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Abstract Phase behavior of palm oil (PO) in blends with
different concentrations (10% intervals) of palm-based
diacylglycerol oil (PO-DAG) was studied using the iso-
solid diagram, solid fat content (SFC) with the hardness
thermal protocol, DSC melting and crystallization curves,
X-ray diffraction curves, and texture analysis (hardness).
Minor eutectic effects were observed at around 20-50%
PO-DAG in 20-50% SFC iso-lines. The phase behavior
predicted by the iso-solid diagram as well as SFC with the
hardness thermal protocol did not account for hardness
variations observed between PO and PO blends with
1040% PO-DAG. Nevertheless, the latter could be
attributed to the corresponding DSC data as well as crystal
polymorphism. However, as the concentration of PO-DAG
increased from 40% to 100%, iso-line temperatures, SFC
with the hardness thermal protocol, and also hardness were
found to steadily increase. PO-DAG at 10% concentration
was found to have a [§'-stabilizing effect on the polymor-
phism of PO, while a ff-tending effect was observed as the
concentration of PO-DAG increased from 10% to 90%.
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Abbreviations

DAG Diacylglycerol

PO Palm oil

PO-DAG Palm oil-based diacylglycerol
TAG Triacylglycerol

SFC Solid fat content

DSC Differential scanning calorimetry
SPD Short path distillation

FAC Fatty acid composition
SAFA Saturated fatty acid

USAFA  Unsaturated fatty acid
Introduction

Diacylglycerols (DAGs) are esters of glycerol where two of
the hydroxyl groups are esterified with fatty acids. DAG is
naturally found as a minor component of different fats and
oils at levels up to 10% (w/w). DAG is also used in small
quantities in foods as an emulsifier [1, 2]. Recent studies
have indicated that DAG consumption in large amounts has
metabolic characteristics different from those of triacyl-
glycerol (TAG) and several advantageous effects on lipid
metabolism. Intake of DAG oil as compared with TAG oil
in animals and humans decreased postprandial TAG levels
in serum [3, 4] and suppressed body fat accumulation as
well as liver TAG levels [5], in spite of having comparable
energy value and digestibility to TAG [4]. Furthermore,
many animal and human studies have verified the safety of
DAG oil for human consumption when used in a similar
manner to other edible oils [6].
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DAG oils have been produced experimentally from
different sources of fat and oils, e.g., milk fat [7], palm oil
(PO) deodorizer distillates [8], soy bean oil deodorizer
distillates [9], palm olein [10], and lard [11]. Today, a
functional DAG cooking oil containing approximately 80%
DAG is commercially manufactured from soy bean and
canola oils and is marketed in Japan and the USA [1]. PO is
most important in terms of fat and oil production, con-
tributing 25% to the global output of 154 million tonnes. It
also accounts for 51% of trade (worldwide exports) in oils
and fats [12]. As such, it is timely to develop functional
palm-based fat products with beneficial health effects.

DAG oil is an expensive product due to the enzymatic
reaction and purification process required for its produc-
tion. Furthermore, it is noted that preferably more than
40% DAG oil is required in edible fat composition to
achieve its beneficial health effects [13]. Consequently,
utilization of palm-based DAG oil (PO-DAG) in blends
with the same source of oil, PO, seems to be a good
solution to minimize the purification step (skipping the
separation of DAG from TAG) and thereby lower the price.
Nevertheless, the complicated interactions occurring
among TAGs and DAGs as a function of different ratios of
PO and PO-DAG must first be understood to achieve
specific functional properties through blending.

Natural fat is a system containing a mixture of domains
(phases) in equilibrium. The occurrence of phase changes
and phase interactions is considered as the phase behavior.
Phase behavior can be characterized using iso-solid, liquid—
solid phase, and polymorphism phase diagrams. Phase
behavior characterized using the iso-solid diagram is of
particular importance in production process optimization,
product quality maintenance, and prediction of properties
such as mouthfeel and hardness which are important in fat
products. Furthermore, study of the phase behavior of fat
blends which have relatively more complex phases can also
lead to better understanding of the interactions occurring
among the blend ingredient phases [14]. Although several
studies have been conducted to investigate the effect of low
concentrations of DAG on the physical properties of fats
and oils [15, 16], very little information concerning the
effect of high concentrations of DAG on the physical
properties of fats and oils has been published so far [11, 17].

