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ABSTRACT

,Q�WKLV�UHVHDUFK��WKH�FU\VWDOOL]DWLRQ�SURSHUWLHV�RI�UH¿QHG�EOHDFKHG�DQG�GHRGRUL]HG��5%'��SDOP�RLO�XQGHU�LVRWKHUPDO�

FRQGLWLRQV�ZHUH�LQYHVWLJDWHG��$�JRRG�TXDOLW\�RI�5%'�SDOP�RLO��VKRZHG�E\�,9��))$�FRQWHQW��39��DQG�$9�ZLWK�WKH�YDOXHV�

RI��������������������PHT�NJ��DQG�������UHVSHFWLYHO\��ZDV�XVHG�LQ�WKLV�UHVHDUFK��,Q�JHQHUDO��5%'�SDOP�RLO�GHPRQVWUDW-

ed a two-step crystallization process at the isothermal crystallization temperatures/  of 18oC, 20oC and 22oC. 

)URP�GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWU\��'6&��PHDVXUHPHQW�RI�5%'�SDOP�RLO��WKH�PHOWLQJ�KHDWV�  

VKRZHG�GHFUHPHQW�YDOXHV��������-�J��������-�J�DQG�������-�J��EXW�WKH�SHDNV�RI�WKH�FRUUHVSRQGLQJ�HQGRWKHUP�  

VKRZHG�LQFUHPHQW�YDOXHV�������oC, 34.72oC and 36.44o&��ZKHQ�ERWK�ZHUH�FRUUHODWHG�WR�WKH�LQFUHDVHG�YDOXHV�RI�LVR-

thermal crystallization temperatures/ ����oC, 20oC, and 22o&��UHVSHFWLYHO\���)URP�UKHRPHWU\�DQDO\VLV�RI�5%'�

SDOP�RLO��DW�WKH�LVRWKHUPDO�FU\VWDOOL]DWLRQ�WHPSHUDWXUH�RI���o&���WKH�UKHRJUDPV�JDYH�WKH�YDOXHV�RI�WKH�SKDVH�VKLIW�DQJOH�

� ���VWRUDJH�PRGXOXV�� ��DQG�FRPSOH[�PRGXOXV�� ��DW�WKH�HQG�RI�FU\VWDOOL]DWLRQ�SURFHVV�DV�IROORZV����o, 

11.36 kPa, and 39 kPa. The overlay of  and  gave  with the value of 49.6 Pa at the 

isothermal time of 11.7 minute.

Keywords: Palm oil, crystallization, isothermal, DSC and rheometry

INTRODUCTION

Palm oil is one of the most important sources of edible 

oils and fats in the world, just the second after soybean as the 

biggest turnout of vegetable oils. In tropical countries, palm 

oil will exist as a mixture of solid and liquid forms since the oil 

naturally contains both high and low melting triacylglycerols 

approximately at an equal ratio. According to Kellens (1991), 

the high and low melting triacylglycerols can be separated by 

D�SDUWLDO�FU\VWDOOL]DWLRQ�SURFHVV��+LJK�PHOWLQJ�WULDF\OJO\FHUROV�

ZLOO�FU\VWDOOL]H�LQWR�VROLG�IUDFWLRQ�DV�VWHDULQ�DQG�ORZ�PHOWLQJ�

triacylglycerols will remain in liquid fraction as olein (Zaliha 

et al., 2004). The success of that separation depends on the 

DSSURSULDWHQHVV�RI�WKH�FU\VWDOOL]DWLRQ�FRQGLWLRQ�

&U\VWDOOL]DWLRQ�DOVR�WDNHV�LPSRUWDQW�IXQFWLRQV�WR�SUR�GXFW�

qualities of fats and oils, especially the texture, consistency, 

emulsion stability and other physical properties (Foubert, 

������� )DW� FU\VWDOOL]DWLRQ� FDQ� EH� GLYLGHG� LQWR� WKUHH� VWDJHV��

QDPHO\�SULPDU\�FU\VWDOOL]DWLRQ��PLFURVWUXFWXUDO�GHYHORSPHQW��

and macroscopic formation. Moreover, the primary crystal-

OL]DWLRQ�KDV�WKUHH�GLVWLQFWLYH�VWHSV�DV�IROORZV��VXSHU�FRROLQJ�

of the melt, formation of crystal nuclei and crystal growth. 

