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ABSTRACT

A one-year crude palm kernel oil survey was
conducted from May 1998 to April 1999 to
monitor the oil’s characteristics. Nineteen kernel
crushers from all over Malaysia participated in
the survey. The mean composition of the major
fatty acids was as follows: lauric acid, 47.9%;
myristic acid, 16.7%; palmitic acid, 8.5% and
oleic acid, 14.9%. The mean moisture and impu-
rities content, free fatty acid content, iodine
value (Wijs) and colour were 0.127%, 2.01% as
lauric acid, 17.8 and 6.1 Red 60.4 Yellow re-
spectively. These values indicate that the
analysed crude palm kernel oil samples were
within the Malaysian Edible Oil
Manufacturer’s Association Domestic Contract
and Specification requirement.

ABSTRAK

Bancian mengenai ciri-ciri minyak isirung
sawit mentah telah dijalankan selama satu
tahun bermula dari Mei 1998 hingga April
1999. Sebanyak 19 buah syarikat pengeluar
minyak telah mengambil bahagian.
Kandungan purata asid lemak yang terdapat
di dalam minyak tersebut adalah seperti
berikut: asid laurik, 47.9%; asid miristik,
16.7%; asid palmitik, 8.5% dan asid oleik,
14.9%.  Kandungan purata lembapan dan
bendasing, kandungan asid lemak bebas, nilai
iodin (Wijs) dan warna pula masing-masing
adalah 0.127%, 2.01% sebagai asid laurik, 17.8
dan 6.1 Merah 60.4 Kuning masing-masing. Ini
menunjukkan bahawa sampel minyak yang
dianalisis menepati ciri-ciri sepertimana yang
telah ditetapkan oleh Persatuan Pekilang-
Pekilang Minyak Makan Malaysia.

Keywords: fatty acid composition, free fatty
acid, moisture and impurities, iodine value,
colour.

INTRODUCTION

Crude palm kernel oil (CPKO) is extracted from
the kernel or seed of the palm fruit by
mechanical screw pressing or solvent extraction.
It contains a wide range of fatty acids which are
present as the acyl groups in the triacylglycerols
of the oil. CPKO is considered a lauric oil since
its major fatty acid is lauric acid. The main use
of the oil is for soap, particularly high quality
toilet soaps as the lauric and other fatty acids
impart excellent solubility and quick lathering
properties. The oil is also used in formulations
for margarine, shortening, confectionery and ice
cream.

In 1998, Malaysia produced 1.111 million
tonnes of CPKO and the production steadily
increased to 1.532 million tonnes in 2001 (Table
1). However, a slight reduction in production was
recorded in 2002 mainly due to a lower palm
kernel supply in West Malaysia. East Malaysia
contributed 20.5% of the country’s CPKO
production in 1998 and its share rose to 32.7% in
2002. The increase in the oil production
paralleled the increase in palm kernel
production in East Malaysia.

The Malaysian Palm Oil Board (MPOB)
conducted a one-year CPKO survey from May
1998 to April 1999. The purpose was to provide
the latest information on the characteristics
of local CPKO and to ascertain whether the
quality of the oil is within the Malaysian Edible
Oil Manufacturers’ Association’s (MEOMA)
Domestic Trade and Specifications (Table 2).
Morever, the last survey was carried out in 1981
(Siew and Berger, 1981) and a new survey was
necessary for data updating. Forty-seven kernel
crushers (PORLA, 1997) from all over Malaysia
were invited to participate in the survey.
However, only 19 agreed. They were requested to
deliver monthly CPKO samples throughout the
survey. All the samples were analysed for iodine
value (I.V.), free fatty acid (FFA) content, moisture
and impurities (M&I) content, colour and fatty
acid composition (FAC). The distribution of the
participants is shown in Table 3.
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TABLE 1. PALM KERNEL AND CRUDE PALM KERNEL OIL (CPKO) PRODUCTION
(million tonnes)

Palm kernel CPKO

1998 1999 2000 2001 2002 1998 1999 2000 2001 2002

West M’sia 1.899 2.344 2.328 2.358 2.161 0.883 1.052 1.047 1.085 0.991

East M’sia 0.531 0.681 0.835 1.009 1.108 0.228 0.287 0.337 0.447 0.482

Total 2.430 3.025 3.163 3.367 3.269 1.111 1.339 1.384 1.532 1.473

Source: MPOB (2002).

TABLE 2. MEOMA DOMESTIC CONTRACTS AND SPECIFICATIONS
FOR CRUDE PALM KERNEL OIL

Free fatty acid (as lauric acid) 5% max. If above 5%, rejectable.

