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Abstract

Biodiesel is an alternative fuel consisting of alkyl esters of fatty acids from vegetable oils or animal fats. The fatty acid
compositions in the oils used as feedstock can influence quality of the biodiesel. In the present study, oil content and fatty
acid composition of mesocarp and kernel oil were examined from nine commercial oil palm Elaeis guineensis cultivars.
Saponification number, iodine value and cetane number were calculated from palm oil fatty acid methyl ester compositions.
Fruits of tenera oil palm were collected from a farmer’s plantation in Dan Makham Tia District, Kanchanaburi Province in
2009. Variation between cultivars was observed in oil content and fatty acid profile of mesocarp oil rather than kernel oil.
The percentage of oil in dry mesocarp ranged from 63.8% to 74.9%. The mesocarp oil composed of41.5 - 51.6% palmitic acid,
3.58-7.10% stearic acid, 32.8-42.5% oleic acid and 9.3-13.0% linoleic acid. Likewise saponification number, iodine value and
cetane number of mesocarp oil fatty acid methyl ester showed more variation among cultivars, ranging from 196.5-198.9,
45.7-54.6 and 61.8-63.6, respectively. While those of kernel oil fatty acid methyl ester showed no different among cultivars,
ranging from 229-242, 13.6-16.4 and 65.3-66.5, respectively. The cetane number of fatty acid methyl ester positively correlated
with contents of myristic, palmitic and stearic acids in palm oil and saponification number of biodiesel, but negatively
correlated with iodine value.
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(Karaosmanoglu ef al., 1996). In Thailand, 90% of palm oil
produced is used for food and the remaining 10% for non-

1. Introduction

Biodiesel is defined as the fatty acid alkyl monoesters
derived from renewable biodiesel sources, such as vegetable
oils and animal fats. It is biodegradable, non-toxic with low
emission profiles as compared to petroleum diesel (Meher et
al., 2006). The edible oils such as soybean oil in U.S.A. and
palm oil in Malaysia are being used for biodiesel production
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food consumption, such as production of liquid fuels and
oleo-chemicals. Conversion of palm oil into biodiesel using
methanol was reported by Yarmo et al. (1992). There were
great differences between palm oil and palm kernel oil with
respect to their physical and chemical characteristics. Palm
oil contains mainly palmitic acid (16:0) and oleic acid (18:1),
the two common fatty acids, and about 50% saturated fat,
while palm kernel oil contains mainly lauric acid (12:0) and
more than 89% saturated fat (Demirbas, 2003a). Studies on
physical and chemical properties of palm oil biodiesel are
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rarely based on triglyceride composition. Muniyappa et al.
(1996) reported on density, viscosity and cloud point of two
biodiesels developed from soybean and beef tallow oil. The
high cloud point of methyl esters from beef tallow oil was
an indicative of a high concentration of saturated fatty acid
methyl esters. When liquid biodiesel is cool, the methyl esters
of stearic (C18:0) and palmitic (C16:0) acids are the first
fraction to precipitate and therefore typically constitute a
major share of materials recovered from clogged biodiesel
fuel filters (Mittelbach and Remschmidt, 2004). Accordingly,
the viscosity of a fatty acid ester increases with increasing
chain length and saturation. However, only cis double bonds
cause a noticeable reduction of viscosity as esters, while
trans double bonds display viscosity similar to their
saturated counterparts (Knothe and Steidley, 2005). Research
on influence of fatty acid composition of vegetable oils on
quality of biodiesel indicated that low cetane numbers
associates with highly unsaturated fatty acid components
(C18:2 and C18:3) (Ramos et al., 2009). Pinzi et al. (2011)
reported that a double bond value of 1.16 in the fatty acid
chain appears to be an optimal value to achieve the best
compromise between low calorific value (LCV), cetane
number (CN), flash point (FP) and cold filter plugging point
(CFPP), and an optimal length of chain is provided by an
average value of 17 carbon atoms.

The objective of this work is to study on influence of
fatty acid profiles in palm oil on biodiesel quality. The results
will benefit palm oil biodiesel producers and oil palm
breeding programs for biodiesel purpose.