$OO�RI�WKRVH�VWDJHV�DUH�LQÀXHQFHG�E\�FKHPLFDO�FRPSRVLWLRQV�

(i.e. triacylglycerols, minor components) and processing con-

ditions (i.e. temperature, time, shear) (Marangoni and Hartel, 

1998).

The phase behavior of palm oil is considered to be ex-

tremely complex due to the presence of the polymorphism on 

WKH�VROLG�SKDVH��%HUJHU���������3DOP�RLO�PD\�FU\VWDOOL]H�LQWR�

WKUHH�EDVLF�SRO\PRUSKLF�IRUPV��QDPHO\�.�� DQG���SRO\-

morphs. The �IRUP�VHHPV�WR�EH�VWDELOL]HG�LQ�FU\VWDOOL]HG�

SDOP�RLO��7KLV�VWDELOL]DWLRQ�ZRXOG�EH�UHODWHG�WR�WKH�SDOPLWLF�

acid content of the oil as well as the molecular structure and 

the stereochemical distribution of triacylglycerols in palm oil 

in which they hinder the transformation from  form to 

WKH���IRUP��6DWR��������

The aim of this research was to investigate the crystal-

OL]DWLRQ�SURSHUWLHV�RI�WULDF\OJO\FHUROV�LQ�UH¿QHG�EOHDFKHG�DQG�
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GHRGRUL]HG (RBD) palm oil under isothermal conditions. The 

analytical methodologies used to evaluate triacylglycerols 

FU\VWDOOL]DWLRQ� LQ� 5%'� SDOP� RLO� ZHUH� GLIIHUHQWLDO� VFDQQLQJ�

calorimetry (DSC) and oscillatory rheological measurement. 

The parameters obtained from the measurements (e.g. the heat 

of melting/ , complex modulus/  and phase 

VKLIW�DQJOH�/��ZHUH�XVHG�WR�GHVFULEH�WULDF\OJO\FHUROV�FU\VWDO-

OL]DWLRQ��SDUWLFXODUO\�DW�WKH�VWDJHV�RI�WKH�RQVHW�RQ�QXFOHDWLRQ�

and crystal growth.

MATERIALS AND METHODS

Materials

7KH�UH¿QHG�SDOP�RLO�XVHG�DV�WKH�VDPSOH�RQ�WKLV�UHVHDUFK�

LV�WHUPHG�DV�5%'��UH¿QHG��EOHDFKHG�DQG�GHRGRUL]HG��SDOP�RLO��

The oil has an origin from Sumatra plantation. All chemicals 

were either of analytical or high-performance liquid chroma-

tography (HPLC) grades.

Chemical Characterization

Determination of triacylglycerol (TAG) distribu-

tion. The distribution of the triacylglycerols was determined 

E\� +3/&�� DFFRUGLQJ� WR�$2&6� 2I¿FLDO� 0HWKRG� &H� �E±���

(AOCS, 1996), with a differential refractometer as a detector. 

0LQRU�SUDFWLFDO�DGMXVWPHQWV�WR�WKH�ÀRZ�UDWH������PO�PLQ��DQG�

mobile phase composition (63.5 % acetone and 36.5 % ac-

etonitrile mixture) were made in order to improve TAG sepa-

ration. The column and detector temperatures were 40oC. The 

HPLC system consisted of Waters 515 HPLC pump, Waters 

2414 refractive index detector, Waters 717 HPLC with auto 

sampler unit and Waters silica column.

