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ABSTRACT
7KH�DLP�RI�WKLV�DVVHVVPHQW�ZDV�WR�GHWHUPLQH�WKH�YDULDWLRQ�EHWZHHQ�VRIW�SDOP�PLG�IUDFWLRQV���V30)��DQG�VRIW�
SDOP�VWHDULQV��V32V��ZKLFK�DUH�WKH�FR�IUDFWLRQV��VROLG�IUDFWLRQV��REWDLQHG�IURP�WZR�GLIIHUHQW�IUDFWLRQDWLRQ�
SURFHVVHV�ZKLFK�\LHOG�SDOP�ROHLQ�RI�LRGLQH�YDOXH��,9�������7KH�V30)�DQG�V32V�DUH�QRW�JRYHUQHG�E\�DQ\�
RIILFLDO�VWDQGDUG�VSHFLILFDWLRQV�DQG�DUH�WUDGHG�EDVHG�RQ�FRQWUDFWXDO�VSHFLILFDWLRQV��)XUWKHUPRUH��WKH�SK\VLFDO�
DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�V32V�ODFN�GRFXPHQWDWLRQ�DV�LW�IDOOV�LQWR�WKH�JHQHUDO�FDWHJRU\�RI�SDOP�VWHDULQ��
+HQFH��XVHUV�ZKR�DUH�XQDZDUH�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKHVH�WZR�IUDFWLRQV�DUH�PLVLQIRUPHG�DQG�PLVJXLGHG��
OHDGLQJ�WR�G\VIXQFWLRQDO�DSSOLFDWLRQ�RI�WKHVH�IUDFWLRQV�LQ�IRRG�SURGXFWV��7KLV�DVVHVVPHQW�RI�V30)�DQG�V32V�
HYDOXDWHG�WKH�WULDF\OJO\FHURO�FRPSRVLWLRQ��IDWW\�DFLG�FRPSRVLWLRQV��)$&���,9��GURSSLQJ�SRLQW��'3���VROLG�IDW�
FRQWHQW��6)&��SURILOHV�DQG�WKHUPDO�EHKDYLRXUV�LQ�RUGHU�WR�HVWDEOLVK�SDUDPHWHUV�ZKLFK�FDQ�EH�XVHG�DV�TXDOLW\�
TXDOLILHUV�� ZKLFK� DUH� DEOH� WR� GLVWLQFWLYHO\� GLVFULPLQDWH� ERWK� IUDFWLRQV�� 7KH� WULDF\OJO\FHURO� FRPSRVLWLRQV�
GLIIHUHG� VLJQLILFDQWO\� EHWZHHQ� V30)� DQG� V32V�� � V30)� FRQWDLQHG� KLJK� DPRXQWV� RI� PRQRXQVDWXUDWHG�
WULDF\OJO\FHUROV�UDQJLQJ� IURP��������WR���������ZLWK�����GLSDOPLWR\O���ROHR\O�JO\FHURO� �323��UDQJLQJ�
IURP��������WR���������/HVVHU�DPRXQW�RI�PRQRXQVDWXUDWHG�WULDF\OJO\FHUROV�ZHUH�SUHVHQW�LQ�V32V��UDQJLQJ�
IURP�������� WR�������� �323� IURP�������� WR����������7KH� WULVDWXUDWHG� WULDF\OJO\FHUROV� UDQJHG� IURP�
������WR�������LQ�V30)�DQG�KLJKHU�YDOXHV�ZHUH�GHWHFWHG�LQ�V32V�UDQJLQJ�IURP��������WR���������6)&�
SURILOHV�RI�V30)�DQG�V32V�YDULHG�VLJQLILFDQWO\��7KH�V30)�H[KLELWHG�D�VKDUS�GHFUHDVH� LQ�WKH�SHUFHQWDJH�
RI�VROLGV�IURP����&�WR����&�ZKLFK�ZHUH�QRW�H[KLELWHG�E\�V32V��7KH�'3�RI�V30)�UDQJHG�EHWZHHQ������&�
WR������&�DQG�V32V�YDULHG�EHWZHHQ������&�WR������&�� �V30)�DQG�V32V�H[KLELW�XQLTXH�DQG�GLVWLQFWLYH�
FU\VWDOOLVDWLRQ� DQG� PHOWLQJ� SURILOHV� ZKLFK� FDQ� EH� XVHG� WR� GLIIHUHQWLDWH� WKHVH� WZR� IUDFWLRQV�� )DWW\� DFLG�
FRPSRVLWLRQ�DQG�LRGLQH�YDOXHV�H[KLELWHG�RYHUODSSLQJ�YDOXHV��KHQFH��DUH�LQDGHTXDWH�LQGLFDWRUV�WR�GLIIHUHQWLDWH�
WKHVH� IUDFWLRQV��7KH�DVVHVVPHQW�FRQFOXGHV�WKDW�WULDF\OJO\FHURO�FRPSRVLWLRQ��'3��6)&�SURILOH�DQG�WKHUPDO�
EHKDYLRXU��FU\VWDOOLVDWLRQ�DQG�PHOWLQJ��DUH�LQGLFDWLYH�SDUDPHWHUV�WKDW�DUH�DEOH�WR�DVVLVW�LQ�GLIIHUHQWLDWLQJ�WKH�
SK\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�V30)�DQG�V32V�
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INTRODUCTION

Oil palm has emerged as a major economic crop 
feeding the world with an overwhelming production 

of 67.92 million tonnes in 2017. A major portion 
of palm oil amounting to 80% of production is 
channelled towards supporting the global demand 
RI�WKH�IRRG�VHFWRU��.XVKDUL�et al., 2018). Refined palm 
oil to a great extent is fractionated to olein (liquid) 
and stearin (solid) fractions, as these fractions 
have distinctive roles in the food sector. Palm 
olein and palm stearin undergo single or multiple 
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fractionation steps to fulfil the specific application 
and functionality requirements of the food sector.

Soft palm mid fraction (sPMF) and soft palm 
stearin (sPOs) are co-fractions (solid fractions) 
obtained from the fractionation process to produce 
palm olein of iodine value (IV) 60. )LJXUH�� shows 
the flow charts of the two routes for obtaining palm 
olein of IV 60, the common routes practiced by the 
0DOD\VLDQ� IUDFWLRQDWLRQ� SODQWV�� 7KH� ILUVW� URXWH� LV�
fractionation of palm olein IV 56, which will yield 
palm olein IV 60 and sPMF (Danthine et al., 2017; 
Gijs et al., 2007; Calliauw et al., 2007; Hashem et al., 
������.HOOHQV�et al.,��������7KH�VHFRQG�URXWH�LV�VLQJOH�
fractionation of palm oil (IV 50 to 52) which yields 
SDOP�ROHLQ�,9����DQG�V32V��7KH�ODWWHU�LV�FRVW�HIIHFWLYH�
and is preferred by the industry, as this process 
shortens the production time, hence, improves 
productivity. Nevertheless, sPMF is a premium 
grade product, in contrast to sPOs which is traded 
as the general grade of palm stearin. 

7KH� V30)� DQG� V32V� DUH� QRW� JRYHUQHG� E\� DQ\�
official standard specifications and are traded 
EDVHG� RQ� FRQWUDFWXDO� VSHFLILFDWLRQV�� 7KH� FRQFHUQ�
arises as some of the contractual specifications 
are not able to discriminated between sPMF and 
sPOs. Iodine values are generally included in the 
contractual specifications for trading of sPMF and 
V32V��7KH�QRQ�VLJQLILFDQWO\�GLIIHUHQFH�LRGLQH�YDOXHV�
of sPMF and sPOs stands as a challenge to the 
potential buyers as it may cause confusion. Hence, 

sPMF and sPOs are two solid fractions which are 
sometimes misinterpreted by food formulators, 
who are unaware of the differences between these 
two fractions, which in some cases have led to 
dysfunctional application of these fractions in food 
products.   