Iodine value 16.5-18.75. If above, rejectable on a
load to load basis.

Moisture and impurities 0.5% max.

Colour (51/4 inch Lovibond cell) Range: 4 Red-8 Red and 60 Yellow max.

Source: MEOMA (2001).

TABLE 3. DISTRIBUTION OF PARTICIPANTS BY REGIONS

     Region No. of participants

Peninsular Malaysia
Southern 5
Central 6
Eas te rn 3
Northern 2

East Malaysia
Sabah 3

EXPERIMENTAL

Crude Palm Kernel Oil (CPKO) Samples

All the participants were supplied with
clean, white plastic bottles to ensure that the
monthly samples were delivered in standard and
uncontaminated containers. Sampling was
carried out at any point after the filtration but
before the oil entered the bulk storage tank. All
the participants had extracted their oil by screw
pressing (double pressing).

Blended Crude Palm Kernel Oil (CPKO)

Four CPKO samples with I.V. from 17.2
to 17.5 were blended with 0.5, 1.0, 2.0, 4.0, 8.0
and 16.0% w/w of CPO. The I.V. of the CPO was
53.7.

Reagents /Apparatus

Standard reagents and apparatus used
were as required by the methods of analyses.
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Instrument

Hewlett-Packard 5890 GC analyser
equipped with flame ionization detector, HP
3396A integrator and BPX-70 capillary column
(0.25 mm internal diameter x 60 m).

Analytical Methods

All the analyses were according to
PORIM Test Methods (1995).

RESULTS AND DISCUSSION

Overall Results

The results from the survey are
illustrated in Table 4. Except for the fatty acid
composition, all the analyses were according to
the MEOMA Domestic Trade and Specification
requirements. A total of 174 CPKO samples were
analysed. The mean values of I.V., FFA, M&I
and colour were 17.8, 2.01% as lauric acid,
0.127% and 6.1 Red 60.4 Yellow, respectively.
The results for each parameter are elaborated in
the relevant sections.

Iodine Value (I.V.)

I.V. measures the content of unsaturation
or double bonds of CPKO. It serves as an
indicator in determining the yield of palm kernel
olein and palm kernel stearin in the

TABLE 4. 1998/99 CRUDE PALM KERNEL OIL (CPKO) SURVEY  RESULTS

1998/99 Survey

Analys is R a n g e M e a n S .D

Iodine value (Wijs) 17.0-20.0 17.8 0.53

Free fatty acid content, 0.36-6.78 2.01 1.12
% as lauric acid

Moisture & impurities content (%) 0.043-0.319 0.127 0.035

Colour (51/4” Lovibond cell) 4R30Y-9R78Y 6.1R-60.4Y 0.8R11.4Y

Fatty acid composition (%)
     C6 0.2-0.4 0.3 0.04
     C8 3.2-4.7 3.6 0.3
     C10 2.9-3.5 3.3 0.1
     C12 45.4-49.8 47.9 0.8
     C14 15.4-17.2 16.7 0.3
     C16 7.9-9.3 8.5 0.3
     C18 1.9-2.3 2.1 0.1
     C18:1 13.7-17.0 14.9 0.6
     C18:2 2.1-2.9 2.5 0.1

fractionation of palm kernel oil. Figure 1 shows
the effect of I.V. on stearin yield, where an
increase in I.V. of the feedstock by 1.9 units
reduces the stearin yield by about 11%. Thus, the
I.V. of CPKO has become a great concern to the
related industry since a high value would lead to
a reduction in the stearin yield, which is the
premium product. The range in I.V. was 17.0 to
20.0 with a mean of 17.8, as shown in Table 4.
Ten samples of Sabah origin exceeded the
maximum level of 18.75 as illustrated in Figure
2. Figure 3 shows that a high I.V. phenomenon
was produced between June to September 1998.
The highest value of 20 was recorded in June
1998. At the end of the survey, the three kernel
crushers from Sabah were requested to continue
sending their samples until September 1999 to
monitor the I.V. situation. However, the high I.V.
phenomena did not recur. The I.V. during the
extended period  ranged from 16.6 to 18.3.

Table 5 shows that the average I.V. of
the current survey, that is 17.8, was the same as
that in Siew and Berger’s survey but lower than
Jacobsberg’s (1974) findings. It seems that the
mean I.V. has declined slightly from 18.3 in 1974
to 17.8 in 1981 and then stabilized at 17.8 until
now.