Iodine value (IV). The IVs of the RBD palm oil was 

GHWHUPLQHG�XVLQJ�WKH�$2&6�RI¿FLDOO\�UHFRPPHQGHG�PHWKRG�

Cd 1b–87 (AOCS, 1996).

Free fatty acids content (FFA). The amount of free fat-

ty acids was determined by dissolving a known quantity of fat 

in ethanol and subsequent titration with aqueous potassium 

K\GUR[LGH�DV�GHVFULEHG�RQ�WKH�$2&6�RI¿FLDOO\�UHFRPPHQGHG�

method Ca 5a-40 (AOCS, 1996).

Peroxide value (PV). The peroxide of the sample was 

determined using the acetic acid – isooctane method as de-

VFULEHG�RQ�WKH�$2&6�RI¿FLDOO\�UHFRPPHQGHG�SURFHGXUH�&G�

8-53 (AOCS, 1996).

 p-Anisidine value (AV). The p-Anisidine value was 

used to determine the amount of secondary oxidation pro ducts 

(principally 2-alkenals and 2,4-dienals) in the oil sample. The 

PHDVXUHPHQW�ZDV�FDUULHG�RXW�XVLQJ�$2&6�RI¿FLDOO\�UHFRP-

mended method Cd 18-90 (AOCS, 1996).

Isothermal DSC Analysis

DSC analysis was carried out using a Q1000 DSC (TA 

Instruments, New Castle, USA) with a refrigerated cooling 

system (TA Instruments) using aluminum SFI pans. Calibra-

tion was made with indium and n-dodecane standards. Nitro-

gen was used as purge gas in order to prevent condensation in 

the cells. An empty aluminum SFI pan was used as reference. 

The sample was heated at 70 oC for 10 minutes to erase all 

crystal memory, then fast cooled to the isothermal crystalli-

]DWLRQ�WHPSHUDWXUH�� : 18 oC; 20 oC and 22 oC) for 60 

minutes at a cooling rate of 10oC/min.

$IWHU�FRPSOHWLRQ�RI� WKH�FU\VWDOOL]DWLRQ�H[RWKHUP��KHDW�

capacity returned to the baseline), the melting thermogram 

was determined at a heating rate of 10oC/min. For each 

, the heat of melting ( ) and the temperature 

at the peak ( ) of the corresponding endotherm were 

FDOFXODWHG�XVLQJ�WKH�¿UVW�GHULYDWLYH�RI�WKH�KHDW�FDSDFLW\��

 was considered the apparent melting temperature of the 

SRO\PRUSK�FU\VWDOOL]HG�IURP�WKH�PHOW�RI� WKH�RLO�VDPSOH�DW�D�

particular .

Oscillatory Rheometry Measurements

AR-2000 controlled stress rheometer was used to per-

form the small deformation oscillatory measurement using 

starch pasting cell (SPC). A gap of 5500 µm was used for 

DOO�PHDVXUHPHQWV�WR�PLQLPL]H�WKH�ULVN�RI�FORJJLQJ�RI�WKH�RLO�

sample. A temperature program was applied as follows: 1) 

the oil sample was melted at 70oC to erase all crystal memory 

and kept isothermally for 10 minutes; 2) cooling at 10oC/min 

WR� WKH�GHVLUHG�FU\VWDOOL]DWLRQ� WHPSHUDWXUH� ; 3) oscil-

ODWRU\� WLPH�VZHHS�DW� WKH�DFKLHYHG� LVRWKHUPDO�FU\VWDOOL]DWLRQ�

temperature.

The linear viscoelastic region (LVR) was employed 

WR� WKH� V\VWHP� GXULQJ� FRROLQJ� DQG� LVRWKHUPDO� FU\VWDOOL]DWLRQ�

VWDJH��$�FRQVWDQW�IUHTXHQF\�RI���+]�DQG�D�YHU\�ORZ�VWUDLQ�RI�

0.45% were used in all oscillatory measurements to ensure 

WKDW�WKH�FU\VWDOOL]DWLRQ�SURFHVV�ZDV�SHUIRUPHG�ZLWKLQ�WKH�YLV-

coelastic region without any noticeable disturbances.