2. Materials and Methods
2.1 Plant materials and oil extraction

Plant materials were nine commercial oil palm (Elaeis
guineensis) cultivars from different sources grown in a
private farm in Dan Makham Tia District Kanchanaburi
Province, western part of Thailand. Not to overemphasize on
their origins the plants from Univanich Company, Surat 2,
Malaysia, Uti, Ekona, Papua, Avros, Paoronk and Nigeria
were renamed as Tenera Oil Palm (TOP) from TOPA, TOPB,
..., TOPI, respectively. Bunches of each cultivar were
harvested to separate for fruits for oil extraction. Oil from dry
mesocarp and kernel were extracted using petroleum ether
in soxhlet extractor (Buchi Universal Extraction System
B-811) to obtain crude palm oil and palm kernel oil. Then oil
percentages in dry mesocarp and kernel were obtained.

2.2 Analysis of fatty acid composition by gas chromato-
graphy

Fatty acid compositions were determined in accord-
ance with the AOAC’s official method for oil and fats (AOAC,
2000). Extracted lipid was methylated to produce fatty acid
methyl esters (FAMEs). The FAMEs were analyzed by a
CP9001 gas chromato- graph (GC; Chrompack, Middelburg,
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The Netherlands) on a WCOT fused silica column (100 m x
0.25 mm, i.d.) coated with CP-SIL 88 (Varian). Helium was
used as the carrier gas. Peaks were identified by comparison
with relative retention times of the standard FAMEs (Sigma-
Aldrich Chemie, Steinheim, Germany). Concentration of each
fatty acid was recorded by normalization of peak areas using
GC post run analysis software, manual integration and
reported as percentage of the particular fatty acid.

2.3 Saponification number, iodine value and cetane number

Saponification number (SN) and iodine value (IV)
were calculated from FAMEs composition of oil, using the
following Equation (1) and (2), respectively (Kalayasiri et al.,
1996):

SN = £ (560 x A MW, )
IV = £ (254x D x A)YMW, )

where A is the percentage, D is the total number of double
bonds, and MW, is the molecular weight of each fatty acid.
Cetane number (CN) and higher heating values
(HHVs) of FAMEs were calculated from the following equa-
tions by using the estimated saponification number (SN) and
iodine value (IV) (Krisnangkura, 1986; Demirbas, 1998a):

CN = 46.3+ 5458/SN-0.225 (IV) 3)
HHVs = 49.43-0.041(SN)+ 0.015 (IV) 4)
2.4 Statistical analysis

Analysis of variance (ANOVA) of fatty acid composi-
tion and oil content of palm oil and palm kernel oil were done,
using R program (R-Development Core Team, 2008). A least
significant difference (LSD) test was employed to compare
treatment means using the same program. Correlation co-
efficients were determined among various traits studied.

3. Results and Discussion
3.1 Oil content and fatty acid composition

Variation in oil content and fatty acid composition in
mesocarp and kernel of Tenera oil palm was presented in
Table 1. Oil percentage in dry mesocarp was the highest
(74.9%) in TOPD and the lowest (63.8%) in TOPH; whereas
oil percentage in dry kernel was the lowest (41.8%) in TOPG
and the highest (48.2%) in TOPB.

Oil quality and utility are mainly determined by its
fatty acid composition. Fatty acid composition in mesocarp
oil showed that palmitic and oleic are major fatty acids. The
percentages of these two fatty acids in mesocarp oil of nine
oil palm cultivars ranged from 41.5 to 51.6% and 32.8 to
42.5% with an average value 0f46.6 and 36.6%, respectively.
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Table 1.

Oleic/linoleic (%)

Fatty acid composition (%)

Oil content (%)

Oil

palm
kernel

palm

palm kernel oil

palm oil

palm
kernel

palm

oil

palm
cultivar

oil

oil

caprylic capric lauric myristic  palmitic stearic oleic linoleic

linoleic

palmitic stearic oleic

myristic

oil

3.20+0.32  6.35+0.58

2.31+0.42
2.17+0.46
2.28+0.49

14.5%1.5

1.60+0.27
1.77+0.65

14.1£0.2  7.04+0.63
15.9+1.2  7.34+0.82
15.0+0.8 6.60+0.48
14.8+0.6 6.67+0.31
15.6+0.8 7.55+1.13
15.0£0.6 6.88+0.79
15.0£0.6 7.30+0.46
14.9+0.6 6.62+0.71
16.0+0.7 8.14+0.96