As mentioned, although the iso-solid diagram is able to
explain some aspects of intersolubility, it may not illustrate
polymorphism changes and/or predict hardness [18]. On
the other hand, the liquid-solid phase diagram obtained
through differential scanning calorimetry (DSC) can indi-
cate polymorphism and intersolubility variations. Never-
theless, these changes are not ascribable to intersolubility
and polymorphic effects if pure DSC data are used [14, 18].
Consequently, it is crucial to study the phase behavior
using various methods such as SFC, DSC, crystal
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polymorphism, and texture analysis. Based on this frame-
work, our objective is to study the phase behavior of PO in
blends with PO-DAG (from low to high concentrations)
using the various techniques mentioned above, and to
investigate the correlation between the phase behavior and
mechanical properties of this binary system.

Materials and Methods

Palm oil was provided by Sime Darby Sdn. Bhd. (Banting,
Selangor, Malaysia). Commercial immobilized lipase from
Candida antarctica (Novozyme 435) was purchased from
Novozymes A/S (Bagsvaerd, Denmark). All chemicals and
solvents used were of analytical and high-performance
liquid chromatography (HPLC) grade, respectively.

Production of DAG

Palm 0il-DAG synthesis was conducted in a 16-L packed-
bed bioreactor consisting of a 10-L reaction vessel and a
6-L filtration vessel. The immobilized enzyme, Novozyme
435 (10% of oil mass), was packed in the filtration vessel.
Glycerolysis reaction was conducted through stepwise
addition of glycerol where the mole ratio of glycerol to oil
was 1:1. PO (6 kg) and one-seventh of total mass of
glycerol were added to the reactor vessel and heated up to
65 °C while stirring using the impeller stirrer. After tem-
perature equilibration, the mixture of PO and glycerol was
passed through the packed enzyme column using a cen-
trifugal pump at flow rate of 850 mL/min. The rest of the
glycerol was added at the following times: 0.5, 1, 1.5, 2,
2.5, and 3 h, and the reaction was continued for 7 h. The
reaction mixture was then removed from the bottom of the
packed-bed vessel and stored at —18 °C for purification.

Purification of DAG

The reaction mixture comprised glycerol, free fatty acid
(FFA), monoacylglycerol (MAG), DAG, and TAG.
Therefore, purification of DAG was carried out in two steps
using short path distillation (SPD, KD6 system; UIC,
Alzenau-Hoerstein, Germany). Separation of glycerol,
FFA, and MAG from the reaction mixture was done in the
first step. The mixture of DAG and TAG collected from the
residue vessel was used for the second purification step,
where the DAG was segregated from the TAG and col-
lected from the distillate vessel. The following invariable
conditions were used for both purification steps: evaporator
vacuum, 0.001 mbar; feeding rate, 1.3 L/h; condenser
temperature, 85 °C; feeding tank temperature, 75 °C; roller
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speed, 280 rpm. The variable condition was evaporation
temperature of 200 and 250 °C, applied in the first and
second steps, respectively.

Blend Preparation

Palm 0il-DAG was melted at 70 °C and added to PO at
different concentrations of 0-100% (w/w) in 10% incre-
ments with final weight of 500 g. Each blend was prepared
in duplicate.

Fatty Acid Composition (FAC) Analysis

FAC was determined as fatty acid methyl esters (FAME). The
samples (0.05 g) were weighed and dissolved in 1 mL hex-
ane. The mixtures were then added with sodium methoxide
solution [0.2 mL NaOCHj3; (2 M) in anhydrous methanol] and
then mixed for 1 min using a vortex mixer. After sedimen-
tation of sodium glycerolate, 1 pL of the clear supernatant
was injected (using a PerkinElmer Auto System XL autoin-
jector) into a Supelco sp™™ 2340 fused silica capillary column
(60 m x 0.25 mm x 0.2 p) and analyzed using a Perkin-
Elmer auto system excel gas chromatograph (PerkinElmer
Auto System XL, USA), equipped with a flame ionization
detector (FID). Injection and detection temperatures were
250 °C. The oven temperature was programmed as follows:
heat from 130 to 170 °C (20 °C/min), heat from 170 to
230 °C (10 °C/min), hold at 230 °C for 10 min, heat from
230t0250 °C (30 °C/min), and hold for 1 minat 250 °C. The
carrier gas (nitrogen) flow rate was 50 mL/min. Peaks were
identified by comparing retention times with FAME stan-
dards and quantified using the peak area normalization
method. Determination was carried out in duplicate.