The rheograms were obtained by plotting the mean 

values of storage modulus ( ), complex modulus (

��DQG�WKH�SKDVH�VKLIW�DQJOH��/��DV�D�IXQFWLRQ�RI�LVRWKHUPDO�

FU\VWDOOL]DWLRQ�WLPH�
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RESULTS AND DISCUSSION

Chemical Characterization of RBD Palm Oil

Table 1.  Triacylglycerols distribution of RBD palm oil

TAG-species* TAG-distribution (%)

DAG **

PLL

OOL

POL

PLP

OOO

POO

POP

PPP

SOO

POS

PPS

4.83 + 0.45***)

0.94 + 0.02

1.86 + 0.04

10.76 + 0.20

8.45 + 0.25

4.19 + 0.06

24.10 + 0.39

29.64 + 0.13

5.56 + 0.09

2.82 + 0.01

5.76 + 0.28

1.24 + 0.01

*  M (Myristic), P (Palmitic), S (Stearic), O (Oleic) and L (Linoleic).
**  Diacylglycerols (DAG) was calculated using the similar response factor 

of those TAG.
*** Each value in the table represents the mean + standard deviation from 

three analyses and three replications.

RBD palm oil is well known having a relatively clear 

mixture of high and low melting triacylglycerols in addition 

to a small amount of minor components, such as mono and 

diacylglycerols. The chemical composition of RBD palm oil 

ZLOO�GHWHUPLQH�WKH�ZD\�RI�WKH�RLO�JRQH�WR�WKH�FU\VWDOOL]DWLRQ�

SURFHVV��7KH�WULDF\OJO\FHUROV�SUR¿OH�RI�5%'�SDOP�RLO�ZDV�GH-

termined by HPLC and the relative amount of each compo-

nent is presented in Table 1. It was found that the three main 

triacylglycerols were POP (29.64 %), POO (24.1 %) and 

POL (10.76 %). The oil also showed the presence of a small 

amount of diacylglycerols (4.83 %). These results agree with 

the others, previously reported for RBD palm oil (Siew and 

Ng, 1995; deMan, 2000).

The chemical characteristics of RBD palm oil used in 

this study were given in Table 2. The RBD palm oil had an IV 

of 52.14. The oil sample was considered to have a good qual-

ity as usually shown by fresh oil. Indicators of a good quality 

of the oil sample were showed by low values of FFA (0.06 %), 

PV (1.39 meq/kg) and AV (0.88). The level of FFA indicates 

the amount of the acidic components in the oil. According to 

Sherwin (1968), the determination of FFA value by titration 

does not differentiate between acids formed by oxidation and 

those formed by hydrolysis.

Table 2.  Quality characteristics of RBD palm oil

Characteristics of the oil Value

IV (g of I2/100 g oil)

FFA content (%)

PV (meq hydroperoxide/kg oil)

AV

52.14 + 0.59*

0.06 + 0.02

1.39 + 0.23

0.88 + 0.16

* Each value in the table represents the mean + standard de-

viation from three analyses and three replications.

Meanwhile, the PV and AV were used to estimate the 

extent of the oil deterioration caused by oxidation. Peroxides 

are unstable and can break down to carbonyl and aldehyde 

compounds giving the value of PV to rise and fall over stora-

ge. Because of this fact, AV will be necessary to be measured 

as supplemental information on deciding the extent of oil de-

terioration. Egan et al (1981) stated that good quality oil usu-

ally has a PV below 10 meq/kg.