46.4+2.3

10.3+0.6 4.22+0.50 3.51+0.36

10.4+0.6 4.15+0.72
12.120.6  4.50+0.55

32.8+1.5

5.53+0.20
3.58+0.52
4.29+0.16

1.25+0.06 49.8+1.1

TOPB 73.6+2.6 482+1.2 0.87+0.10 453+1.8

TOPA 71.8+2.4 43.9+3.5

3.85+0.18  6.77+2.00

3.00+0.05

14.242.5
11.2+0.9
12.3+1.0
13.8+2.7
12.0+1.4
13.4+0.9
11.8+2.1

47.8+1.2

3.66+0.46
3.89+0.35

39.9+1.1

5.14+1.28

1.54+0.18

50.4+2.6

36.2+1.1

45.9+1.6

1.24+0.31

TOPC 73.5+3.8 46.9+1.0
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3.27+0.36  6.51+0.47

1.90+0.29

1.53+0.20

50.6+2.2
49.6+£3.4

10.1+0.8 4.75+0.38 4.31+0.87

13.0+1.5 4.41+1.36
10.3+1.5 4.23+0.85

32.9+1.8

3.93+0.50

1.38+1.10 51.6+1.4

TOPD 74.9+2.8 42.6+2.0

5.94+0.39
5.90+1.43

2.35+0.54  2.62+0.46

2.12+0.45
2.03+0.21

1.95+0.37

1.98+0.43

3.75+0.73
3.79+0.55

33.442.6
38.2+3.9
35.1+2.8

1.06+£0.15 47.5+1.4 4.78+0.82

74.6+4.9 45.0+5.2

TOPE

3.82+0.85

49.5+3.6

4.76+0.97
4.70+0.98
4.84+1.07
7.10+0.63

712429 46.142.4 0.84+0.27 45.842.6

TOPF

3.19+0.52  6.62+0.72

1.82+0.40

49.4+1.7

11.2+1.8 439+0.80 3.30+0.72

1.28+0.54 47.5+4.0

TOPG 712439 41.8+1.7

5.93+1.02

2.05+£0.50 4.12+0.83

1.68+0.40
1.82+0.35

52.0+£3.2
48.0+£3.3

3.87+0.60

3.34+0.59

42.5+4.0 10.6+1.5 4.29+0.88

38.7+4.0 9.3+2.3

0.66+0.15 41.5+2.3

66.3£6.3 45.9+1.7 0.75+0.16 44.0+2.6

TOPH 63.8+3.8 46.8+2.1

TOPI

2.11+£0.46 4.52+1.60 6.93+2.22

13.9+1.4

3.45+0.81

3.51 6.23

0.98

2.15
0.53

13.0

1.74
0.46
NS

3.71 49.3 15.2 7.13
0.93

k%
10.93

0.73
NS

36.6 10.8 4.27
1.04
NS

4.83

453 1.04 46.6
0.34

71.2

Mean

1.56

NS

2.1

0.8

3.5

1.8
kK
14.12

3.8
*%
8.60

0.98
*%
16.57

3.0
*%
5.38

33
*%
6.05

4.9

LSDO.OS
F- test

(6\%

*%
23.10

NS
20.62

*%
4.55

NS

*%
27.46

k%

21.04

13.39

21.73

5.94

16.65

20.68

5.78

Nigeria;

= Paoronk, TOPI

Avros, TOPH

Papua, TOPG

Ekona, TOPF

Malaysia, TOPD = Uti, TOPE

Univanich, TOPB = Surat 2, TOPC

Tenera oil palm cultivars: TOPA

TOPA-TOPI

a = Percentages may not add to 100% due to no inclusion of other constituents;

* ok

, respectively;

<001

= Statistically different at P d” 0.05 and P
not significantly different (P > 0.05).

>

NS

Among them, TOPD was the richest in palmitic acid (51.6%),
while TOPI tenera hybrid was the richest in stearic acid
(7.10%) (Table 1).

