruises fruits resulting lower oil 

quality and difficult to assess the bunch ripeness. 

 

3.1 Heritability 

The heritability value of all evaluated traits was 

considered low to moderate based on broad sense 

heritability with two traits giving a value of zero while 

two traits having more than 40% (Table 4). This means 

that the evaluated traits had strong environmental effects 

on the expression of the phenotypic traits. Lower 

Figure 1. Frequency distribution of fatty acids compositions, iodine value, carotene content, height and height increment. 
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heritability value means that the traits are less heritable 

and much affected by the environmental factor and vice 

versa. Rafii et al. (2001) found that low levels of GCV 

will further make low levels of the heritability estimation 

of most evaluated traits except for one. Furthermore, 

Rafii et al. (2002) mentioned that the lower value of 

heritability may have a connection with a poor 

environment. Kang (1994) has stated that quantitative 

traits are greatly influenced by the environment, which 

can be seen in this study. According to Noh et al. (2002), 

moderate heritability value of the traits indicated it had 

good genetic control, which would be easy for the 

offspring inbreeding. In comparison to this study, the 

genetic control was weak and further progeny tests 

should be carried out in the future. 

 

4. Conclusion  

The progenies in this study showed variability in the 

fatty acid composition, iodine value, carotene, height and 

height increment in oil palm interspecific hybrids. Some 

of the traits had good values compared to previous 

studies. High oleic acid is favourable to oil palm 

breeders. Lower palmitic acid also has its advantages. 

Low height increment can be introgressed into advanced 

genetic lines. Progeny MS3452 can be selected as the 

best performer for oil traits whereas progeny MS3444 

can be selected for height increment. Improvement of 

genetic material in this study can be achieved based on 

heritability values. Nevertheless, further studies such as 

progeny testing should be carried out to improve the 

genetic materials.  In addition to that vegetative 

measurements can also be considered. 
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