In this context, it is important to point out that the chem-

ical composition and the quality of the oil will give strong ef-

IHFWV�WR�LWV�FU\VWDOOL]DWLRQ�EHKDYLRU��$FFRUGLQJ�WR�6LHZ�DQG�1J�

(1999), palm oil diacylglycerols may inhibit the nucleation 

process and retard the crystal growth rate of palm triacylg-

lycerols. The extent of inhibition depends on the nature of 

the diacylglycerols and its concentration. Wright et al. (2000) 

also pointed out that minor components (such as partial acyl-

JO\FHUROV� DQG� IUHH� IDWW\� DFLGV�� LQÀXHQFH� IDW� FU\VWDOOL]DWLRQ��

For example, monoacylglycerols have been considered as an 

DGGLWLYH�WR�LPSURYH�VSUHDGDELOLW\�RI�EXWWHU�DQG�WR�VWDELOL]H�WKH�

preferred crystal polymorphs in chocolate products.

Isothermal Crystallization as Measured by Differential 

Scanning Calorimetry (DSC)

7KH� LVRWKHUPDO� FU\VWDOOL]DWLRQ� WKHUPRJUDP� DW� YDULRXV�

FU\VWDOOL]DWLRQ� WHPSHUDWXUHV� � : 18 oC, 20 oC and 22 
o&��ZDV�VKRZQ�LQ�)LJXUH����$W�HYHU\�FU\VWDOOL]DWLRQ�WHPSHUD-

ture, a major peak was found in addition to a small shoulder at 

WKH�EHJLQQLQJ�RI�FU\VWDOOL]DWLRQ�WLPH��+RZHYHU��WKH�VKRXOGHUV�

�LQGLFDWHG�DV�WKH�¿UVW�SHDNV�LQ�WKH�)LJXUH����ZHUH�QRW�FOHDUO\�

observed because of the DSC limitation on the analysis run-

ning. The instrument needs to equilibrate for a new setting 

condition that causes a disturbance on the reading of the oil 

VDPSOH� RQ� WKDW� SRLQW�� 6LQFH� FU\VWDOOL]DWLRQ� SURFHVV� DFWXDOO\�

KDV�VWDUWHG�EHIRUH�UHDFKLQJ�WKH�FU\VWDOOL]DWLRQ�WLPH��WKH�GLVWXU-

bance of the instrument reading caused an imperfect curve at 

the beginning part of the thermogram curve.
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)LJXUH�����,VRWKHUPDO�FU\VWDOOL]DWLRQ�RI�5%'�SDOP�RLO

The behavior of the melting heat (

) and the temperature at the peak of the corres-

ponding endotherm ( ) for RBD palm oil as function of 

LVRWKHUPDO�FU\VWDOOL]DWLRQ�WHPSHUDWXUH�� ) was shown 

in Figure 2. There was an inverse relationship between the 

LVRWKHUPDO�FU\VWDOOL]DWLRQ�WLPH�DQG�WKH�FRUUHVSRQGLQJ�PHOWLQJ�

KHDW��$W�LQFUHDVHG�LVRWKHUPDO�FU\VWDOOL]DWLRQ�WHPSHUDWXUHV�����
oC, 20 oC and 22 oC), the thermograms gave the decrement 

