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Characteristics and Properties of Fatty Acid Distillates 
from Palm Oil
Bonnie Tay Yen Ping* and Mohtar Yusof*

ABSTRACT

The past surveys on the characteristics and prop-
erties of palm fatty acid distillates (PFAD) from 
local refineries were conducted in 1983 and 1999. 
This article will update the information to monitor 
any quality parameters that have changed over the 
years. Results show that iodine value, free fatty acid 
(FFA), conventional mass per volume, titre, unsa-
ponifiable matter, saponification value, fatty acid 
composition, trace metals content, e.g  chromium, 
nickel  and  copper, for PFAD used  in this study 
were only slightly different from the values reported 
in the survey in 1999. More obvious changes were 
noted for the water and iron (Fe) contents which 
had decreased over the years. The partial glycerides 
content was about two times higher than in the 
1999 survey, but the quantity was less consistent. 
Tocopherols and tocotrienols contents were also two 
times higher in this study.

ABSTRAK

Tinjauan telah diadakan pada 1983 dan 1999 ke 
atas ciri-ciri dan komposisi sulingan asid lemak 
minyak sawit dari kilang penapis tempatan. Artikel 
ini bertujuan untuk memantau parameter yang 
berubah dengan edaran masa. Keputusan menun-
jukkan nilai iodin, asid lemak bebas, jisim per isi 
padu biasa, titer, bahan tanpa pensaponinan, nilai 
pensaponinan, komposisi asid lemak, komposisi 
logam surihan seperti kromium, nikel dan kuprum 
untuk sulingan asid lemak  dalam kajian ini hanya 
sedikit berbeza daripada keputusan yang diperoleh 
pada 1999. Perubahan yang lebih ketara diperha-
tikan dalam kuantiti air dan besi (Fe) yang telah 
berkurangan sejak 1999. Kuantiti gliserid separa 
adalah dua kali ganda lebih tinggi daripada yang 
dilaporkan dalam tinjauan 1999, tetapi kuantitinya 
kurang seragam. Kuantiti tokoferol dan tokotrienol 
juga dua kali ganda dalam tinjauan ini.

Keywords: palm fatty acid distillate, fresh and 
stored samples, quality parameters.

InTRODuCTIOn

Malaysia is the world’s second largest producer 
of crude palm oil with a production of 15.82 mil-
lion tonnes per year (MPOB, 2007). Malaysian palm 
oil processing industry is one of the largest in the 
world because majority of the produced oil is proc-
essed locally. The preferred and most widely used 
method for processing palm oil in Malaysia is by 
physical refining to produce refined, bleached and 
deodorized palm oil products. The physical refin-
ing technology was first introduced in the mid 
1970s. This refining technology has improved over 
the years with introduction of new deodorization 
technology, such as packed column or ‘falling film’, 
leading to improvement in efficiency. During physi-
cal refining, the fatty acids residue, aldehydes and 
ketones responsible for the unacceptable odour and 
flavours are removed by steam distillation under 
low vacuum (less than 10 torr) during deodoriza-
tion. The fatty acid vapour leaving the deodorizer 
is condensed and cooled before storage in a tank, as 
fatty acid distillate.

Palm fatty acid distillate (PFAD) is a by-product 
from refining crude palm oil. PFAD is a light brown 
semi-solid at room temperature melting to a brown 
liquid on heating.  PFADs comprise mainly of free 
fatty acid (FFA) (>80%) with palmitic acid and 
oleic acid as the major components. The remain-
ing components are triglycerides, partial glycerides 
and unsaponifiable matters, e.g. vitamin E, sterols, 
squalenes and volatile substances. 

Fatty acid distillates are generally used in the soap 
industry, animal feed industry, and as raw materials 
for oleochemical industries, e.g., in the manufacture 
of candles, cosmetics and toiletries. Other applica-
tions include their use as food emulsifiers, an aid in 
rubber processing, in flavours and fragrance indus-
tries as well as in pharmaceutical products.  Vita-
min E has been extracted commercially from PFAD 
for encapsulation (Gapor et al., 1988). Gapor (2000) 
also developed a process to produce squalene from 
PFAD with purity of over 90%. Squalene is a valu-
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able compound used in health foods, cosmetics and 
in the pharmaceutical industry. 