Palm mid fractions (PMF) are categorised as 
specialty fats due to their unique sharp melting 
characteristic which suits special functional 
applications in food formulations (Gee, 2007; 
Sonwai et al., 2014).  PMF are widely used as cocoa 
butter equivalent, coating fats, fat component of 
PDUJDULQH� DQG� VKRUWHQLQJ� �.HOOHQV� et al., 2007; 
Lumor et al., 2010; Biswas et al., 2017; Jahurul et 
al., 2014). 7KH� IUDFWLRQDWLRQ� SURFHVV� LQFUHDVHV� WKH�
crucial triacylglycerol which is 1,3-dipalmitoyl-2-
oleoyl-glycerol (POP) content from approximately 
27% in palm olein to above 40% in the sPMF. 7KH�
characteristics of sPMF are dominated by the amount 
of POP present in the fractions. Nevertheless, the 
presences of other triacylglycerols have an impact on 
WKH�RYHUDOO�FKDUDFWHULVWLFV�RI�WKH�IUDFWLRQV��7KH�V30)�
is further fractionated to obtain solid fraction which 
is known and traded as hard palm mid fraction, a 
YDOXH�DGGHG� SUHPLXP� IUDFWLRQ�� 7KH� NH\� YDULDWLRQ�
between these two fractions is the amount of POP, 
the amount of POP in hard palm mid fractions are 
more than 65%. 

7KH�V32V�DUH�OHDVW�GRFXPHQWHG�DV�WKHVH�IUDFWLRQV�
are categorised as general grade of palm stearin. 

Refined Palm Oil

Fractionation

Palm Olein (IV 56) Palm Stearin (IV 30-36)

Fractionation

Palm Olein
(IV 60-64

Soft Palm Mid 
Fraction 

(IV 40-49)

Palm Stearin
(IV 14-18)

Palm Olein
(IV 60-62)

Palm Mid Stearin
(IV 43-45)

(not similar to
Soft Palm Mid 

Fraction)

Palm 
Mid Stearin
(IV 37-45)

Fractionation

Fractionation

Note: IV - iodine value. 
Source: Information from the Malaysian fractionation plants operators: Sime Dardy Jomalina Sdn Bhd, Agri Asia Refinery Sdn Bhd, Sawit 
Raya Sdn Bhd, SOP Edible Oils Sdn Bhd, Premium Vegetable Oil Sdn Bhd, Mewah Oils Sdn Bhd Malaysia, Ecolex Sdn Bhd and Moi Foods 
Malaysia Sdn Bhd.

)LJXUH����)UDFWLRQDWLRQ�SURFHVV�IORZ�RI�SURGXFWLRQ�RI�VRIW�SDOP�PLG�IUDFWLRQ��V30(��DQG�VRIW�SDOP�VWHDULQ��V32V��
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Most palm stearin from Malaysia is traded based 
on the Palm Oil Refiners’ Association Malaysia 
(PORAM) specifications, which specifies palm 
stearin as fractions with IV of 48 maximum and 
melting point value of 44°C minimum (PORAM 
Specification., 2013). Palm stearins are very cost-
effective, natural and non-hydrogenated fats which 
are commonly and widely used in the production 
of frying fats, shortening, margarine, vegetables 
ghee (vanaspati), dairy fat replacers and animal 
fat replacers (Adhikari et al., 2010; Sivaruby et al., 
2018). 

7KH� DSSOLFDWLRQ� RI� IDWV� LQ� SURGXFWV� VXFK� DV� LQ�
cocoa butter alternatives, margarine, shortenings, 
replacers of dairy fats and replacers of animal fats 
to a large extent is influenced by the  triacylglycerol  
compositions (Biswas et al.,� ������� 7ULDF\OJO\FHURO�
composition determines the characteristics of the 
fats with respect to their macroscopic properties 
such as overall texture which in turn affects the 
compatibility of the fats into various food systems. 
It is well documented by other researchers that 
small variation in triacylglycerol composition gives 
significant changes to the overall functionality and 
application of the fats in the final food products. 
Changes in triacylglycerol composition will cause 
changes in melting and crystallisation behaviour, 
which determines the structure, crystal morphology 
and polymorphic transitions of the crystals, hence, 
leads to variation in the crystal network (Narine and 
0DUDQJRQL��������0DUDQJRQL���������7ULDF\OJO\FHUROV�
are basically structural  component of fats, thus, 
variation in triacylglycerol composition will lead to 
major changes in the characteristics of the functionality 
of the fats (Vereecken et al., 2010). Hence, structure to 
functionality relationship is of great importance in 
the selection of fats for food formulation. 

7KH� DLP� RI� WKLV� HYDOXDWLRQ�ZDV� WR� GHWHUPLQH�
and discuss the variations and similarities in the 
physical and chemical characteristics of sPMF and 
V32V��7KH�DQDO\VHV�RI� LQWHUHVW� LQ�GHWHUPLQLQJ� WKH�
physical and chemical characteristics of sPMF and 
sPOs were triacylglycerol composition, fatty acid 
composition (FAC), IV, dropping point (DP), solid 
fat content (SFC) profile and thermal behaviour of 
WKH�IUDFWLRQV��7KHVH�DQDO\VHV�ZHUH�DEOH�WR�LQGLFDWH�
and identify the variations and similarities of 
these fractions. Hence, enables differentiation 
of these fractions by establishing their unique 
characteristics.

MATERIALS AND METHODS

Materials 

7KH� V30)� DQG� V32V� VDPSOHV� ZHUH� REWDLQHG�
IURP�WKH�0DOD\VLDQ�IUDFWLRQDWLRQ�SODQWV��7KH�VDPSOHV�
obtained were produced via dry fractionation process. 

Triacylglycerol Composition Analysis 

7ULDF\OJO\FHURO� DQDO\VLV�ZDV� GHWHUPLQHG� XVLQJ�
the method reported in Ramli HW�DO���2008). Samples 
were prepared by dissolving 0.015 g litre-1 in acetone. 
Solid impurities were removed by filtering the 
VDPSOHV� WKURXJK� D� ���� ۚP�Q\ORQ�PHPEUDQH� ILOWHU��
High performance liquid chromatography (Agilent 
1100 Series, USA) was used to determine the  
WULDF\OJO\FHURO�FRPSRVLWLRQ��7ZR�3XURVSKHU��67$5�
RP-18 end-capped column (25 cm length x 4 mm i.d 
ZLWK�RI���ۚP�SDUWLFOH�VL]H���0HUFN�.*D$��'DUPWDGW��
Germany) were connected in series. Sample of 10 
ۚO� ZDV� LQMHFWHG� LQWR� WKH� FROXPQ� DQG� FROXPQ�ZDV�
NHSW� LQ� DQ� RYHQ� DW� ���&�� 7KH� PRELOH� SKDVH� XVHG�
was acetone:acetonitrile (75:25% vol/vol), at a flow 
rate of 1.0 ml min-1�XQGHU�LVRFUDWLF�FRQGLWLRQV��7KH�
individual peaks were identified by a refractive 
index detector and the total run time was 45 min 
SHU� VDPSOH�� 7KH� FKURPDWRJUDPV� ZHUH� LGHQWLILHG�
by comparing retention times with standards and 
quantified using the area normalisation method 
(Ramli et al., 2008). 