values of melting heats (33.84 J/g, 26.83 J/g and 22.47 J/g, 

respectively) and the increment values of the peak of the cor-

responding endotherm (33.52 oC, 34.72 oC and 36.44 oC, re-

spectively). This effect was associated with the higher amount 

of solid phase developed in the melt through triacylglycerols 

FU\VWDOOL]DWLRQ�DV� WKH�GHJUHH�RI� VXSHUFRROLQJ� LQFUHDVHG��7KH�

ORZHU� FU\VWDOOL]DWLRQ� WHPSHUDWXUH� ZLOO� DVVLVW� WKH� PHGLXP�

high melting triacylglycerols (i.e. POO and POL) to be pre-

sent more in the solid phase in addition to the high melting 

triacylglycerols (i.e. POP and PLP). On contrary, as the solid 

phase contained more unsaturated triacylglycerols, the melt-

ing temperatures of the solid phase had lower values when the 

FU\VWDOOL]DWLRQ�WHPSHUDWXUHV�GHFUHDVHG�

Isothermal Crystallization as Measured by Oscillatory 

Rheometry

5KHRORJ\�LV�WKH�VWXG\�RI�GHIRUPDWLRQ�DQG�ÀRZ�RI�PD-

WHULDOV��$FFRUGLQJ�WR�7RUR�9D]TXH]�et al. (2000), oscillatory 

UKHRORJ\�FDQ�EH�XVHG� WR�VWXG\�IDW�FU\VWDOOL]DWLRQ�E\�IROORZ-

ing the storage modulus, loss modulus, complex modulus or 

phase angle as a function of isothermal time at a desired crys-

WDOOL]DWLRQ�WHPSHUDWXUH��)LJXUH���VKRZHG�WKH�VWRUDJH�PRGXOXV�

( ��DV�D�IXQFWLRQ�RI�WLPH�IRU�WKH�FU\VWDOOL]DWLRQ�RI�5%'�

SDOP�RLO�DW�GLIIHUHQW�FU\VWDOOL]DWLRQ�WHPSHUDWXUH�� : 18 
oC, 20 oC and 22 oC).

)LJXUH��� VKRZHG�DW� DOO� LVRWKHUPDO� FU\VWDOOL]DWLRQ� WHP-

peratures gave an increase of storage modulus ( ) with 

Two peaks observed in the thermogram implied that the 

FU\VWDOOL]DWLRQ� SURFHVV� RFFXUUHG� LQ� WZR� VWHSV��$FFRUGLQJ� WR�

Chen et al. (2002), lower degrees of supercooling of palm oil 

ZLOO�JLYH�D�RQH�VWHS�FU\VWDOOL]DWLRQ�SURFHVV�ZKLOH�DW�KLJKHU�GH-

JUHHV�RI�VXSHUFRROLQJ�FDQ�FKDQJH�WKH�FU\VWDOOL]DWLRQ�EHKDYLRU�

of palm oil into a two-step processes. Analogously with cocoa 

EXWWHU�� WKH�¿UVW� H[RWKHUP�ZDV� DVVLJQHG� WR� WKH�.� SRO\PRUSK�

while the second peak was assigned to the  polymorph. 

Once the initial  crystals were developed via a polymor-

SKLF�WUDQVLWLRQ�IURP�.�FU\VWDO��DGGLWLRQDO� �FU\VWDOOL]DWLRQ�

might occur directly from the melt through a facilitated nucle-

ation mechanism. This mechanism occurred giving the  

template previously developed in the system (van Malssen et 

al.��������7RUR�9D]TXH]�et al., 2004).

Figure 3.  Storage modulus ( ��UKHRJUDP�IRU�WKH�FU\VWDOOL]DWLRQ�RI�5%'�

palm oil

)LJXUH����5HODWLRQVKLS� EHWZHHQ� WKH� LVRWKHUPDO� FU\VWDOOL]D-

tion temperature ( ) with the melting heat                    

( ) and melting temperature 

( )
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WKH�DGYDQFH�RI�FU\VWDOOL]DWLRQ�WLPH�XQWLO�UHDFKLQJ�D�SODWHDX�DW�

the end of FU\VWDOOL]DWLRQ�SURFHVV��7KH�LQFUHDVHV�RI�WKH�VWRUDJH�

modulus ( ��DV�D�IXQFWLRQ�RI�FU\VWDOOL]DWLRQ� WLPH�XQGHU�

isothermal conditions were associated with the crystal mass 

development. After nucleation process, the crystals grew up 

WR�D�FHUWDLQ�VL]H�DQG�VWDUWHG�WR�EXLOG�XS�D�QHWZRUN�IRUPDWLRQ��

The system then turned into a more elastic liquid. A higher 

value of storage modulus ( ) indicated that the sample 

behaved more elastically (solid-like).