Free Fatty Acid (FFA) Content

This is the most important characteristic
used in trade contracts. Table 4 shows that the
FFA content ranged from 0.36%-6.78% with an
average of 2.0% as lauric acid. Figure 4 shows
that only two samples, which originated from the
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TABLE 5. COMPARISON OF CRUDE PALM KERNEL OIL CHARACTERISTICS

Analys is MPOB survey Siew and Berger Jacobsberg (1971)

1998/99 (1981) Low FFA High FFA

Iodine value (Wijs) 17.8 17.8 18.2 18.5

FFA content, % as lauric acid 2.01 n . a 1.25 4.0

Moisture & impurities content (%) 0.127 n . a n . a n . a

Colour (51/4” Lovibond cell)
Red 6.1 5.5 n . a n . a
Yellow 60.4 50.0 n . a n . a

Fatty acid composition (%)
C6:0 0.3 0.3 0.1 0.1
C8:0 3.6 4.4 2.2 3.1
C10:0 3.3 3.7 3.7 3.8
C12:0 47.9 48.3 47.1 44.0
C14:0 16.7 15.6 15.3 15.2
C16:0 8.5 7.8 11 11.2
C18:0 2.1 2.0 2.0 2.5
C18:1 14.9 15.1 15.9 17.9
C18:2 2.5 2.7 2.7 2.2

Note: n.a: not analysed.

same participant, exceeded the maximum level
of 5%. Most of the sample (52.3%) population had
FFA contents of less than 2% as lauric acid,
42.5% from 2%-4% and only 4.1% from 4.01%-
5.0%. This indicates that good quality CPKO is
produced by Malaysian kernel crushers since
94.8% of the oil had a FFA content of less than
4% as lauric acid, which is far below the 5%
maximum.

Moisture and Impurities (M&I) Content

Table 4 shows that the range of M&I
content is 0.043%-0.306% with a mean of 0.127%,
which is within the MEOMA specification.
Figure 5 shows that 95.4% of the samples had
M&I contents of less than 0.2%, which is far
below the 0.5% maximum specified by MEOMA.

Colour

Colour was expressed according to the
Lovibond scale and ranged from 4 Red 30 Yellow
to 9 Red 78 Yellow with an average of 6.1 Red
60.4 Yellow. Table 5 shows that the average
colour had increased by 0.6 Red  from  Siew and
Berger’s survey. Three samples exceeded the
MEOMA specification as shown in Figure 6. The
non-conforming samples were received from
three different regions in Peninsular Malaysia.

Fatty Acid Composition (FAC)

Though FAC is not part of the trade
contract, it was included in the survey to provide
useful reference data for the characterization of
Malaysian CPKO. FAC provides information on
the total content of saturated as well as
unsaturated fatty acids (UFA)  which influence
the I.V. of the oil. Table 4 shows that CPKO has
a narrow range of variation in its chemical
composition. The FAC profile from this survey is
comparable to that reported by Siew and Berger
(1981). However, significant differences were
observed with Jacobsberg’s (1971) findings, as
shown in Table 5. The total UFA, that is oleic
and linoleic acids, has decreased. Jacobsberg
reported that total UFA was 18.6% for low FFA
and 20.1% for high FFA CPKO. The total UFA
reported by Siew and Berger and this survey are
17.8% and 17.4%, respectively. This decrease
resulted in a decline of the I.V. This explains
why the I.V. reported by Siew and Berger and
this survey are lower than that of Jacobsberg.

Figure 7 shows the variations in mean
UFA content and mean I.V. of CPKO. As
mentioned earlier, the I.V. of CPKO from Sabah
was substantially higher from June to
September 1998. This was consistent with the
mean total UFA observed which was also higher
in the same period.
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Figure 1. Effect of iodine value on stearin yield.

Note: Hard and soft settings refer to the degree of C36 and C38 triglycerides deposition.

Source: Wong Soon (1991).

40 I.V. = 16.8 (Hard setting)

I.V. = 17.6 (Hard setting)

I.V. = 18.7 (Hard setting)

I.V. = 18.7 (Soft setting)

Figure 2. Iodine value distribution.
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Figure 4. Free fatty acid content distribution.

Figure 5. Moisture and impurities content distribution.
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Figure 6. Colour distribution.
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High Iodine Value (I.V.) Crude Palm Kernel Oil
(CPKO)

A study by Siew et al. (1995) on the
composition of CPKO in palm kernel showed that
kernel size affects I.V. in the oil. The study
categorized the kernels into three sizes - smaller
than 9.5 mm, 9.5 to 12.5 mm and larger than
12.5 mm, and reported that small kernels tended
to have higher I.V. than the larger kernels. The
I.V. of oil from the small kernels was 19.2.
However, the current survey could not ascertain
whether all the high I.V. samples were due to
small kernels because the participants were only
requested to deliver their oil samples.