Surveys on the characteristics of Malaysian palm 
fatty acid were conducted by Kifli (1983) and  Moh 
et al. in 1999.  There has now been a lapse of nine 
years between the last and present survey, and, 
over these years, there have been changes such 
as the closing down of certain refineries and the 
emergence of new refineries in east Malaysia. The 
number of local refineries had increased from 46 
(1999) to 51 (2007). The changes may affect the qual-
ity of the PFAD, therefore the information would 
need to be updated.

METHODOLOGY

Samples Collection

Palm oil refiners in Peninsula and east Malaysia 
were invited to participate in this survey. Samples 
were collected from January till May 2007.  The par-
ticipants were asked to send four PFAD samples 
(two fresh from the plant and two from the stor-
age tanks) to MPOB for four consecutive months. A 
total of 19 refineries responded to the survey. Table 
1 shows the participating refineries from various 
states in Malaysia. 

Chemical Analyses

Determination of acid value, unsaponifiable 
matter, saponification value, iodine value, conven-
tional mass per volume and titre test were carried 
out using the AOCS (2004) and ISO Test Methods 
(Table 2). Determination of conventional mass per 
volume was carried out on PFAD at 50oC.

Water Content

The samples were measured by direct injection 
into a Mettler DL 37 Karl Fischer Coulometer, with 
the results reported as % water content. The instru-
ment was calibrated using a standard of known wa-
ter content.

Tocopherols and Tocotrienols Contents

The analysis of tocopherols and tocotrienols was 
done using a high performance liquid chromatog-
raphy (HPLC) with a fluorescense detector set at 
290 nm (excitation) and 330 nm (emission) on a Li-
chrosorb silica-60 column (250 mm x 4.6 mm). The 
mobile phase was a mixture of hexane:isopropanol  
99.5/0.5 (v/v) according to ISO 9936 (1997). Stand-
ards of α-tocopherol and the tocotrienols isomers 
(α-T3, γ-T3 and δ-T3) purchased from Merck were 
used as external calibrations for quantification of 
the tocopherols and tocotrienols isomers.

Partial Glycerides

The method developed by Moh et al. (1999) was 
used. The analysis was carried out on a Diol II nor-
mal phase column.  The HPLC system was con-

TAble 1. DiSTribuTion of PArTiCiPATinG 
refinerieS from vAriouS STATeS 

in mAlAySiA

region States PfAD

North Pulau Pinang 2

Perak 1

Central Selangor 5

Southern Johor 5

Eastern Pahang 1

East Malaysia Sabah 3

Sarawak 2

Total 19

Note: PFAD – palm fatty acid distillate.

TAble 2. QuAliTy PArAmeTerS AnD 
STAnDArD meThoDS 

Free fatty acid AOCS  Ca 5a-40

Unsaponifiable matter AOCS TK 1a – 64

Saponification value AOCS T1 1a - 64

Iodine value AOCS Tg 1a – 64 & Tg 
1 - 64

Conventional mass per 
volume

ISO 6883 (1995)

Titre test AOCS Tr 1a – 64

Fatty acid composition AOCS Ce1-62 & Ce2 
- 661

Copper (Cu), iron 
(Fe), nickel (Ni) and 
chromium (Cr)

AOCS Ca 18 – 79 
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nected to an evaporative light scattering detector 
(ELSD). The drift tube temperature of the ELSD was 
set at 50oC, and the flow of the carrier gas (purified 
air) was set at 2.3 kg  cm-3. The elution solvent was a 
mixture of heptane/isopropanol (v/v) and the gra-
dient programme is shown in Table 3. 

TAble 3. hiGh PerformAnCe liQuiD 
ChromAToGrAPhy (hPlC) mobile PhASe 

GrADienT ProGrAmme for PArTiAl 
GlyeriDeS AnAlySeS 

Time (min) heptane (%) isopropanol (%)

0 98 2

2 98 2

10 85 15

11 98 2

18 98 2

RESuLTS AnD DISCuSSIOn

The various parameters of PFAD (Table 4) from this 
survey are discussed in comparison with data from 
surveys by Kifli (1983) and Moh et al. (1999). 

iodine value 

Iodine value (IV) is used to determine total un-
saturation in PFAD. The IV range of the samples 
was 46.3 g/100 g – 57.6 g/100 g with a mean value 
of 54.8 g/100 g. IV below 50 g/100 g was confined to 
just three or 2.5% of the 118 samples analysed. The 
mean value in this survey was 0.3 and 0.5 g/100 g 
lower than the results reported by Kifli (1983) and 