Fatty Acid Composition 

FAC was determined as fatty acid methyl esters. 
7KH� VDPSOHV� ������J��ZHUH�ZHLJKHG�DQG�GLVVROYHG�
LQ���PO�KH[DQH��7KH�PL[WXUH�ZDV� WKHQ�DGGHG�ZLWK�
sodium methoxide solution, 0.2 ml of NaOCH3 (2M), 
in anhydrous methanol and then mixed for 1 min 
with a vortex mixer. After sedimentation of sodium 
glycerolate, 1 ۚl of clear supernatant was injected 
into Rtx 2330 fused silica capillary column (60 m 
× 0.25 mm × 0.25 mm) (Restex Corporation, USA) 
and analysed using a Burker Gas Chromatography 
system Model 430-GC (Burker Daltonics, CA, USA) 
equipped with a flame  ionisation detector (FID) and 
Galaxie Chromatography Data System.  Injection 
DQG�GHWHFWLRQ�WHPSHUDWXUHV�ZHUH�VHW�DW�����&��7KH�
RYHQ� WHPSHUDWXUH� ZDV� VHW� DW� ����&�� 7KH� FROXPQ�
WHPSHUDWXUH� ZDV� LVRWKHUPDO� DW� ����&�� 7KH� FDUULHU�
gas was helium with a flow rate of 1 ml min-1��7KH�
peaks were identified by comparing retention times 
with FAME standards and quantified using peak 
area normalisation methods. 

Iodine Value

7KH� ,9� GHQRWHV� WKH� GHJUHH� RI� XQVDWXUDWLRQ� RI�
fatty acids in oils and fats. Determination of IV was 
FDUULHG� RXW� DFFRUGLQJ� WR� WKH� 032%� 7HVW� 0HWKRG�
MPOB p3.2:2004 �.XQWRP�et al., 2005)��7KH����J�RI�
totally melted and homogenised sample and 20 
ml of solvent (1:1 cyclohexane:glacial acetic acid) 
were weighed into a conical glass flask fitted with 
D� URXQG� JODVV� VWRSSHU�� )ROORZHG� E\� ���PO� RI�:LMV�
reagent was added, the stopper was placed, the 
solution swirled by hand and was placed in a dark 
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room for 1 hr. A blank test was prepared by omitting 
the test portion. At the end of the reaction time, 20 
ml of potassium iodide and 150 ml of water were 
DGGHG��7KH�VROXWLRQ�ZDV�WKHQ�WLWUDWHG�ZLWK�VWDQGDUG�
VRGLXP� WKLRVXOSKDWH� VROXWLRQ�� 7KH� EODQN� WHVW� ZDV�
similarly treated and titrated. Calculation of the IV 
was carried out and the IV were expressed as g of 
I2/100 g of oil. 

IV =  12.69 C (V1-V2)
                   M

C is concentration of sodium thiosulphate.
V1  is volume, in millilitres, of sodium thiosulphate 
solution used in blank test. 
V2  is volume, in millilitres, of sodium thiosulphate 
solution used in determination of sample.
M  is the mass, in grams, of sample.

Dropping Point

7KH� '3� LQGLFDWHV� WKH� WHPSHUDWXUH� ZKHUH� WKH�
IUR]HQ�VDPSOHV�EHFRPH�OLTXLG�DQG�DUH�DEOH�WR�IORZ��
Determination of DP was carried out in accordance 
WR�032%�7HVW�0HWKRG�I�����.XQWRP�et al., 2005). A 
0HWWOHU� 7ROHGR� '3� DQDO\VLQJ� V\VWHP� ZLWK� FHQWUDO�
SURFHVVRU�)3��� �$*��6FKZHU]HQYDFK�� 6ZLW]HUODQG��
ZDV�XVHG�WR�GHWHUPLQH�WKH�'3�RI�WKH�VDPSOHV��7KH�
sample cup (inner diameter 2.8 mm Mettler No. 
������� ZDV� SODFHG� LQ� WKH� IUHH]HU� �EHORZ� ���&�� IRU�
���PLQ��7KH�VDPSOH�ZDV�PHOWHG��KRPRJHQLVHG�DQG�
ILOOHG�LQWR�WKH�VDPSOH�FXS��7KH�ILOOHG�FXS�ZDV�NHSW�
LQ� WKH�IUHH]HU� IRU����PLQ��7KH�'3�DQDO\VHU�ZDV�VHW�
DW� ���&� EHORZ� WKH� H[SHFWHG� '3�� 7KH� KHDWLQJ� UDWH�
was set at 1°C min-1��7KH�VDPSOH�ZDV�UHPRYHG�IURP�
WKH� IUHH]HU� DQG� LPPHGLDWHO\� SODFHG� LQWR� WKH� '3�
measuring cell and the DP values were recorded 
(Sivaruby et al., 2013;  .XQWRP�Ht al., 2005).

Solid Fat Content

SFC denotes the amount of solid present at a 
specific temperature. Determination of SFC was 
SHUIRUPHG� DFFRUGLQJ� WR� WKH� 032%� 7HVW� 0HWKRG�
S��������� �.XQWRP� et al.,� ������� 7KH� 6)&� ZDV�
measured with Bruker Minispec PC 120 pulse-
NMR. Samples were totally melted at 80°C to erase 
DOO�FU\VWDO�PHPRU\��7KH�WRWDOO\�PHOWHG�VDPSOHV�ZHUH�
homogenised and filled into tubes (10 mm o.d x 
���PP� OHQJWK��XS� WR� �� FP� LQ�KHLJKW��7KH� VDPSOHV�
were tempered at 70°C in a water bath for 30 min, 
EHIRUH�FKLOOLQJ�DW���&�IRU����PLQ��7KHVH�WXEHV�ZHUH�
conditioned in pre-equilibrated thermostated 
EDWKV� IRU� ��� PLQ� SULRU� WR� WKH� PHDVXUHPHQW�� 7KH�
measuring temperatures were 0°C, 5°C, 10°C, 15°C, 
20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 55°C and 
���&�� 7KH� GLUHFW� PHWKRG� ZDV� HPSOR\HG� IRU� WKH�
measurements. 

Thermal Behaviour

Differential scanning calorimetry (DSC) 
analyses were carried out using a Perkin Elmer 
DSC Model DSC-7 with refrigerated cooling system 
�3HUNLQ�(OPHU��1RUZDON��&7��� 7KH� LQVWUXPHQW�ZDV�
attached to a data processing unit, Perkin Elmer 
7KHUPDO�'DWD� 6WDWLRQ��&DOLEUDWLRQ�ZDV� FDUULHG� RXW�
ZLWK�DQ�LQGLXP�VWDQGDUG��7KH���WR���PJ�RI�D�SUHFLVHO\�
weighed (± 0.1 mg) fat sample was placed in the 
'6&�SDQ�DQG�KHUPHWLFDOO\�VHDOHG��7KH�FRROLQJ�DQG�
heating profiles of samples were defined by using 
WZR� GLIIHUHQW� WHPSHUDWXUH� SURJUDPV�� 7KH� VDPSOHV�
were subjected to the following temperature profile: 
70°C for 5 min, cooled at a cooling rate of 10°C min-1 
to -40°C and the cooling thermogram was recorded. 
7KH�VDPH�VDPSOHV�ZHUH�KHOG�DW�����&�IRU���PLQ�WKHQ�
heated from -40°C to 70°C at a heating rate of 10°C 
min-1 and the melting thermogram was recorded. 