Some possible reasons for the high I.V.
include overpressing of the fruits during CPO
extraction, contamination from previous cargo
load in tankers and adulteration with palm oil.
Overpressing the fruits causes pre-mature
cracking of the shell, thus contaminating the
kernels with some CPO. Contamination from
previous cargo load, e.g. palm oil or palm olein,
could arise if the tankers are not thoroughly
cleaned. Adulteration of CPKO with palm oil or
its products obviously would increase the I.V. of
CPKO and such malpractice should be severely
punished.

The survey samples were collected after
the filtration stage but before the oil entered the
bulk storage tank. Therefore, a study on CPKO
blended with CPO was conducted to observe the
I.V. characteristics of the blended oils. The FAC
profile of the blended oils can be used as a guide
in comparing the profile with  high I.V. oils. This
would enable us to check  any resemblance of the
FAC profile of the high I.V. samples with that of
the blended oils.

The I.Vs. of the stock CPKOs ranged
from 17.2 to 17.5 and the results are shown in
Table 6. Figure 8 illustrates the effect of blending
the CPKOs with 0.5% to 16% w/w CPO on I.V.
where the I.V. increased with increasing amount
of CPO. CPKOs blended with 8% CPO exceeded
the MEOMA specification for I.V. Figures 9 to 14
show the FAC profiles of the high I.V oils and the
4%, 8% and 16% blended oils. If a small amount
of CPO on the kernels had caused the high I.V.
in the samples from Sabah, then the FAC
profiles of the high I.V. oils should match  that
of the 8% blended oil. However, none of the high
I.V. CPKO had the same FAC profile as the 8%
blended oil. The lack of similarity in the FAC
profiles between the high I.V. samples and the
8% blended oil was confirmed by t-test statistical
analysis where the FAC profiles of the high I.V.
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Figure 7. Variation of mean iodine value and unsaturated fatty acid content.
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oils were significantly different from that of the
blended oil. Therefore, overpressing the fruits
during CPO extraction leading to high I.V. in
CPKO from Sabah is very unlikely. Further, the
high I.V. oils had high lauric and myristic acids,
indicating that the oils were natural and not
likely to have been contaminated by CPO.

CONCLUSION

The results from the survey show that a large
proportion of the samples were within the
MEOMA Domestic Contracts and Specifications
requirement. In fact, the means of all the
parameters were well within the permissible
limits. This indicates that the participants had
taken the necessary measures to adhere to the
sales contract requirements. Further, the
1998/99 survey showed that the chemical
characteristics, namely I.V. and FAC of  CPKO,

were comparable to those reported by Siew and
Berger (1981). The chemical characteristics of
the oil have not changed in the past 17 years.
However, a minor darkening of the oil was
observed.

The high I.V. (>18.75) observed in June-
September 1998 appeared to be  genuine and not
the result of contamination with CPO. This is a
good image to kernel crushers since the high I.V.
oils were not due to intentional or unintentional
contamination. It is heartening to note that the
high I.V. phenomenon did not recur in 1999.

ACKNOWLEDGEMENTS

The authors wish to thank the Director-General
of MPOB for permission to publish this paper
and also all the participants for consistent
delivery of the CPKO samples.

U
ns

at
ur

at
ed

 F
A

TABLE 6. IODINE VALUE OF CRUDE PALM KERNEL OIL (CPKO)/CRUDE PALM OIL (CPO)
BLENDS (CPO I.V.=53.7)

CPO% CPKO A CPKO B CPKO C CPKO D

0.0 17.5 17.3 17.4 17.2
0.5 17.7 17.4 17.5 17.4
1.0 18.1 17.8 17.6 18.0
2.0 18.4 18.1 17.7 18.4
4.0 18.7 18.7 18.3 18.8
8.0 19.9 20.0 20.3 20.2
16 22.3 23.5 22.4 22.6

Unsat. F.A.
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Figure 8. Iodine value of crude palm kernel oil (CPKO)/crude palm oil (CPO) blends.
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Figure 9. Lauric acid content.

C
12

 c
on

te
nt

, 
(%

)

Sample number

High I.V.



Current Status of Malaysian Crude Palm Kernel Oil Characteristics

25

Figure 10. Myristic acid content.
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Figure 11. Palmitic acid content.
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Figure 12. Stearic acid content.
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Figure 13. Oleic acid content.
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Figure 14. Linoleic acid content.
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