Acylglycerol Composition Analysis

The DAG composition was determined using a Shimadzu
HPLC (Shimadzu, Kyoto, Japan). The samples were dis-
solved in acetone at concentration of 5% (v/v). They were
then filtered through a 0.2-pm nylon membrane filter to
remove impurities. Samples (2 pL) were then injected into a
Shimadzu LC column (Shim-Pack XR-ODS II, Shimadzu,
Japan), a RP-CI8 column with 2.2 pm particle size
(150 mm x 2.0 mm) at oven temperature of 35 °C using a
Shimadzu ultrafast liquid chromatography (UFLC) 2010
(Kyoto, Japan) equipped with a Shimadzu autoinjector
(Kyoto, Japan) and Corona Plus detector (ESA, Chelmsford,
MA, USA) at gas pressure of 35 psi within the 500 pA
detection range. The following elution gradient was used for
each analysis: 0 min—10%A + 90%B, 15 min—I15%A +
85%B, 21 min—93%A + 7%B, 25 min—86%A + 14%B,

26 min—10%A + 90%B, 28 min—10%A + 90%B. Flow
rate of 0.5 mL/min for mobile phase with total run time of
28 min was employed. Chromatographic peaks were iden-
tified by comparison of peak time with elution times of
commercial and synthetic standards and quantified using the
peak area normalization method.

Dynamic DSC Analysis

Dynamic calorimetric analysis was performed using a
PerkinElmer Pyris 8000 DSC (PerkinElmer, Boston, MA).
The instrument was calibrated using indium. Samples
(6-10 mg) were sealed in the aluminum pan. The exotherm
was obtained by holding the samples for 10 min at 80 °C
followed by cooling to —50 °C at 5 °C/min. To obtain
endotherms, the samples were held at —50 °C for 10 min
and then heated to 80 °C at 5 °C/min. Crystallization onset
was determined using PerkinElmer software as the first
deviation from the baseline in exotherms. For each blend,
analysis was conducted in duplicate.

Solid Fat Content (SFC) Analysis
for Construction of Iso-solid Diagram

The SFC of the samples was measured by pulsed nuclear
magnetic resonance (pNMR) using an NMS 120 Minispec
NMR analyzer (Bruker Rheinstetten, Germany). The non-
stabilized procedure was used according to PORIM test
methods [19]. The samples (3—4 mg) were poured into the
NMR tubes and were tempered in a water bath at 70 °C for
30 min. Afterwards, the NMR tubes were cooled and held
at 0 °C for 90 min. SFC was determined at temperatures
ranging from 5 to 45 °C (at 5 °C intervals) by equilibrating
the NMR tubes at these temperatures for 30 min before
measurement. Determinations were conducted in duplicate.
To construct iso-solid diagram, SFC values obtained for the
PO blends with 0-100% PO-DAG were plotted against
temperature in the range 0-50 °C at 5 °C intervals. Equa-
tions describing curves of SFC value versus temperature
were then obtained using Data fit software version 9.0 trial
(Oakdale Engineering, Oakdale, PA 15071, USA) for all
blends. Then, the temperatures at SFC values of 5-50%
(in 5% intervals) were calculated using the equations
obtained by the software for each of the blends, and these
temperatures were used to plot the iso-solid diagram [14].

Analysis of SFC with the Hardness Thermal Protocol

The samples contained in the NMR tubes were melted and
equilibrated at 80 °C for 5 min. They were then
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immediately cooled to —18 °C and equilibrated for 1 h.
Afterwards, NMR tubes were stored at 25 °C for 24 h. The
isothermal SFC was then measured. Determinations were
done in duplicate.

Crystal Polymorphism

The samples were melted and equilibrated at 80 °C for
5 min. They were then immediately cooled to —18 °C and
equilibrated for 1 h. Afterwards, the samples were stored at
25 °C for 24 h. The fat crystal polymorphism of samples
was determined by X-ray diffractometer (Rint Series,
Rigaku, Japan). ff'-Polymorph was characterized by two
short spacings at 3.8 and 4.2 A, while p-form was char-
acterized by short spacing at 4.6 A [20].

Hardness

The samples were melted and equilibrated at 80 °C for
5 min. They were then immediately cooled to —18 °C and
equilibrated for 1 h. Afterwards, the samples were stored at
25 °C for 24 h. Hardness was measured using a TA-TX2
texture analyzer (Stable Micro Systems Ltd., Godalming,
UK). A flat-ended cylindrical needle 5-mm plunger probe
attached to a 5 kg compression load cell was used to
penetrate the samples at 1.0 mm/s to depth of 12 mm from
the sample surface, and withdrawn at the same speed. The
maximum force (g) during the first compression was
reported as the hardness. Analysis was conducted in
duplicate.

