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Palm acid oil (PAQ) is a by-product obtained from the alka-
line refining of palm oil. It is used for making laundry
soaps and for producing calcium soaps for animal feed for-
mulations. The properties and composition of PAO may
differ according to variations in the palm oil feedstock and
the alkaline refining process. Because information on the
characteristics of PAQ is limited, this investigation aims
to establish the properties of this product. Quality and ox-
idative parameters of 27 samples of PAO were determin-
ed. The six parameters analyzed were moisture and free
fatty acid content, peroxide value, iodine value, saponifica-
tion value and unsaponifiable matter. Headspace-gas-chro-
matographic (HSGC) analysis and gas-chromatographic
analysis of the extract from Likens-Nickerson steam dis-
tillation of the samples were also carried out. Mean mois-
ture content was 0.98%, free fatty acids 62.6% (palmitic
acid), peroxide value 4.1 meq/kg, iodine value 50.2, saponi-
fication value 186 and unsaponifiable matter 0.53. HSGC
profiles of a few samples showed the presence of one to
three peaks, while the steam distillation extract showed
the presence of aldehydes, ketones, furans and acids.
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oil, PV, saponification value, unsaponifiable matter and headspace-
GC volatiles.

Crude palm oil obtained from the mesocarp of the palm fruit
must be processed before it is used in edible applications.
Processing involves refining, bleaching and deodorizing the
oil. There are two types of refining, namely physical and
alkaline/chemical refining. Physical refining involves steam
distillation under vacuum (2-6 mm Hg) at 240-260°C.
Alkaline refining (Fig. 1) involves neutralization with alkali
such as caustic soda. One of the by-products of alkaline refin-
ing is soapstock, which contains some emulsified neutral
oil. The soapstock is easily separated from the neutralized
oil by density-difference or centrifugal separation. Acidifica-
tion of the soapstock gives the acid oil. The main com-
ponents of palm acid oil (PAO) are free fatty acids (FFAs),
neutral oil and moisture.

PAO is exported from Malaysia to Europe, Japan, India
and other countries. For the year 1991, PAO export from
Malaysia totalled 37,154 million tons. In Africa, India and
some other countries, it is used for making laundry soaps.
It also is used to produce calcium soaps for animal feed for-
mulations. At the moment, the Malaysian Custom Depart-
ment defines PAO as oil with high FFAs, obtained from the
soapstock of alkaline refining through acidolysis, usually
with sulfuric acid. This definition is not specific enough, and
therefore, there is a need to draw up certain specifications
for a clear definition of PAQ. With this in mind, PAO was
subjected to a few quality and oxidative analyses besides
determination of volatiles.

Analysis of volatiles is widely used to characterize food
(1-3), oils (4-11), meat (12-14), fruits (15-19), milk products
(20), leaves (21-23), flowers (24) and drinks {25). One of the
methods used to analyze volatiles is the headspace gas-

*To whom correspondence should be addressed.

Copyright © 1994 by AOCS Press

Crude Palm Oil

I Alkaline Neutralization }———>Soap stock

l

Neutralized Palm Oil

Acidification with
Sulfuric Acid

!

Acid Ol

| Earth Bleaching

l

Neutralized,
Bleached Palm Oil

Deodorization

NBD Palm Oil

FIG. 1. Flow diagram of alkaline-refining process of crude palm oil.
NBD Palm Oil, neutralized, bleached, deodorized palm oil.

chromatographic (HSGC) method. Another method is the
Likens-Nickerson simultaneous distillation-extraction
(SDE) gas-chromatographic method. In this study, both
methods were used to analyze PAO volatiles qualitatively
to assess if this parameter could aid characterization of this
oil.

EXPERIMENTAL PROCEDURES

Materials. PAO samples were derived from alkali-refining
(Alfa Laval, Westfalia, Germany) of oil palm fruits, Elaeis
guineensis, harvested in the year 1990. The samples were
collected from refineries located in the North, West, Cen-
tral and South of Peninsula Malaysia. In Malaysia, only
eight refineries produced neutralized, bleached, deodorized
palm oil by this process.

Quality and oxidative parameter measurements. For
moisture content, loss of moisture was measured accord-
ing to a PORIM Test Method 1988, p 5.2 (26). For FFA,
the acid value of the samples was determined according to
the PORIM Test Method 1988, p 2.5 (26). Peroxide value
(PV) determination was in accordance to the PORIM Test
Method 1988, p 2.3 (26). For IV, PORIM Test Method
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1988, p. 3.2 (26) was used. The saponification value of the
samples was measured by PORIM Test Method 1988, p.
3.1 (26). For unsaponifiable matter, PORIM Test Method
1988, p 2.7 (26) was used.