The major fatty acids in palm kernel oil were lauric
acid (C 12:0) (46.4-52.0%), myristic acid (C 14:0) (14.1-16.0%)
and oleic acid (C 18:1) (11.2-14.5%) (Table 1). These three
fatty acids gave the average values 0f 49.3, 15.2 and 13.0%,
respectively, but lauric acid contents were not different
among the cultivars. TOPH hybrid was rich in saturated fatty
acids, especially lauric acid, while TOPI hybrid was rich in
myristic acid. TOPI and TOPA hybrids showed the highest
content of palmitic and oleic acids at 8.14% and 14.5%,
respectively.

The ratio of oleic to linoleic acid (O/L) is considered
an important criterion to evaluate the mesocarp and kernel
oil quality (Kodad and Socias I Company, 2008). Increasing
O/L ratio by increasing oleic acid and decreasing linoleic
acid contents confers better stability and longer shelf life.
In this study, the O/L ratio varied from 2.62 to 4.52 and 5.14
to 6.93 in mesocarp and kernel oils, respectively. However,
the cultivars were different only in O/L ratio of palm oil but
not palm kernel oil.

3.2 Predicting biodiesel properties by fatty acid methyl
esters composition of oil

Fatty acid methyl esters (FAMEs) of seed oils and fats
were found suitable for use as biodiesel in diesel engine.
FAME:s as biodiesel are environmentally safe, non-toxic and
biodegradable. SN, IV, and CN are used to predict the quality
of FAME:s for this purpose. SN depends on molecular weight
and percentage of fatty acid components. IV depends upon
three variables, i.e. percentage of unsaturated fatty acid
components, their molecular weight, and the number of
double bonds present in them. While CN gives an indication
of ignition quality of the fuel, the higher value the better
quality (Azam et al., 2005). The values of SN, IV, CN, and
HHVs of oils from mesocarp and kernel are shown in Table 2.
SN, IV and CN of fatty acid methyl ester of mesocarp oil
varied from 196.5-198.9, 45.7-54.6, and 61.8-63.6, respectively,
and different among cultivars; while those from kernel oil
varied from 229-242, 13.6-16.4 and 65.3-66.5, respectively,
but not different among cultivars.

Cetane number is an ability of fuel to ignite quickly
after injection; the higher value the better emission of fuel.
This is an important parameter considered during selection
of FAMEs for use as biodiesel (Jesikha, 2012). CN is included
in a fuel quality specification in petroleum diesel standard.
A minimum CN of 40 is required in the American Society for
Testing and Materials (ASTM) D975-09 as well as in the
biodiesel standard. A minimum of 47 prescribed for neat
biodiesel in ASTM D6751-09, and a minimum of 51 in German
standard E DIN 51606 (Bezaire et al., 2010). In the present
study, CN of palm oil and palm kernel oil methyl esters are
higher than that of the standard number (>51), because palm
oil and palm kernel oil are rich in saturated fatty acids.
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Table2. Biodiesel properties of oils from mesocarp and kernel of nine oil palm cultivars.

Oil palm Palm oil Palmkernel oil

cultivar SN % CN HHV SN % CN HHV
TOPA 197.9+0.9 45.9+0.5 63.6£02  40.63+0.04 22943 16.4+2.0 66.5+0.2 39.840.1
TOPB 197.6+0.4 52.0+1.8 622404  40.55+0.02 23746 15.9+2.4 65.8+1.1 39.5+0.3
TOPC 197.3+1.0 51.9+1.9 623103  40.56+0.02 236+1 13.6+0.3 66.4+1.1 39.6+0.4
TOPD 198.9+0.3 457+1.5 63.5403  40.59+0.01 239+11 13.8£1.3 66.0+1.3 39.440.5
TOPE 197.5+1.0 51.0+1.1 625402  40.57+0.04 24246 159433 65.3+04 39.3+0.2
TOPF 197.240.8 50.5+1.6 62.6£03  40.59+0.03 235+11 13.9+1.7 66.5+1.0 39.6+0.4
TOPG 197.8+1.4 49.4+3.7 62.840.7  40.58+0.04 23744 14.9+0.9 66.0+0.4 39.5+0.2
TOPH 196.6+0.5 54.6+1.3 61.8402  40.55+0.01 24046 13.742.5 66.0+0.4 394402
TOPI 196.5+0.4 49.142.1 63.040.5  40.64+0.02 235+8 15.5¢1.6 66.140.8 39.6+0.3
Mean 197.5 50.0 62.7 40.58 237 14.8 66.1 39.5
LSD,, 1.0 24 0.5 0.03 9 24 09 04
F- test ok ok ok ok NS NS NS NS
o 043 3.97 0.62 0.07 333 13.61 1.20 0.80