Statistical Analysis

All measurements were performed in triplicate 
unless stated and data were reported as mean ± 
VWDQGDUG� GHYLDWLRQV� RI� LQGHSHQGHQW� DQDO\VLV�� 7KH�
significant difference of the samples was analysed 
using a one-way analysis of variance (AVONA) 
E\� 7XNH\·V� WHVW� DW� D� VLJQLILFDQFH� OHYHO� RI� ������$OO�
statistical analyses were computed using Minitab 
16.0 (Minitab Inc, Pennsylvania, USA).

RESULTS AND DISCUSSION

Triacylglycerol Composition

7KH� HLJKW� V30)� VDPSOHV� FROOHFWHG� IURP� WKH��
Malaysian fractionation plants were produced via 
fractionation of palm olein IV 56.  sPMF contain 
high amounts of monounsaturated triacylglycerols 
ranging from 61.83% to 80.07% with the most 
abundant triacylglycerol being POP ranging from 
43.53% to 55.95%, as shown in Table 1���7KH�DPRXQW�
of  POP reported by Sonwai’s team was 51.8%,  
Biswas’s team reported 50.7%  and Calliauw’s team 
reported two values, which were 40.75% and 48.90% 
(Sonwai et al., 2014; Biswas et al., 2017; Calliauw et al., 
2007 ). POP is the crucial triacylglycerol in PMF, as it 
dominantly contributes to the unique characteristics 
RI� 30)� �.HOOHQV� et al., 2007; Calliauw et al., 2007; 
Son et al., 2010; Hashimoto et al., 2001). POP level 
is usually set as more than 40% to qualify as sPMF. 
7KH� SHUFHQWDJH� RI� GLXQVDWXUDWHG� WULDF\OJO\FHUROV�
ranged from 14.33% to 30.57% and triunsaturated 
WULDF\OJO\FHUROV� IURP� ������ WR� ������� 7KH�
percentage of trisaturated triacylglycerols detected 
in this category was very low, ranging from 2.45% 
WR��������7KLV�FRPELQDWLRQ�RI�WULDF\OJO\FHUROV�ZLWK�
a very high ratio of unsaturated triacylglycerols to 
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TABLE 1.  TRIACYLGLYCEROL COMPOSITION OF SOFT PALM MID FRACTIONS

 sPMF 1 sPMF 2 sPMF 3 sPMF 4 sPMF 5 sPMF 6 sPMF 7 sPMF 8

LLL 0.30±0.02 0.30±0.01 0.46±0.09 0.30±0.07 0.22±0.11 0.23±0.07 0.15±0.04 0.25±0.04
PLL 1.87±0.01 1.74±0.31 1.68±0.06 1.41±0.07 1.37±0.10 1.57±0.16 1.39±0.23 1.37±0.12
MLP 0.51±0.03 0.58±0.19 0.34 ±0.02 0.37±0.05 0.51±0.06 0.61±0.14 0.72±0.03 0.40±0.17
OOL 1.34±0.08 1.34±0.13 1.17±0.02 0.96±0.16 1.11±0.04 0.88±0.04 0.99±0.02 0.78±0.04
POL 7.66±0.29 6.96±0.11 5.99±0.04 5.52±0.09 5.97±0.02 5.52±0.01 4.94±0.01 4.73±0.18
PLP 9.02±0.48 8.90±0.08 8.72±0.06 8.26±0.24 9.01±0.20 8.38±0.26 9.03±0.05 7.31±0.15
MPP 1.76±0.18 1.82±0.07 2.00±0.04 2.13±0.11 1.94±0.08 1.95±0.07 2.35±0.01 1.65±0.03
OOO 3.52±0.54 2.98±0.06 2.72±0.00 2.58±0.30 2.42±0.15 2.79±0.19 2.23±0.03 2.16±0.31
POO 19.29±0.48 16.59±0.01 14.58±0.11 15.72±0.09 14.73±0.05 15.75±0.08 12.28±0.09 11.90±0.07
POP 43.53±0.19 45.65±0.12 48.27±0.40 49.20±0.16 49.33±0.24 49.64±0.16 51.56±0.22 55.95±0.10
PPP 0.69±0.04 2.37±0.04 2.26±0.05 1.44±0.01 1.49±0.20 1.55±0.02 2.57±0.04 0.76±0.04
SOO 1.73±0.06 1.50±0.03 1.52±0.08 1.39±0.07 1.59±0.18 1.42±0.05 1.05±0.05 1.06±0.07
POS 7.73±0.10 7.84±0.06 8.69±0.05 9.32±0.49 9.12±0.03 8.48±0.02 9.23±0.05 10.46±0.01
PPS 0.00±0.00 0.55±0.00 0.45±0.02 0.35±0.04 0.00±0.00 0.32±0.01 0.48±0.02 0.00±0.00
SOS 1.03±0.04 0.87±0.10 1.12±0.05 1.06±0.11 1.20±0.01 0.90±0.04 1.02±0.11 1.21±0.03
PSS 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00 ±0.00 0.00±0.00 0.00±0.00 0.00±0.00

SSS 2.45 ± 0.22 4.75±0.12 4.72±0.12 3.91±0.06 3.44±0.29 3.83±0.10 5.41±0.03 2.41±0.07
SUS 61.83 ± 0.15 63.85±0.16 67.15±0.11 68.21±0.13 69.16±0.06 68.01±0.06 71.55±0.17 80.07±0.13
SUU 30.56 ± 0.23 26.79±0.17 23.77±0.07 24.04±0.13 23.66±0.35 24.25±0.18 19.66±0.27 14.33±0.12
UUU 5.16 ± 0.44 4.61±0.10 4.36±0.11 3.84±0.21 3.74±0.00 3.91±0.15 3.37±0.02 3.19±0.23

Note: sPMF - soft palm mid fraction, SSS - trisaturated triacylglycerol, SUS  - monounsaturated triacylglycerol, SUU - diunsaturated 
triacylglycerol, UUU - triunsaturated triacylglycerol, M - myristic, P - palmitic, S - stearic, O - oleic,  L- linoleic.
Each value in the table represents the mean ± standard deviation of triplicate analyses (n=3).

saturated triacylglycerols influenced the DP of these 
V30)��7KHVH�IUDFWLRQV�DUH�FRQVLGHUHG�WR�EH�PHGLXP�
melting solid fractions by food formulators at the 
application temperature of 20°C to 30°C (Braipson  
and Gibon, 2007). 

7KH� IRXU� V32V� VDPSOHV� FROOHFWHG� IURP� WKH�
Malaysian fractionation plants were by-products 
from the production of palm olein IV 60 via single 
IUDFWLRQDWLRQ� RI� SDOP� RLO�� � 7KH� PRQRXQVDWXUDWHG�
triacylglycerols ranged from 55.56% to 57.33%, with 
323� FRQWHQW� UDQJLQJ� IURP� ������� WR� �������� 7KH�
percentage of diunsaturated ranged from 20.07% to 
28.70% and triunsaturated triacylglycerols ranged 
IURP�������WR��������7KH�WULVDWXUDWHG�WULDF\OJO\FHUROV�
ranged from 10.46% to 18.52% with 6.31% to 13.88% 
of tripalmitoyl-glycerol (PPP), as shown in Table 2. 