HSGC analysis (27). A PAO sample (5 g) was weighed
into a 12-mL vial and then tightly sealed. The vial was
placed in a Hewlett-Packard Model 19395A headspace
sampler (Palo Alto, CA) with a 1-mL sampling loop in-
stalled in this model. The vial containing PAO was ther-
mostated in a carousel mounted in a silicone oil bath at
80°C and equilibrated for 30 min. The headspace sampl-
ing operation was carried out under the following condi-
tions: valve temperature and loop temperature 45°C, vial
pressurization 28 bar, carrier gas helium flow rate 8
mL/min, pressurization time 10 s and venting time 10 s.
The PAO volatiles were collected in the sampling loop and
injected into a Hewlett-Packard Model 5890 gas chromato-
graph via the 45°C transfer line.

Gas chromatographic separation of the headspace gas
sample was conducted under the following conditions:
helium carrier gas head pressure of 15 psi, initial temper-
ature 40°C, rate of increase of temperature 10°C/min, final
temperature 200°C, detector temperature 250°C, injector
temperature 250°C, capillary column Supelco SPB-5
(cross-linked SE 54, 0.32 mm i.d. and 30 m length; Supelco,
Bellefonte, PA), hydrogen 18 psi, air 60 psi, make-up gas
27 mL/min, split flow ratio 1:4, septum purge 6 mIL/min.

Likens-Nickerson simultaneous distillation—-extraction.
A J&W Scientific (Folsom, CA) simultaneous distilla-
tion-extraction apparatus was used to extract the vola-
tiles. The extraction was carried out according to the in-
structions enclosed by the manufacturer. The PAQO sam-
ple (50 g) was placed in a three-necked round-bottomed
flask and 150 mL distilled water was added. The oil/water
mixture was heated to 120°C in the oil bath, and 30 mL
pentane in a pear-shaped flask was placed in the warm
{60°C) waterbath. The steam distillation-extraction was
carried out for 6 h.

PAO samples were steam-distilled, and the volatiles were
extracted with pentane. The pentane was then evaporated
under a stream of nitrogen until the total volume was 2.0
mL, and 0.3 uL: of the sample was injected into the gas
chromatograph.

The volatiles were analyzed on a Hewlett-Packard gas
chromatograph 5890 series 11 with a mass selective detec-
tor (MSD) 5971A (Palo Alto, CA) and a Hewlett-Packard
HP-5 column (Avondale, PA) of 0.2 mm i.d., 25 m length
and 0.33 pm film thickness. Helium carrier gas head pres-
sure was 13 psi and the injector temperature was 250°C.
Initial temperature was 40°C (5 min), programmed to
100°C (5 min) at 8°C/min, and then at 16°C/min to the
final temperature of 220°C. The MSD was a quadrupole,
with electron impact at a voltage of 70 eV.

RESULTS AND DISCUSSION

The results of the six-parameter analysis of 27 samples
of PAQO are discussed below.

Moisture content. Table 1 lists the average moisture con-
tent of the 27 samples of PAO studied. The values ranged
between 0.15-2.16% with a mean value of 0.98%.

FFA. The mean FFA of 27 samples is given in Table 1,
and the value was 62.6%. The range was 27.6-81.2%. On
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TABLE 1

Quality and Oxidative Parameters of Palm Acid Oil

Mean value Standard

Parameter of 27 samples  deviation = Range
Moisture

content (%) 0.98 0.53 54.08
Free fatty

acid (%) 62.6 11.5 18.49
Peroxide value (meq/kg) 4.1 3.8 92.68
Iodine value 50.2 5.3 10.56
Saponification

value 186 5.6 3.01
Unsaponifiable

matter 0.53 0.42 79.25

the average, the FFA value of PAO was above 50% with
the exception of two samples, A05 and A029, which had
low values of 38.1 and 27.6, respectively.

PV, Table 1 lists the PVs for the PAO samples. The mean
value was 4.1 meq/kg with a range of 1.9-20.7. On average,
the PV of acid oil was less than 5. Two samples, A020 and
A025, had slightly higher PVs of 6.9 and 5.3, respectively;
while another two samples, A019 and A029, had high PVs
of 10.6 and 20.7, respectively.