Moh et al. (1999), respectively. The standard devia-
tion (SD) was 1.95 showing that the consistency of 
IV for PFAD samples was comparable to those in 
1989 and 1999. The overall results showed that the 
level of unsaturated fatty acids in PFAD only de-
creased slightly since the previous surveys. 

free fatty Acid 

The range of free fatty acid (FFA) was 72.7%-
92.6% with a mean value of 86.4% (as palmitic acid) 
(Table 4). The mean value from this study was com-
parable to the results by Moh et al. (1999) at 86.9% 
but higher than the results reported by Kifli (1983). 
This indicated that there was no problem in the 
deodorization process, and that the quality of the 
recovered refined palm oil has been maintained. 
Figure 1 shows the distribution of FFA as observed 
in the samples. Out of the 117 samples analysed, 
three (2.5%) samples had < 80% FFA while four 
(3.4%) samples contained > 90%. In the majority of 
the samples, FFA fell within the range of 80%-90%, 
sufficient to meet the requirements of the contrac-
tual specification for PFAD, which is at a minimum 
of 70%. SD was reduced from 4.5 (1983) and 3.58 
(1999) to 2.52 in this survey, showing that the FFA 
composition of the samples was more consistent.  

Conventional mass Per volume 

The conventional mass per volume (CMPD) is 
important, and commercially used to estimate the 
weight of the cargo during shipping. CMPD can be 
used for conversion from volume to weight.  The 
mean value for CMPD in this study was 0.8725 kg 
litre-1 ranging between 0.8640 kg litre-1 – 0.8880 kg 
litre-1, with a SD of 0.0039. The mean value was 
higher but the range narrower than the results 

TAble 4.  GenerAl ChArACTeriSTiCS of PAlm fATTy ACiD DiSTillATe

Parameter moh (1999) Tay (2007)

range mean SD range mean SD

Iodine value, Wijs (g/100 g) 50.3 – 62.7 55.1 1.93 46.3 – 57.6 54.8 1.95

FFA (palmitic, %) 74.6 – 93.9 86.9 3.58 72.7 – 92.6 86.4 2.52

Conventional mass per 
volume at 50oC (kg litre-1)

0.7170 – 0.8891 0.8699 0.0194 0.8640 – 0.8880 0.8725 0.0039

Titre (oC) 45.0 – 47.8 46.3 0.55 46.0 – 48.3 46.7 0.58

Water content (%) 0.04 – 0.93 0.21 0.246 0.03 – 0.24 0.104 0.106

Saponifiable value (mg 
KOH g-1 of sample)

196 – 222 205 5.4 200.3 – 215.4 209.5 5.0

Unsaponifiable matter (%) 0.9 – 4.5 1.6 0.58 1.0 – 2.5 1.61 0.43

Note: SD - standard deviation.
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reported by Moh et al. (1999). The CMPD for crude 
palm oil at 50oC was 0.8892 kg litre-1 (Tan et al., 1998), 
higher than the mean value for PFAD, and this is 
attributed to the removal of the glycerol moiety in 
PFAD. 

Titre

This parameter is the measure of the tempera-
ture of solidification of the material. It is useful in 
predicting the melting characteristics, which are es-
sential during the formulation of soap blends. The 
titre ranged from 46.0oC-48.3oC, with a mean of 
46.7oC which was just 0.4oC lower than the results 
of Kifli (1983) and Moh et al. (1999). The consist-
ency of titre for the samples was similar to those of 
Moh et al. (1999), as indicated by similar SD.

Water Content

Water content ranged from 0.03%-0.24% with a 
mean value of 0.104 for 108 (51 fresh and 57 stored) 
samples, which was lower than the findings by Moh 
et al. (1999). Figure 2 shows the percentage of water 

Figure 1.  Distribution of % free fatty acid (FFA) observed in the palm fatty acid distillate (PFAD) samples. 

distribution observed in the samples. For fresh sam-
ples, 16.0% recorded water contents higher than 
0.10%, ranging from 0.10%-0.14%. This means that 
84% of the fresh samples had water contents not ex-
ceeding 0.10%. On the other hand, 68% of the stored 
samples had water content above 0.10%, ranging 
from 0.10% to 0.24%. The results reported by Kifli 
(1983) showed lower water contents with a mean 
value of 0.08%.