A significant difference was observed (p < 0.02) 
among the monounsaturated triacylglycerols and 
POP values in sPMF and sPOs as shown in Table 
3. Monounsaturated triacylglycerols were 4.5% to 
������� OHVVHU� LQ� V32V� WKDQ� LQ� V30)�� 7KH� DPRXQW�
of POP were 1.68% to 17.35% lesser in sPOs than 
the values detected in sPMF. Significant difference 
(p < 0.02)  was observed among the trisaturated 
triacylglycerols and PPP values in sPMF and sPOs 
as shown in Table 3��7KH�SHUFHQWDJH�RI�WULVDWXUDWHG�
triacylglycerols were very much higher in sPOs, 
approximately 5.41% to 16.07% higher than detected 
LQ�V30)��7KH�WULDF\OJO\FHURO�FRPSRVLWLRQV�RI�V30)�
differed from the compositions of sPOs. Hence, 
triacylglycerol values can be used to differentiate 
these two fractions.

Fatty Acid Composition 

7KH� )$&� RI� � V30)� LQ� Table 4 shows that the 
percentages of saturated fatty acids were the 
highest, ranging from 51.91% to 58.29% with 
������� WR� ������� SDOPLWLF� DFLG�� 7KH� SHUFHQWDJHV�
of monounsaturated fatty acids which consisted 
PRVWO\� RI� ROHLF� DFLG� ZHUH� ������� WR� �������� 7KH�
percentages of polyunsaturated fatty acids ranged 
IURP�������WR��������7KH�SHUFHQWDJHV�RI�VDWXUDWHG�
fatty acids were the highest in sPOs ranging 
from 56.19% to 63.08% with 49.74% to 56.57% of 
palmitic acid as shown in Table 5��7KH�SHUFHQWDJHV�
of monounsaturated fatty acids which consisted 
PRVWO\� RI� ROHLF� DFLG� ZHUH� ������� WR� �������� 7KH�
percentages of polyunsaturated fatty acids were in 
the range of 5.75% to 8.04%.

No significant difference (p < 0.02) was observed 
among the palmitic and oleic fatty acids in sPMF and 
sPOs as shown in Table 3��7KH�)$&�RI�V30)�DQG�V32V�
have overlapping ranges; the percentage of palmitic 
acid in sPMF was 45.89% to 51.55% and sPOs was 
49.74% to 56.57%. In the case of oleic acid, it was 
34.49% to 38.88% in  sPMF and 30.41% to 35.41% in 
sPOs. It is noteworthy that the arrangement of the 
fatty acids in the triacylglycerols in sPMF and sPOs 
YDULHG� VXEVWDQWLDOO\�� 7KH� DUUDQJHPHQW� RI� WKH� IDWW\�
acids in the triacylglycerol structure to a great extent 
determines the characteristics of the fats. Hence, in 
differentiating of sPMF from sPOs consideration of 
triacylglycerol composition will be a better reference 
as compared against FAC. 
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Iodine Value 

 Iodine values are directly related to FAC 
RI� WKH� RLOV� RU� IDWV�� 7KH� LQFUHDVH� LQ� WKH� DPRXQW� RI�
saturated fatty acids, will in turn decrease the 
LRGLQH�YDOXHV�RI�WKH�IUDFWLRQV��7KH�LRGLQH�YDOXHV�RI�
sPMF ranged from 40.91 to 49.50 as shown in Table 
4. sPMF 7 recorded the lowest IV of 40.91, consisted 
of 58.07% saturated, 35.54% monounsaturated and 
polyunsaturated 6.24% fatty acids.  In contrast, 
sPMF 1 with the highest IV of 49.50, consisted 
of higher amount of monounsaturated and 
polyunsaturated fatty acids, the composition was 

51.91% saturated, 39.03% monounsaturated and 
������ SRO\XQVDWXUDWHG� IDWW\� DFLGV�� 7KH� LRGLQH�
values of sPOs ranged from 37.05 to 45.69 as shown 
in Table 5��7KH�LRGLQH�YDOXHV�RI�V32V�GHFUHDVHG�DV�WKH�
amount of saturated fatty acids increased and the 
amount of monounsaturated and polyunsaturated 
fatty acids decreased. sPOs 4 recorded the lowest 
IV of 37.05, consisting of 63.08% of saturated fatty 
acids and sPOs 1 had the highest IV of 45.69 as 
it consisted the lowest amount of saturated fatty 
acids of 56.19%. 

TABLE 2. TRIACYLGLYCEROL COMPOSITION OF SOFT PALM STEARIN 

 sPOs 1 sPOs 2 sPOs 3 sPOs 4

LLL 0.24±0.03 0.66±0.20 0.23±0.01 0.19±0.04
PLL 1.62±0.19 1.71±0.24 1.44 ±0.05 1.33±0.11
MLP 0.51±0.03 1.07±0.05 0.36±0.02 0.46±0.07
OOL 1.30±0.02 1.83±0.22 1.09±0.12 0.87±0.10
POL 7.33±0.33 6.55±0.50 5.94±0.11 4.69±0.14
PLP 8.43±0.23 7.63±0.25 7.80±0.06 7.21±0.14
MPP 1.70±0.05 1.92±0.02 1.57±0.02 1.64±0.04
OOO 3.8 ±0.02 3.79±0.29 3.54±0.07 3.22±0.17
POO 18.14±0.07 15.59±0.24 14.86±0.08 12.99±0.38
POP 39.77±0.22 38.36±0.25 38.61±0.02 41.81±0.03
PPP 6.31±0.18 9.32±0.01 13.39±0.03 13.88±0.16
SOO 1.62±0.02 1.54±0.19 1.29±0.02 1.06±0.06
POS 6.19±0.04 6.51±0.14 6.25±0.02 6.96±0.07
PPS 2.05±0.01 2.35±0.12 2.66±0.04 2.73±0.08
SOS 0.66±0.11 0.72±0.08 0.65±0.02 0.88±0.12
PSS 0.39±0.05 0.44 ±0.01 0.33±0.05 0.27±0.02

SSS 10.46±0.09 14.03±0.13 17.94±0.03 18.52±0.30
SUS 55.56±0.13 56.00±1.28 53.68±0.10 57.33±0.28
SUU 28.70±0.13 23.69±0.21 23.53±0.04 20.07±0.35
UUU 5.41±0.01 6.28±0.26 4.86±0.17 4.28±0.23

Note: sPOs - soft palm stearin, SSS - trisaturated triacylglycerol, SUS - monounsaturated triacylglycerol, 
SUU - diunsaturated triacylglycerol, UUU - triunsaturated triacylglycerol, M - myristic, P - palmitic, S - stearic, 
O - oleic, L  - linoleic.
Each value in the table represents the mean ± standard deviation of triplicate analyses (n=3).