At the beginning of isothermal time (for all crystalli-

]DWLRQ� WHPSHUDWXUH� ), the rheogram showed a small 

bend before the curves went to a sigmoid increase of storage 

modulus ( ). This result strengthened that of isothermal 

DSC measurement (as shown in Figure 1) showing a two-

VWHS�FU\VWDOOL]DWLRQ�SURFHVV��0RUHRYHU��DOO�FXUYHV�JDYH�DERXW�

similar values of storage modulus ( ��IRU�DOO�FU\VWDOOL]D-

tion temperature/  at 11.36 kPa at the end of crystal-

OL]DWLRQ� SURFHVV��7KLV� LQGLFDWHG� WKDW� WKH� GLIIHUHQFH� RI� WKRVH�

FU\VWDOOL]DWLRQ�WHPSHUDWXUH�  did not affect the proper-

WLHV� RI� FU\VWDOOL]HG� V\VWHP��7RUR�9DVTXH]�et al. (2004) also 

pointed out that storage modulus ( ) can be associated 

ZLWK� WKUHH�GLPHQVLRQDO� RUJDQL]DWLRQ� RI� WKH� WULDF\OJO\FHUROV�

crystal network.

$Q�RYHUOD\�RI�WKH�SKDVH�VKLIW�DQJOH��/��DQG�FRPSOH[�PR�

dulus ( ) as a function of time for RBD palm oil at 

FU\VWDOOL]DWLRQ�WHPSHUDWXUH����oC is depicted in Figure 4. Phase 

VKLIW� DQJOH� �/�� LV� XVHG� WR�PHDVXUH� WKH� UHODWLYH� GHJUHH� RI� YLV-

coelasticity of a material. An ideally elastic material will have 

a phase angle of 0o and an ideally viscous material will have 

a phase angle of 90o, while a viscoelastic material will have 

a phase angle somewhere in between. Once triacylgly cerols 

DFKLHYH� WKH� ODPHOODU� RUJDQL]DWLRQ� WKDW� GHYHORS� D� QXFOHXV�� D�

GUDVWLF�GHFUHDVH�RI�SKDVH�VKLIW�DQJOH��/��ZLOO�IROORZ�WKH�SKDVH�

FKDQJH�IURP�OLTXLG�WR�VROLG��(YHQWXDOO\��WKH�SKDVH�VKLIW�DQJOH��/��

ZLOO�EHFRPH�]HUR�ZKHQ�WKH�V\VWHP�EHFRPHV�IXOO\�FU\VWDOOL]HG��

Moreover, the heat released during the crystal growth is shown 

DV�D�SHDN�LQ�WKH�/�UKHRJUDP��7RUR�9D]TXH]�et al., 2002).

Figure 4 showed a sharp decrease of phase shift angle 

from 88o (at the isothermal time of at about 4 minute) to a 

base line of 24o��,W�ZDV�K\SRWKHVL]HG�WKDW�PRVW�RI�WKH�OLTXLG�

PDWHULDO�FU\VWDOOL]HG�GXULQJ�WKLV�GHFUHDVH�RI�SKDVH�VKLIW�DQJOH�

from 88o to 24o. This result was in accordance with that of the 

DSC measurement (as shown in Figure 1) where the major 

FU\VWDOOL]DWLRQ� SURFHVV�ZDV� VKRZQ� E\� RQH�PDMRU� SHDN� DIWHU�

WKH� LVRWKHUPDO� FU\VWDOOL]DWLRQ� WLPH�RI� ��PLQXWH��7KH�GUDVWLF�

GHFUHDVH�RI�SKDVH�VKLIW�DQJOH��/��FRXOG�EH�UHODWHG�WR�WKH�IRUPD-

tion of  crystals which can be directly formed from the 

PHOW�DQG�WKURXJK�SRO\PRUSKLF�WUDQVLWLRQ�IURP�.�WR� . Af-

WHU�WKH�FU\VWDOOL]DWLRQ�SURFHVV�¿QLVKHG��WKH�SKDVH�VKLIW�DQJOH�

�/�� VWLOO� JUDGXDOO\� GHFUHDVHG� GXH� WR� RQJRLQJ� DJJUHJDWLRQ� RI�

crystals and further strengthening of the network.