IV. The range of 1Vs of the PAO samples studies is
shown in Table 1. The mean value was 50.2 meqg/kg, in-
dicating the presence of a reasonable amount of un-
saturated fatty acids. The IVs ranged between 39.2-57.6.

Saponification value. The mean saponification value of
the PAQOs studied was 186 and the range was 172-197
(Table 1).

Unsaponifiable matter. Three PAO samples, A017, A027
and A028, had a slightly higher unsaponifiable matter of
more than 1.00 (Table 1). The mean value was 0.42 and
the values of 27 samples ranged between 0.04-1.67.

The six parameters, namely, moisture content, FFA, PV,
IV, saponification value and unsaponifiable matter can
be useful as specifications of PAO.

Headspace analysis. In this experiment, the headspace
procedure used was the static method. The chromatog-
raphic headspace profiles of 27 samples of PAO showed
three profile types as illustrated in Figure 2. Fourteen per-
cent of the samples had profile type (a), 82% profile type
(b) and 4% profile type (c). These three profile types sug-
gest that the quality of PAO varies slightly, depending
most probably upon processing conditions. Samples with
profile type (b) with only a few minor peaks can be pro-
jected as good-quality PAQ. This is supported by the low
PV of less than five for these samples. On the other hand,
samples with profiles of type (a) and (c) are likely to be
samples that have deteriorated slightly. On this basis, the
headspace chromatographic profile can be used as an in-
dicator of the quality of PAO.

SDE analysis. Figure 3 shows the gas chromatogram
of the SDE profile of PAO. Table 2 lists the compounds
identified in the distillate. Volatiles consisted of alkanals,
alkanones, alkylfurans, alkenals, carboxylic acids, alka-
dienals and hydrocarbons (28-34). Three unique ketone
compounds, 6,6-dimethyl-2,10-undecadione, e-ionone (29)
and geranyl acetone, most probably resulted from the
degradation of carotenoids. The potential use of these
ketone compounds as a characterization tool seems
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FIG. 2. Headspace chromatographic profiles of palm acid oil: (a) 14%,
(b) 82% and (c) 4%.
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practical but for the fact that, if carotenoids were their
presumed source, crude palm oil would also contain the
same compounds. An analysis of the SDE volatiles of
crude palm oil is now in progress to verify the source of
these ketones.
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FIG. 3. Chromatographic profile of Likens-Nickerson steam distillate
of palm acid oil, 1 = hexanal, 2 = heptanal, 3 = 2-pentylfuran, 4
= octanal, 5 = 2-nonanone, 6 = nonanal, 7 = 2-nonenal, 8 =
dodecane, 9 = decanal, 10 = 2-decenal, 11 =
6-,6-dimethyl-2,10-undecadione, 12 = decadienal, 13 =
trans-2-undecenal, 14 = tetradecane, 15 = o-ionone, 16 = geranyl
acetone, 17 = pentadecane, 18 = dodecanoic acid, 19 = eicosane,
20 = tetradecanoic acid, 21 = methyl hexadecanoate, 22 = hex-
adecanoic acid.

In summary, it is proposed that PAO should have the
following specifications: FFA >50%, PV <5, moisture con-
tent <2%, IV between 40-50, saponification value 72-197
and unsaponifiable matter of 0.04-1.67. These values are
based on the mean and ranges of 27 samples analyzed.
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TABLE 2

Compounds Identified in the Steam-Distilled Extract
of Palm Acid Oil

Retention time

Peak number (min) Compounds
1 7.0 Hexanal
2 10.250 Heptanal
3 12.643 2-Pentylfuran
4 12.788 Octanal
5 15.758 2-Nonanone
6 16.375 n-Nonanal
ki 18.637 2-Nonenal
8 19.608 n-Dodecane
9 19.750 n-Decanal
10 21.019 2-Decenal
11 21.353 6,6-Dimethyl-2,10-undecadione
12 21.936 2,4-decadienal
13 22.531 trans-2-undecenal
14 22.965 Tetradecene
15 23.453 Alpha-ionone
16 23.640 Gerany] acetone
17 24.108 Pentadecane
18 24.878 Dodecanoic acid
19 25.011 Eicosane
20 26.736 Tetradecanoic acid
21 28.603 Methyl hexadecanoate
22 29.746 Hexadecanoic acid
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