TABLE 3. QUALITY PARAMETRS OF SOFT PALM MID FRACTION AND SOFT PALM STEARIN

  sPMF sPOs

7ULDF\OJO\FHUROV��7$*�� �
� 7ULVDWXUDWHG�7$*� ���������a 15.24±3.75b

� 7ULSDOPLWR\O�JO\FHURO� ���������a 10.73±3.58b

� 0RQRXQVDWXUDWHG�7$*� ����������a 55.64±1.51b

 1,3-dipalmitoyl-2-oleoyl-glycerol 49.14±3.72a 39.64±1.57b

Dropping point 28.58±3.23a 45.80±4.91b

Fatty acid composition  
 Palmitic acid 49.59±1.82a 53.17±2.94a

 Oleic acid 36.20±1.66a 32.93± 2.20a

 Iodine value 44.79±2.53a 41.34±3.56a

Note: S - saturated, sPMF - soft palm mid fraction, sPOs - soft palm stearin.
For each quality parameter, means within each column with same superscripted letter a-b are not significantly 
different at p = 0.02.
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TABLE 5. FATTY ACID COMPOSITION, IODINE VALUE AND DROPPING POINT OF SOFT PALM STEARINS 

 sPOs 1 sPOs 2 sPOs 3 sPOs 4

C12:0 0.19±0.00 0.19±0.01 0.68±0.01 0.15±0.00
C14:0 1.22±0.00 1.84±0.00 1.17±0.02 1.19±0.00
C16:0 49.74±0.05 52.04±0.01 54.33±0.47 56.57±0.06
C16:1 0.15±0.02 0.13±0.00 0.49±0.54 0.10±0.00
C18:0 4.66±0.00 5.09±0.01 4.86±0.02 4.79±0.01
C18:1 35.41±0.01 32.16±0.02 31.23±0.22 30.87±0.05
C18:2 7.79±0.00 6.64±0.00 6.72±0.14 5.70±0.04
C18:3 0.25±0.00 0.10±0.00 0.10±0.01 0.05±0.07
C20:0 0.38±0.00 0.37±0.00 0.31±0.02 0.38±0.00
Others 0.21±0.05 0.47±0.00 0.11±0.02 0.20±0.00

Saturated 56.19±0.06 59.53±0.00 61.35±0.43 63.08±0.07
Monounsaturated 35.57±0.03 33.28±0.01 31.72±0.32 30.98±0.05
Polyunsaturated 8.04±0.01 6.74±0.01 6.82±0.13 5.75±0.11
Others 0.21±0.05 0.47±0.00 0.11±0.02 0.20±0.00

Iodine value (I2/100 g) 45.69±0.08 41.93±0.15 40.68±0.15 37.05±0.18

Dropping point (°C) 40.3±0.10 42.5±0.10 49.9±0.10 50.1±0.10

Note: sPOs - soft palm stearin.
Each value in the table represents the mean ± standard deviation of triplicate analyses (n=3).

7ABLE 4. FATTY ACID COMPOSITION, IODINE VALUE AND DROPPING POINT OF SOFT PALM MID FRACTIONS

 sPMF 1 sPMF 2 sPMF 3 sPMF 4 sPMF 5 sPMF 6 sPMF 7 sPMF 8

C12:0 0.17±0.00 0.17±0.00 0.33±0.04 0.26±0.00 0.20±0.00 0.15±0.00 0.44±0.05 0.13±0.00
C14:0 0.96±0.00 1.06±0.00 0.76±0.12 1.08±0.00 1.02±0.00 1.00±0.00 1.12±0.08 0.84±0.01
C16:0 45.89±0.06 48.79±0.03 50.64±0.52 49.78±0.06 49.17±0.02 49.38±0.08 51.53±0.04 51.55±0.41
C16:1 0.15±0.01 0.14±0.00 0.81±0.14 0.12±0.00 0.12±0.01 0.13±0.01 0.54±0.61 0.10±0.00
C18:0 4.52±0.01 4.57±0.01 5.15±0.04 4.87±0.01 4.90±0.00 4.55±0.01 4.83±0.31 5.17±0.04
C18:1 38.88±0.05 36.92±0.07 33.57±0.63 36.36±0.04 36.74±0.02 37.16±0.01 34.49±0.40 35.44±0.51
C18:2 8.64±0.00 7.66±0.04 7.54±0.03 6.61±0.01 7.16±0.01 6.94±0.07 6.47±0.46 6.13±0.02
C18:3 0.25±0.09 0.16±0.00 0.76±0.16 0.09±0.00 0.13±0.00 0.11±0.00 0.08±0.00 0.11±0.20
C20:0 0.38±0.00 0.36±0.00 0.35±0.01 0.37±0.00 0.38±0.00 0.38±0.00 0.37±0.02 0.39±0.01
Others 0.16±0.02 0.17±0.00 0.10±0.00 0.46±0.00 0.16±0.00 0.19±0.02 0.15±0.02 0.15±0.01

Saturated 51.91±0.05 54.95±0.04 57.22±0.63 56.35±0.05 55.67±0.025 55.47±0.09 58.29±0.51 58.07±0.47
Monounsaturated 39.03±0.04 37.06±0.08 34.38±0.77 36.48±0.04 36.87±0.013 37.30±0.02 35.04±1.00 35.54±0.51
Polyunsaturated 8.90±0.00 7.82±0.04 8.30±0.13 6.70±0.01 7.30±0.011 7.05±0.07 6.54±0.47 6.24±0.03
Others 0.16±0.02 0.17±0.00 0.10±0.00 0.46±0.00 0.16±0.01 0.19±0.02 0.15±0.02 0.15±0.01

Iodine value (I2/100 g) 49.50±0.13 45.83±0.23 45.98±0.09 43.27±0.08 44.38±0.17 45.18±0.08 40.91±0.20 43.26±0.12
Dropping point (°C) 23.4±0.21 31.6±0.14 31.8±0.10 28.3±0.21 28.0±0.14 27.6±0.14 32.5±0.10 25.4±0.14

Note: sPMF - soft palm mid fraction.
Each value in the table represents the mean ± standard deviation of triplicate analyses (n=3).

7KH�LRGLQH�YDOXHV�UHIOHFW�WKH�FRPSRVLWLRQ�RI�WKH�
fatty acids, hence, it is not an advisable comparison 
parameter to differentiate between sPMF and 
V32V��7KH�LRGLQH�YDOXHV�RI�V30)�DQG�V32V�ZDV�QRW�
significantly different, sPMF with 40.91 to 49.50 and 
sPOs with 37.05 to 45.69. No significant difference 
(p < 0.02) was observed among the iodine values 
in sPMF and sPOs (Table 3). Iodine values are not 
able to reflect the actual characteristics of these 
two very varied fractions. IV determines the level 
of unsaturation of the fatty acids and independent 
of the arrangement or position of the fatty acids in 
the triacylglycerol structure. Hence, IV should not 

be considered as a quality parameter to differentiate 
these two fractions.

Dropping Point 

7KH�'3�RI�V30)�UDQJHG�IURP������&�WR������&�
as shown in Table 4�� 7KH� YDULDWLRQ� LQ� WKH� '3� LV�
attributed to the triacylglycerol composition of 
WKHVH� IUDFWLRQV�� 7KH� ORZ� DPRXQW� RI� WULVDWXUDWHG�
triacylglycerols in sPMF 1 (2.45%) and sPMF 8 
(2.41%), resulted in lower DP values of 23.4°C and 
25.4°C, respectively. In contrast, sPMF 2 and sPMF 3 
with higher amount of trisaturated triacylglycerols 
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of 4.75% and 4.72%, gave higher DP values of 31.6°C 
DQG� �����&�� UHVSHFWLYHO\�� 7KH� '3� RI� V32V� YDULHG�
between 40.3°C to 50.1°C as shown in Table 5��7KH�
high DP values of sPOs were caused by the higher 
amount of trisaturated triacylglycerols present in 
the fractions. Sample sPOs 1 contained 10.46% of 
trisaturated triacylglycerols which gave a DP value 
of 40.3°C and sPOs 4 with 18.52% of trisaturated 
triacylglycerols gave a higher DP value of 50.1°C. 
Although the IV overlapped in the range of 40 to 
46 between the two types of palm solid fractions, 
WKH�'3�YDULHG�GLVWLQFWLYHO\��7KH�'3�RI�V30)�UDQJHG�
between 24.3°C to 31.8°C and sPOs varied between 
40.3°C to 50.1°C, a substantial difference of 8.5°C 
WR� �����&�� 7KLV� GLIIHUHQFH� LV� GXH� WR� WKH� YDULHG�
triacylglycerol compositions in the fractions. DP 
values were able to express the physical variation 
EHWZHHQ� V30)�DQG� V32V��7KH�'3�YDOXHV�REWDLQHG�
for these fats were high ranging from 40.3°C to 
50.1°C. Similar values were  reported by Rashid et al. 
of  palm stearin with IV of 40.8 gave an slip melting 
point of 49.6°C (Rashid et al., 2012).