TOPA-TOPI = Tenera oil palm cultivars: TOPA = Univanich, TOPB = Surat 2, TOPC = Malaysia, TOPD = Uti, TOPE = Ekona,
TOPF = Papua, TOPG = Avros, TOPH = Paoronk, TOPI = Nigeria;
SN = saponification number (mgKOH/g), IV = iodine value (g Iodine/100g oil), CN = cetane number, HHV = higher heating

values (MJ/kg);

" = statistically different at P < 0.05 and P < 0.01, respectively;

NS = not significantly different (P > 0.05).

Iodine value is a measurement of unsaturation of fats
and oils; higher IV indicates higher unsaturation (Knothe,
2002). A standard minimum IV for biodiesel was 120 for
European’s EN 14214 specification (Sokoto ef al., 2011). IV
among the nine hybrid tenera palm oil and palm kernel oil
methyl esters were low (<55.0) because the oils were rich
in saturated fatty acids such as palmitic (C16:0), stearic
(C18:0), lauric (C12:0), and myristic (C14:0) acids which lower
the value.

Another important property characterizing a fuel is
its energy content. This parameter is called calorific value
(CV), or heat of combustion or heating value (HV). HV of a
vegetable oil can be calculated by using SN and IV obtained
from simple chemical analyses (Demirbas, 1998a). Higher
heating values (HHVs) are calculated by using Equation 4
mentioned earlier. HHVs of the mesocarp and kernel oil
showed very low variation, ranging from 40.55 to 40.64 MJ/kg
and 39.3 to 39.8 MJ/kg, respectively. TOPH hybrid palm oil
contained high unsaturated fatty acids (oleic and linoleic)
and high IV, thus showing low HHVs. The heating value of
a fuel increases with increasing carbon number in fuel
molecules, as well as with increasing ratio of carbon and
hydrogen to oxygen and nitrogen atoms (Demirbas, 1997).

3.3 Correlation between biodiesel properties and fatty acid
composition in palm oil and palm kernel oil

Correlations between palm oil biodiesel properties
and fatty acid methyl ester of mesocarp and kernel oil are

shown in Table 3 and 4. Oleic acid in mesocarp oil was
negatively correlated with myristic and palmitic acid, while
myristic acid content showed positive correlation with
palmitic acids (Table 3). The negative correlation reveals that
when the amount of oleic acid increased, the amounts of
myristic and palmitic acids decreased. These results agreed
with the previous report in oils extracted from oil palm
germplasm by Chaves-Salas and Sterling-Rodriguez (1991).
Oleic acid also showed negative correlation with linoleic
acid. Similar results were observed in the seed oil of other
oilseed crops such as soybean (Rebetzke et al., 1996). One
reason for the inverse relationship between these fatty acids
could be environmental dependent on where the genotypes
were grown (Fernandez-Martinez et al., 1993). In kernel oil,
caprylic acid was positively correlated with capric acid but
negatively correlated with palmitic and oleic acids, while
oleic acid content had a positive correlation with palmitic
acid (Table 4).

Cetane number was positively correlated with methyl
ester of palmitic acid from mesocarp oil, but negatively cor-
related with methyl ester of oleic and linoleic fatty acids
(Table 3). Similar result was reported by Gopinath et al.
(2010) that CN was positively correlated with methyl esters
of lauric, myristic, palmitic, and stearic fatty acids, but nega-
tively correlated with those of oleic, linoleic, and linolenic
fatty acids.

From the correlation analysis, it can be observed that
both palmitic and muyristic acids from mesocarp oil had
negative correlation with iodine value (Table 3). For saponi-
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Table 3. Correlations between oil content, fatty acid profile and biodiesel traits in mesocarp of nine oil palm cultivars.