)LJXUH�����3KDVH� VKLIW� DQJOH� �/�� DQG� FRPSOH[� PRGXOXV� � ) of 

LVRWKHUPDO�FU\VWDOOL]DWLRQ�5%'�SDOP�RLO�DW����oC

The complex modulus ( ) as a function of iso-

thermal time is also depicted in Figure 4. At the initial iso-

WKHUPDO�FU\VWDOOL]DWLRQ�WLPH��WKH�FRPSOH[�PRGXOXV��

) had a value of approximately 0.5 Pa which indicated the 

liquid behavior of the oil sample. Then, a sigmoid increase 

of the complex modulus ( ) was noticed after 4 min-

utes of the isothermal time. At this point onward, most of the 

OLTXLG� PDWHULDO� ZRXOG� FU\VWDOOL]H�� (YHQWXDOO\�� WKH� FRPSOH[�

modulus ( ) reached a plateau with the value of ap-

proximately 39 kPa. Kloek et al. (2000) stated that further 

VWUHQJWKHQLQJ�RI�WKH�QHWZRUN�WKURXJK�RQJRLQJ�FU\VWDOOL]DWLRQ�

or aggregation will cause a slightly increased trend of the 

complex modulus.

7KH�RYHUOD\�RI�SKDVH�VKLIW�DQJOH��/��DQG�FRPSOH[�PR�

dulus ( ) curves (as shown in Figure 4) gave a para-

meter on the intersection point, denoted as 

. The cross over point can be considered as the 

point at which the phase angle value is 45o and this implies that 

the value of viscous modulus and elastic modulus are equal (

 ). The value of  

UHÀHFWV�WKH�DPRXQW��VWUXFWXUH�DQG�VWUHQJWK�RI�WKH�FU\VWDO�QHW-

work formed at  ��)RU�LVRWKHUPDO�FU\VWDOOL]DWLRQ�

of RBD palm oil at 18oC, the  

had a value of 49.6 Pa at isothermal time 11.7 minute.

CONCLUSIONS

Both calorimetry (using isothermal DSC measurement) 

and rheometry (using oscillatory rheology measurement) can 

EH� XWLOL]HG� WR� HYDOXDWH� WKH� FU\VWDOOL]DWLRQ� EHKDYLRU� RI�5%'�

palm oil. The thermogram gave two peaks on the exothermic 

curves while the rheogram showed a sigmoidal curve in ad-

dition to a moderate bend at the beginning of the isothermal 

FU\VWDOOL]DWLRQ� WLPH�� %RWK�PHDVXUHPHQWV� VKRZHG� WKDW� 5%'�

SDOP�RLO�KDG�D�WZR�VWHS�FU\VWDOOL]DWLRQ�SURFHVV�DW�WKH�LVRWKHU-
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PDO�FU\VWDOOL]DWLRQ� WHPSHUDWXUHV�RI���� oC, 20 oC and 22 oC.  

The higher degree of supercooling assisted the medium-high 

melting triacylglycerols (i.e. POO and POL) to be present 

more in the solid phase in addition to the high melting triacyl-

glycerols (i.e. POP and PLP) giving a lower melting tempera-

WXUH��&U\VWDOOL]DWLRQ�RI�5%'�SDOP�RLO�DW�LVRWKHUPDO�WHPSHUD-

tures of 18 oC, 20 oC and 22 oC gave melting temperatures of 

33.52 oC, 34.72 oC and 36.44 oC, respectively.
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