Significant difference (p < 0.02) was observed 
among the DP values in sPMF and sPOs as shown 
in Table 3. DP of sPMF ranged from 23.4°C to 32.5°C, 

)LJXUH����6ROLG�IDW�FRQWHQW�RI�VRIW�SDOP�PLG�IUDFWLRQV��V30)��
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in contrast sPOs exhibited much higher DP values 
of 40.3°C to 50.1°C. Hence, DP can be used to 
differentiate these two fractions.

Solid Fat Content 

7KH� 6)&� SURILOHV� RI� V30)� VKRZHG� VLPLODU�
trends even though the triacylglycerol compositions 
differed ()LJXUH� ���� 7KH� 6)&� YDOXHV� RI� V30)�ZHUH�
from 48% to 65% at 15°C and from 34% to 51% at 
���&��7KHVH�IUDFWLRQV�H[SHULHQFHG�D�GUDVWLF�GHFUHDVH�
in SFC between 20°C to 25°C (a mere increase of 
5°C), SFC decreased from 34% to 51% at 20°C to 
EHORZ� ���� DW� ���&�� 7KH� VXEVWDQWLDO� GLIIHUHQFH� LQ�
SFC was 15% to 35% between the temperatures of 
���&�WR����&��7KLV�VKDUS�GHFUHDVH�LQ�WKH�SHUFHQWDJH�
of SFC values were in the range of 20°C to 25°C, 
which denotes the melting of the monounsaturated 
triacylglycerols, which are a major component 
RI� V30)�� 7KH� SHUFHQWDJH� RI� PRQRXQVDWXUDWHG�
triacylglycerols present in sPMF are from 61.83% to 
80.07%. SFC values were from 0.0% to 5% at 30°C. 
Composition of triacylglycerols strongly influences 
WKH�6)&�SURILOH�SDWWHUQV��7KH�PDLQ�PRQRXQVDWXUDWHG�
triacylglycerol is POP (46% to 52%), hence, the SFC 
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profile pattern was dominated by the characteristic 
RI� 323� WKDW� KDV� D�'3� RI� �����&� �շ·�� WR� �����&� �շ���
7KLV�XQLTXH�6)&�SURILOH�LV�SUHIHUUHG�E\�WKH�FKRFRODWH�
industry, hence, it is widely used as a cocoa butter 
equivalent (Bootello et al., 2012). POP rich fats are 
usually blended with exotic crops such as shea, sal 
and illipe fats (source of palmitoyl--oleoyl-strearoyl-
glycerol and distrearoyl -oleoyl-glycerol), to obtain 
fat blends that are compatible to cocoa butter.  

7KH�6)&�SURILOHV� RI� V32V�YDULHG� LQ� WKH�GHJUHH�
of SFC present at individual temperatures reflecting 
the variation in the triacylglycerols present ()LJXUH�
3���7KH�YDULDWLRQ�ZDV�GXH�WR�WKH�OHYHO�RI�WULVDWXUDWHG�
triacylglycerols present, as the percentage of 
trisaturated triacylglycerols increased, the 
percentage of SFC at the respective temperatures 
LQFUHDVHG�� 7KH� 6)&� SURILOHV� RI� V32V� GLG� QRW�
exhibit a sharp drop over the temperature range 
evaluated, rather a gradual decrease in SFC values 
was experienced with the increase in temperature. 
A decrease of 28% to 32% of SFC was observed 
between 20°C to 30°C (sPOs 1 dropped from 42% 
to 14%, sPOs 2 from 49% to 20%, sPOs 3 from 59% 
WR�����DQG�V32V���IURP�����WR�������7KLV�GURS�LQ�
SFC was due to the melting of monounsaturated 

)LJXUH����6ROLG�IDW�FRQWHQW�RI�VRIW�SDOP�VWHDULQV��V32V��
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triacylglycerols which were 54% to 57% (POP 38% 
WR� ����� RI� WKH� WULDF\OJO\FHURO� FRPSRVLWLRQ�� 7KH�
percentage of SFC present at 45°C ranged from 0.3% 
to 10%. 

7KH�6)&�SURILOH�RI� V30)�DQG� V32V�GLIIHUHG�DW�
WKH�WHPSHUDWXUH�UDQJH�RI����&�WR����&��7KH�SRLQW�WR�
emphasise is that sPOs did not mimic the SFC profiles 
of  sPMF although they have a high percentage of 
POP but on the contrary, exhibited a ‘tail effect’ 
due to the presence of trisaturated triacylglycerols, 
that ranged from 10% to 18%.  Hence, SFC profiles 
for sPMF and sPOs can be established and used to 
differentiate these two fractions.  

Crystallisation and Melting Behaviour

7KH�FU\VWDOOLVDWLRQ�DQG�PHOWLQJ�FXUYHV�RI�V30)�
are as shown in )LJXUH��. 7KH�SRVLWLRQ�RI�WKH�SHDNV�
in the crystallisation and melting profiles are very 
much dominated by the triacylglycerol composition 
that is strongly related to the content of low melting, 
medium melting and high melting triacylglycerols 
(Braipson and Gibon, 2007; Marangoni and Lencki, 
������� 7KH� RQVHW� WHPSHUDWXUH� RI� WKH� FU\VWDOOLVDWLRQ�
profile is characterised by the beginning of fat 
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crystal formation, which is greatly influenced by the 
content of saturated triacylglycerols combined with 
rapid cooling and the offset temperature explains 
the end of crystallisation (Saadi et al.,� ������� 7KH�
onset temperature of sPMF differed with the amount 
of saturated triacylglycerols present in the fractions. 

Fraction sPMF 1 exhibited a single exothermic peak, 
displaying the homogenous crystallisation and 
formation of crystals. sPMF 2 to sPMF 8 exhibited 
D�ZHOO�GHILQHG�WZR�VWDJH�FU\VWDOOLVDWLRQ��7KH�HYHQWV�
indicated initial crystallisation of trisaturated 
triacylglycerols and continued with the crystallisation 