Component Myristic Palmitic Stearic Oleic  Linoleic O/L v SN CN TSFA TUSFA SR HHV
Oil 0.72%* 0.76* -0.59 -0.71* 046 -0.76% -0.41 0.77 0.32 0.61 -0.60 0.58 -0.16
Myristic 0.87** -0.34 -0.87** 0.33 -0.78* -0.66 0.84** 0.59 0.82*%* -0.81** 0.82** 0.10
Palmitic -0.26 -0.92** 0.09 -0.64 -0.86** 0.93** 0.80** 0.96*%* -0.95** 0.95** 0.31
Stearic 0.06 -0.38 045 -0.19 -0.55 0.31 0.04 -0.07 0.04 0.79%*
Oleic -0.34  0.78*  0.78*% -0.75*% -0.73* -0.94%* 0.94** -0.93** -0.36
Linoleic -0.81** 0.33 0.09 -0.38 0.00 -0.01 -0.01 -0.54
O/L 024 -059 -0.17 -0.55 0.55 -0.54 0.24
v -0.69%  -0.99%* -0.94%* (0.94%* -0.95%* -0.73*
SN 0.60 0.79* -0.77*  0.79* 0.01
CN 0.91** -0.91** 091** 0.81**
TSFA -1.00*¥* 1.00*%* 0.56
TUSFA -1.00** -0.58
SR 0.56

Correlation shown in bold face type are significant at 5% (*) and 1% (**) levels of probability (df = 7); O/L = Oleic acid/linoleic acid;
TSFA = total saturated fatty aicd; TUSFA = total unsaturated fatty acid; SR = saturation ratio (TSFA/TUSFA); SN = saponification
number; IV = iodine value; CN = cetane number; HHV = higher heating values.

fication number showed a positive correlation with palmitic
and myristic acids but negative with oleic acid.

Iodine value showed negative correlation with (HHVs)
(Table 3). An increasing in IV resulted in decreasing in heat
content of the oil. Demirbas et al. (1998b) reported that HHV's
are related with structural properties of the oil. They increase
with increasing chain length and decrease with increasing in
number of double bonds. An increase in heat content is a
result of increasing in number of carbons and hydrogens,
and vice versa. From the correlation analysis, IV showed
negative correlations with SN and CN, while SN has a
positive correlation with CN. Correlation between CN and
percentage of unsaturation was negative in mesocarp oil but
not significant in kernel oil. These are in line with the results
reported by Bangboye and Hansen (2008) who verified that
CN follows the same trend in composition of the FAME
compounds in the feedstocks used. A feedstock high in
saturated fatty esters has higher CN. The I'V observed in this
study exhibited a negative correlation with CN and showed
positive correlation with percentage of unsaturation. Rao
et al. (2010) reported that biodiesel made from vegetable
oils with high amount of saturates (low IV) have a higher
CN than those with high amount of unsaturates (high IV).
Knoth (2005) found that CN increases with increasing chain
length, decreasing branching and unsaturation. These
chemical structures increase the HV and thus slow a tendency
for CN to increase together with viscosity and HV (Demirbas,
2003b). The correlation between CN and HHVs can be
clearly observed in mesocarp oil (Table 3).

4. Conclusions
Palm oils in this study are rich in saturated fatty acids

such as lauric, myristic and palmitic acids with predicted CN
of 61.78-63.55 and IV of 45.71-54.63. The standard of

biodiesel in Thailand requires that CN of the fuel should be
over 51 (ASTM D 613) and IV should be no less than 120 (EN
14111), thus this oils can be used as a good feedstock of
biodiesel. Cetane number of palm oil biodiesel showed
positive correlation with saturated fatty acids but negative
with unsaturated fatty acids and I'V.

Acknowledgements

The authors are grateful to Office of the Higher Edu-
cation Commission, Ministry of Education, Thailand, for
providing the financial support to the Centre of Excellence in
Oil Palm Biotechnology for Renewable Energy of Kasetsart
University. We also thank Kasetsart University for partial
financial support.

References

AOAC. 2000. Oil and Fats. Official Methods of Analysis of
AOAC International. 17" ed. Vol. II, AOAC Inter-
national, Maryland, U.S.A.