unsaponifiable matter 

Unsaponifiable matter (UM) content is made 
up mostly of minor components such as higher 
aliphatic alcohols, sterols, squalene, pigments and 
hydrocarbons. These components are partially dis-
tilled off and accumulate in the distillate during de-
odorization of the palm oil. Only a selected number 
of samples (n= 40) were analysed for UM. The mean 
UM for PFAD was 1.61% with a range from 1.0%-
2.5%. The mean value was 0.9% lower than the re-
sults reported by Kifli (1983) but similar to those 
of Moh et al. (1999).  UM for fresh and stored sam-
ples ranged from 1.1%-2.3% with a mean value of 

Figure 2. Distribution of water content (%) observed in the palm fatty acid distillate (PFAD) samples.
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1.56%, and from 1.0%-2.5%, with a mean value of 
1.6%, respectively. Moh et al. (1999) mentioned that 
the mean value of UM in PFAD from a storage tank 
(1.72%) was generally higher than for the fresh sam-
ples (1.28%). This trend was not observed because 
only 34% of the stored samples were found to have 
higher UM than their corresponding fresh samples. 

Saponification value 

This is a measurement of the free and esterified 
acids present. The range and mean value for sapon-
ification value (SV) in this survey was from 200.3 
– 215.4 mg KOH g-1 of sample and 209.5 mg KOH 
g-1 of sample, respectively. The mean was slightly 
higher than those reported by Moh et al. (1999) and 
Kifli (1983). 

Partial Glycerides

The HPLC chromatogram of PFAD partial glyc-
erides is shown in Figure 3. Three different lipid 
groups for PFAD were detected, ranging from es-
ters, followed by FFA to di-, tri- and monoglycer-
ides. In this study, only the partial glycerides were 
determined. Table 5 shows the percentage composi-
tion of mono-  and di-glycerides, based on the ratio 
of the peak areas. The partial glycerides from this 
survey comprised 2.6% of total weight of PFAD, 
higher than the 1.57% reported by Moh et al. (1999). 
The SD for the glycerides was much higher than 
that of Moh et al. (1999), indicating that the com-
positions of glycerides had become less consistent 
over the years. 

Trace metals

Trace metals in PFAD could originate from con-
taminants picked up during handling, transfer and 
storage. Metallic surfaces of the transfer pipes and 
storage tanks may be corroded by the acidic fatty 
acids and cause leaching of metals. Furthermore, 
corrosion of the transfer metal pipes may be ag-
gravated by the high temperature of 65oC used to 
pump samples. Table 6 shows the statistics result of 
chromium (Cr), nickel (Ni), copper (Cu) and iron 
(Fe) contents of PFAD. The mean values of Fe in 
stored and fresh samples were 3.21 ppm and 2.31 
ppm, respectively. For the stored samples, 15% of 
them had Fe concentration above 7 ppm. For the 
fresh samples, 11.5% samples had a concentration 
above 7 ppm.  Cu content was below 0.2 ppm for 
both fresh and stored samples, while Cr was not de-
tected in the stored and fresh samples. The concen-
tration of Ni in samples from the two sources was 
below 0.20 ppm. However, higher Ni content of up 
to 8.48 ppm was recorded by Moh et al. (1999) for 
stored samples. 

fatty Acid Composition 

The composition of the fatty acids is shown in 
Table 7. Palmitic acid and oleic acid were the major 
fatty acids in PFAD, ranging from of 43.0%-49.1%, 
and 34.7%-37.2%, respectively. The minimum value 
of 43.0% of palmitic acid was only confined to two 
samples. 

Figure 3.  Separation of palm fatty acid distillate (PFAD) into free fatty acid and partial glycerides classes (FA): free fatty acid; 
1,3 diglyceride (DG); 1,2 diglyceride (DG) and 1-monoglyceride (mono). 
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TAble 6. TrACe meTAl ConTenTS in PAlm fATTy ACiD DiSTillATe (PfAD) obTAineD from SToreD 
AnD freSh  SAmPleS (ppm)

origin of sample range mean SD

Stored

Cr ND (0 – 0.24) ND (0.04) ND (0.053)

Fe 0.11 – 15.26 (0.08 - 120.8) 3.21 (13.4) 4.36 (26.48)

Ni ND – 0.11 (0 – 8.48) 0.038 (0.30) 0.033 (1.303)

Cu 0 – 0.14 (0 – 0.18) 0.03 (0.04) 0.047 (0.046)

Fresh

Cr 0 – 0.02 (0 – 0.17)  - -

Fe 0.0 - 10.9 (0 – 4.93)  2.31 (0.48) 3.43 (0.911)

Ni 0 – 0.12 (0 – 0.02)  0.038 (0.001) 0.039 (0.003)

Cu 0 – 0.09 (0 – 0.04) 0.027 (0.006) 0.03 (0.011)

Note: ND - not detected.
   Values in brackets are from Moh et al. (1999).