)LJXUH����'LIIHUHQWLDO�VFDQQLQJ�FDORULPHWU\��'6&��WKHUPRJUDPV�RI��D��FRROLQJ��FU\VWDOOLVDWLRQ��DQG��E��KHDWLQJ��PHOWLQJ��RI�VRIW�SDOP�
PLG�IUDFWLRQV��V30)��
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of monounsaturated and diunsaturated 
WULDF\OJO\FHUROV�� 7KH� RIIVHW� FU\VWDOOLVDWLRQ�
temperature of sPMF 1 to sPMF 8 were between 
-29°C to -31°C, indicating the delayed crystallisation 
RI� WULXQVDWXUDWHG� WULDF\OJO\FHUROV�� 7KH� PHOWLQJ�
profiles of sPMF exhibited a major endothermic 
peak accompanied by a broad endothermic peak. 
sPMF 8 had the highest peak attributed by its high 
monounsaturated triacylglycerols level of 80% and 
this was closely followed by sPMF 7 with 71% of 
monounsaturated triacylglycerols. sPMF 3, sPMF 
4, sPMF 5 and sPMF 6 exhibited a very similar 
SDWWHUQ� RI� HQGRWKHUPLF� PHOWLQJ� SHDNV�� 7KLV� WUHQG�
was aligned to the composition of monounsaturated 
triacylglycerols present in these fractions which 
varied from 67.15% to 68.01% with approximately 
48.27% to 49.64% of POP. 7KH� ORZHVW� SHDN� ZDV�
exhibited by sPMF 1, which was related to the lowest 
percentage of monounsaturated triacylglycerols 
of 61.83% with 43.53% of POP. sPMF 1 and sPMF 
8 had only one endothermic peak present without 
D� WDLOLQJ� EURDG� SHDN�� 7KHVH� IUDFWLRQV� KDG� ORZ�
percentage of trisaturated triacylglycerols of 2.4%, 
hence, the endothermic broad peak indicating the 
crystallisation of these trisaturated triacylglycerols 
were not evident as compared to sPMF 2 to sPMF 
7. sPMF 2 and sPMF 7 had 3.44% to 5.41% of 
trisaturated triacylglycerols, with 2.4% and 2.6% of 
tripalmitin (PPP), respectively. Hence, sPMF 2 and 
sPMF 7 showed broader secondary endothermic 
peaks indicating melting of high melting trisaturated 
triacylglycerols. Similar observations were reported 
in binary mixtures of PPP/POP with a blending 
ratio of 10:90. It was reported that the lowering and 
broadening of peaks denoting the melting behaviour 
of PPP is caused by level of solubility of PPP in the 
presence of liquid POP (Minato et al.,��������7KHVH�
phenomena also explain the complete melting of 
PPP at temperatures below 40°C. 

7KH� V32V� FU\VWDOOLVDWLRQ� SURILOH� H[KLELWHG� WZR�
exothermic peaks, as shown in )LJXUH����7KH�RQVHW�
temperature of the first exothermic peak varied with 
the percentage of trisaturated triacylglycerols. As the 
percentage of trisaturated triacylglycerols increased, 
WKH�RQVHW� WHPSHUDWXUH� LQFUHDVHG��7KH� ORZHVW� RQVHW�
temperature was exhibited by sPOs 1 at 18°C with 
10% trisaturated triacylglycerols, followed by sPOs 
��DW����&�ZLWK�����WULVDWXUDWHG�WULDF\OJO\FHUROV��7KH�
highest onset temperature was by sPOs 3 and sPOs 
��DW����&�ZLWK�����WULVDWXUDWHG�WULDF\OJO\FHUROV��7KH�
sPOs were crystallised rapidly at the rate of 10°C 
min-1, hence, crystallised instantaneously. High 
melting triacylglycerols were rapidly cooled which 
initiated rapid crystallisation, forming solids within 
D�OLTXLG�SKDVH��7KLV�RFFXUUHQFH�ZDV�DFFRPSDQLHG�E\�
a rapid increase in viscosity, thus, severely limiting 
mass transfer, hence, a single major peak was 
observed representing the combined crystallisation 
of trisaturated, monounsaturated and diunsaturated 

triacylglycerols (Campos et al.,�������7RUR�9D]TXH]�et 
al.,��������7KH�VHFRQG�HQGRWKHUPLF�SHDN�ZDV�D�EURDG�
peak stretching from approximately 5°C to -30°C, 
indicating the combined crystallisation of low and 
medium melting triacylglycerols. 

7KH�PHOWLQJ�SURILOHV�RI�V32V�IUDFWLRQV�SUHVHQWHG�
in )LJXUH� � exhibit two significant endothermic 
SHDNV��7KH�SRVLWLRQV�RI�WKH�WZR�HQGRWKHUPLF�SHDNV�
were, one below 20°C and the other above 20°C 
(Anais et al.,� ������� 7KH� WZR� HQGRWKHUPLF� SHDNV�
corresponded to melting transitions of low melting 
triacylglycerols (low temperature endotherm is from 
-30°C to 20°C) and the second peak indicating the 
melting of the medium melting and high melting 
triacylglycerols (medium and high temperature 
endotherm is from 20°C to 50°C) (Anais et al., 2010; 
7DQ� DQG� &KH� 0DQ�� ������� ,Q� V32V� �� DQG� V32V� ���
a third endothermic peak was observed; which 
corresponded to the presence of higher amount of 
KLJK�PHOWLQJ�VDWXUDWHG�WULDF\OJO\FHUROV��7KH�DPRXQW�
of trisaturated triacylglycerols in sPOs 3 and sPOs 4 
were 17.94% and 18.52%, respectively as compared 
to sPOs 1 and sPOs 2 with 10.46% and 14.03%, 
respectively.  

7KH� V30)� DQG� V32V� H[KLELW� XQLTXH� DQG�
distinctive crystallisation and melting profiles. 
7KH� FU\VWDOOLVDWLRQ� DQG� PHOWLQJ� SURILOH� UHIOHFW� WKH�
triacylglycerol composition of the fractions. Hence, 
crystallisation and melting profile can be established 
and used to differentiate these two fractions. 

CONCLUSION

Specific chemical and physical characteristics of 
sPMF differ from sPOs. sPMF contained higher 
amounts of monounsaturated triacylglycerols than 
V32V�� 7KH� PRQRXQVDWXUDWHG� WULDF\OJO\FHUROV� RI�
sPMF ranged from 61.83% to 80.07% (POP from 
43.53% to 55.95%) and sPOs from 55.56% to 57.33% 
�323� IURP� ������� WR� ��������� 7KH� WULVDWXUDWHG�
triacylglycerols ranged from 2.45% to 5.41% in 
sPMF and 10.46% to 18.52% in sPOs. SFC profile 
RI� V30)� DQG� V32V� YDULHG� VLJQLILFDQWO\�� 7KH� V30)�
exhibited a sharp decrease in the percentage of 
VROLGV� IURP����&� WR����&��7KH�6)&�YDOXHV�RI� WKHVH�
fractions were 34% to 51% at 20°C and below 0.0% 
to 5% at 30°C. In contrast, sPOs did not exhibit a 
sharp decrease between 20°C to 30°C temperature 
and had 0.3% to 10% of solids at 45°C giving the 
IUDFWLRQ� D� WDLOLQJ� � HIIHFW�� 7KH� '3� RI� WKH� IUDFWLRQV�
DOVR� YDULHG� VLJQLILFDQWO\�� 7KH� '3� RI� V30)� UDQJHG�
from 24.3°C to 31.8°C and that of sPOs ranged 
from 40.3°C to 50.1°C. sPMF and sPOs exhibit 
unique and distinctive crystallisation and melting 
profiles which can be used to differentiate these two 
IUDFWLRQV��7KXV��WULDF\OJO\FHURO�FRPSRVLWLRQ��'3��6)&�
and thermal behaviour (crystallisation and melting) 
are indicative parameters that are able to assist in 
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determining the variations in the characteristics of  
sPMF and sPOs. In contrast, FAC and iodine values 
are objectionable indicators to differentiate these 
WZR� VROLG� IUDFWLRQV��7KH� VSHFLILFDWLRQ�RQ� WKH� V30)�
and sPOs should be addressed and established to 
avoid confusion in sales and purchase transactions.  
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