Azam, M.M., Waris, A. and Nahar, N.M. 2005. Prospects and
potential of fatty acid methyl esters of some non-
traditional seed oils for use as biodiesel in India.
Biomass and Bioenergy. 29(4), 293-302.

Bamgboye, A.I. and Hansen A.C. 2008. Prediction of cetane
number of biodiesel fuelfrom the fatty acid methyl
ester (FAME) composition. International Agrophysics.
22,21-29.

Bezaire, N., Wadumesthrige, K., Simon Ng, K.Y. and Salley, S.
0. 2010. Limitations of the use of cetane index for
alternative compression ignition engine fuels. Fuel.
89(12),3807-3813.

Chaves-Salas, C. E. and Sterling-Rodriguez, F. 1991. Variation
in the total of unsaturated fatty acids in oils extracted



394

Table 4 Correlations between oil content, fatty acid profile and biodiesel traits in kernel of nine oil palm cultivars.

SR

SN CN TSFA  TUSFA
006 -001

0.34

v
-0.06
044

-0.63

O/L
0.29
047
042

051

Linoleic

Oleic

0.16

Stearic

Myristic Palmitic

lauric

Component caprylic capric

Oil

-0.07
-0.30
0.39

0.19
045

0.66

0.11

0.14
0.32
0.51

0.34

-0.13

0.12
038
043

0.12

0.01
-0.77*
-0.70*
0.55

0.49
-0.53
0.25
-0.05

0.04
0.49

0.60

0.06

0.69*

036

045
-0.63

-0.05

045
0.62

Caprylic
Capric
Lauric

044 001

0.75*

043
-0.05

0.21
033
0.26

0.16

0.29

-0.68*
047
-0.02
0.25
0.23
0.21
0.10
0.26

0.94**

0.11

20,847
024

0.90**
0.35

021

0.59
042
039
033
-0.08

0.19
021

-0.84**
0.23

0.32
0.62
0.16

0.03
0.20
0.17
0.32

-0.83** 042
0.25

0.48
0.56

0.69*

Myristic

C. Lamasiri et al. / Songklanakarin J. Sci. Technol. 37 (4), 389-395, 2015

-0.99**
0.84**

-0.89**
0.25

048

-0.96**
036
0.64
-0.95%*
0.56
0.07
0.80*
-0.96**

-0.65

0.16

0.72*
0.28
0.99**
042
0.62
0.99**
034
032
0.64

0.14
0.62
037
032

0.93**
051

0.64

032
-0.78*

035

0.70*
0.29
0.98**
0.51
0.54

0.70*
043

0.73*
0.28

Palmitic
Stearic
Oleic
Linoleic
O/L
TSFA
TUSFA
SR

v
SN
CN

= higher heating

cetane number; HHV

Oleic acid/linoleic acid; TSFA = total saturated fatty aicd,

total unsaturated fatty acid; SR = saturation ratio (TSFA/TUSFA); SN = saponification number; [V = iodine value; CN

Correlation shown in bold face type are significant at 5% (*) and 1% (**) levels of probability (df=7); O/L

TUSFA
values.

from different oil palm germplasms. ASD Oil Palm
Paper. 3, 5-8.

Demirbas, A. 1997. Calculation of higher heating values of
biomass fuels. Fuel. 76(5), 431-434.

Demirbas, A. 1998a. Fuel properties and calculation of higher
heating values of vegetable oils. Fuel. 77(9-10), 1117-
1120.

Demirbas, A. 1998b. Combustion properties and calculation
higher heating values of diesel fuels. Petroleum
Science and Technology. 16(7-8), 785-795.

Demirbas, A. 2003a. Fuel conversional aspects of palm oil
and sunflower oil. Energy Sources. 25(5), 457-466.

Demirbas, A. 2003b. Chemical and fuel properties of seven-
teen vegetable oils. Energy Sources. 25(7), 721-728.

Fernandez-Martinez, J., del Rio, M. and de Haro, A. 1993.
Survey of safflower (Carthamus tinctorius L.)
germplasm for variants in fatty acid composition and
other seed characters. Euphytica. 69, 115-122.