The mean values for each fatty acid was 0.2% ca-
pric acid, 0.17% caprylic acid, 0.46% lauric acid, 1.2% 
myristic acid, 46.6% palmitic acid, 0.15% palmitoleic 
acid, 4.3% stearic acid, 36.7% oleic acid, 9.0% lino-
leic acid, 0.31% linolenic acid and 0.28% arachidic 
acid. The fatty acid composition (FAC) composition 
in this study showed no obvious changes compared 
to the results of Moh  et al. (1999) as shown in Table 
7. 

Tocopherols and Tocotrienols of PfAD

Table 8 shows the percentage composition of 
tocols in PFAD by the HPLC-fluorescene detec-
tor. The composition was as follows: α- tocopherol 
(10.3%), α-tocotrienol (18.7%), γ-tocotrienol (49.8%) 
and δ-tocotrienols (14.6%). Moh et al. (1999) report-
ed the percentage composition to be: α- tocopherol 

TAble 5.  PArTiAl GlyCeriDe  ConTenTS  of PAlm fATTy ACiD DiSTillATe (PfAD) (weight %)

Partial glycerides range mean SD 

1-Monoglyceride 0.042 – 10.44 (0.37 – 1.01) 0.36 (0.67) 0.30 (0.146)

1,2-Diglyceride 0.01 – 1.55 (0.30 – 0.58) 0.39 (0.42) 0.28 (0.063)

1,3-Diglyceride 0.092 – 8.00 (0.17 – 0.78) 1.85 (0.48) 1.15 (0.137)

Note: SD - standard deviation.
Values in brackets are from Moh et al. (1999).

(17.7%), α-tocotrienol (16.1%) ,γ-tocotrienol (37.5%) 
and δ-tocotrienols (28.8%). The mean concentration 
of tocopherol and tocotrienols was 3184 ppm, which 
was two times higher than the mean from Moh et al. 
(1999) which was at 1500 ppm. The high tocols con-
tent makes PFAD a valuable source of vitamin E. 

COnCLuSIOn

Most of the quality parameters of PFAD showed 
comparable values to data from earlier surveys, 
albeit minor drop or increase in values. The most 
notable changes were the inconsistent composition 
of partial glycerides, the two-fold increase in the to-
copherols and tocotrienols compositions and the re-
duction in the iron and metal content. Overall, most 
were positive changes and the qualities of the PFAD 
had not changed drastically over the years.  
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TAble 7. fATTy ACiD ComPoSiTion (fAC) of PAlm fATTy ACiD DiSTillATe (PfAD) 
(weight % methyl ester)

fAC
range mean SD.

This study moh et al. 
(1999)

This study moh et al.
(1999)

This study moh et al. (1999)

C8:0 capric 0 – 0.3 0 – 0.2 0.2 0.1 0.08 0.05

C10:0 caprylic 0 – 0.2 0 – 0.2 0.17 0.1 0.06 0.04

C12:0 lauric 0.1 – 2.4 0.1 – 1.7 0.46 0.4 0.61 0.30

C14:0 myristic 0.9 – 1.6 1.0 – 1.8 1.20 1.2 0.20 0.19

C16:0 palmitic 43.0 – 49.1 46.4 – 51.2 46.9 47.8 1.46 1.40

C16:1 palmitoleic 0.1 – 0.3 0.2 – 0.3 0.15 0.2 0.06 0.01

C18:0 stearic 4.0 – 4.5 3.7 – 5.1 4.30 4.3 0.13 0.29

C18:1 oleic 34.7 - 37.2 33.0 – 37.7 36.7 36.2 1.13 1.41

C18:2 linolenic 8.5- 9.7 7.8 – 9.6 9.03 8.9 0.28 0.45

C18:3 0.3 - 0.5 0.3 – 0.5 0.31 0.4 0.096 0.07

C20:0 arachidic 0.0 – 0.4 0.3 – 0.4 0.28 0.3 0.08 0.05

Others 0 – 0.2 0 – 0.5 0.10 0.3 0.05 0.12
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