Gopinath, A., Puhan, S. and Nagarajan, G. 2010. Effect of
biodiesel structural configuration on its ignition
quality. International Journal of Energy and Environ-
ment. 1(2), 295-306.

Jesikha, M. 2012. Fatty acid methyl esters characteristic and
esterification of some vegetable oils for production of
biodiesel. International Journal of Engineering and
Science. 1(12),50-53.

Kalayasiri, P., Jayashoke, N. and Krisnangkura, K. 1996.
Survey of seed oils for use as diesel fuels. Journal of
the American Oil Chemists’ Society. 73(4), 471-474.

Karaosmanoglu, F., Cigizoglu, K.B., Tuter, M. and Ertekin, S.
1996. Investigation of the refining step of biodiesel
production. Energy and Fuels. 10(4), 890-895.

Knothe, G. 2002. Structure indices in FA chemistry. How
relevant is the iodine value? Journal of the American
Oil Chemists’ Society. 79(9), 847-854.

Knothe, G. 2005. Dependence of biodiesel fuel properties
on the structure of fatty acid alkyl esters. Fuel
Processing Technology. 86(10), 1059-1070.

Knothe, G. and Steidley, K.R. 2005. Kinematic viscosity of
biodiesel fuel components and related compounds.
Influence of compound structure and comparison to
petrodiesel fuel components. Fuel. 84(9), 1059-1065.

Kodad, O. and Socias I Company, R. 2008. Variability of oil
content and of major fatty acid composition in
almond (Prunus amygdalus Batsch) and its relation-
ship with kernel quality. Journal of Agricultural and
Food Chemistry. 56(11),4096-4101.

Krisnangkura, K. 1986. A simple method for estimation of
Cetane index of vegetable oil methyl esters. Journal
of the American Oil Chemists’ Society. 63(4), 552-553.

Meher, L.C., Vidya Sagar, D. and Naik, S.N. 2006. Technical
aspects of biodiesel production by transesterifica-
tion - a review. Renewable and Sustainable Energy
Reviews. 10(3), 248-268.

Mittelbach, M. and Remschmidt, C. 2004. Biodiesel: The
Comprehensive Handbook Boersedruck GmbH,



C. Lamasiri et al. / Songklanakarin J. Sci. Technol. 37 (4), 389-395, 2015

Vienna, Austria.

Muniyappa, P.R., Brammer, S.C. and Noureddini, H. 1996.
Improved conversion of plant oils and animal fats into
biodiesel and co-product. Bioresource Technology.
56(1),19-24.

Pinzi, S., Leiva, D., Arzamendi, G., Gandia, L.M. and Dorado,
M.P. 2011. Multiple response optimization of veget-
able oils fatty acid composition to improve biodiesel
physical properties. Bioresource Technology. 102(15),
7280-7288.

R-Development Core Team, 2008. R: A language and envi-
ronment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria.

Ramos, M.J., Fernandez, C.M., Casas, A., Rodriguez, L. and
Perez, A., 2009. Influence of fatty acid composition of
raw materials on biodiesel properties. Bioresource
Technology. 100(1), 261-268.

395

Rao, P.V., Clarke, S. and Brown, R. Influence of iodine value
on combustion and emission characteristics of a DI
diesel engine. Proceedings of Chemeca 2010: The 40"
Australasian Chemical and Process Engineering
Conference, Adelaide, South Australia, September 26-
29, 2010.

Rebetzke, G.J., Pantalone, V.R., Burton, J.W., Carver, B.F. and
Wilson, R.F. 1996. Phenotypic variation for saturated
fatty acid content in soybean. Euphytica. 91, 289-295.

Sokoto, M. A., Hassan, L.G., Dangoggo, S.M., Ahmad, H.G
and Uba, A. 2011. Influence of fatty acid methyl esters
on fuel properties of biodiesel produced from the
seeds oil of Curcubita pepo. Nigerian Journal of
Basic and Applied Science. 19(1), 81-86.

Yarmo, M. A., Alimuniar, A., Ghani, R.A., Suliaman, A.R.,
Ghani, M., Omar, H. and Malek, A. 1992. Transesteri-
fication products from the metathesis reaction of
palm oil. Journal of Molecular Catalysis. 76(1-3), 373-
379.