Results and Discussion
Acylglycerol and Fatty Acid Compositions

Acylglycerol and fatty acid composition of PO and PO-
DAG are shown in Table 1. PO was found to have origi-
nally 9.02% DAG, which was slightly different from the
DAG concentration range of 4.5-7% reported previously
[16]. Enzymatic glycerolysis followed by purification of
the reaction mixture using SPD increased the concentration
of PO-DAG from 9.02% to 90.02%. The isomer ratio of
1,3- to 1,2-DAG for PO-DAG was observed to be 7:4.29.
In general, 1,3- and 1,2-DAG isomers undergo acyl
migration to equilibrate at ratio of 6-7:3—4 [1]. Comparison
of the FAC of PO and PO-DAG showed that the enzymatic
glycerolysis and purification process of PO did not con-
siderably alter the FAC, showing palmitic and oleic acids
(as the main FAs), and total saturated (SAFA) and unsat-
urated fatty acids (USAFA) of 44.7%, 38.6%, 50.5%, and
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Table 1 Acylglycerol and fatty acid composition (FAC) of palm oil
(PO) and palm-based diacylglycerol oil (PO-DAG)

PO PO-DAG
Acylglycerol compositions (%)
TAG* 90.98 5.60
MAG® 0.0 4.39
DAG 9.02 90.02
1,3-DAG/1,2-DAG - 7/4.29
FAC (%)
C12:0 0.2 £ 0.02 0.5 £ 0.02
C14:0 1.1 +£0.01 1.2 £ 0.01
C16:0 44.7 £ 0.03 45.6 = 0.03
Cleé:1 0.3 £ 0.02 0.2 £0.02
C18:0 4.1 +£0.01 4.3 £ 0.01
C18:1 38.6 = 0.04 38.4 £+ 0.04
C18:2 10.3 £ 0.01 9.2 +£0.01
C20:0 0.3 £ 0.01 0.3 £ 0.01
C18:3 0.4 £+ 0.00 0.3 £ 0.00
SAFA° 50.5 + 0.06 51.8 £ 0.06
USAFA 49.5 &+ 0.06 48.2 & 0.06

All measurements conducted using peak area normalization
 Triacylglycerol

® Monoacylglycerol

¢ Saturated fatty acid

4 Unsaturated fatty acid

49.5% for PO as compared with 45.6%, 38.4%, 51.8%, and
48.2% for PO-DAG, respectively.

Iso-solid Diagram

Phase behavior can be explained in terms of solution
behavior using the iso-solid diagram. Figure 1 shows an
iso-solid diagram constructed using SFC data. Each iso-
solid line connects those points with the same SFC value.
The topmost line is the 5% SFC line, and subsequent lines
increase in 5% increments to 50%. A noticeable increment
in temperature was found for all iso-solid lines with pres-
ence of 10% PO-DAG as compared with PO. A general
increasing trend was observed in 5% and 10% iso-lines
with increasing concentration of PO-DAG from 0% to
100%, while minor temperature decrements were found at
around 20-50% PO-DAG for 20-50% iso-lines. The latter
was more evident in 45% and 50% iso-lines at 20-30%
PO-DAG. This indicated the occurrence of a minor eutectic
effect at the SFC range of 20-50%, at the mentioned
concentrations of PO-DAG. Since PO and PO-DAG were
found to have similar FAC, the minor eutectic effect
observed could be due to the different acylglycerol struc-
tures rather than different FAC. As the concentration of
PO-DAG increased from 50% to 100%, it could be noticed
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Fig. 1 Iso-solid lines spaced in 5% solid fat content (SFC) intervals
from 5% SFC (top curve) to 50% SFC (bottom curve)

that the temperatures of 5-45% SFC iso-lines steadily
increased (Fig. 1).

Hardness

The variations of hardness as a function of different con-
centrations of PO-DAG in blends with PO are shown in
Fig. 2a. A general decreasing trend in hardness was
observed as the concentration of PO-DAG increased from
0% to 40%, while addition of 50-100% of PO-DAG
steadily increased the hardness. The latter is in agreement
with the increasing trends observed in the temperature
range of 5-45% iso-lines as the concentration of PO-DAG
increased from 50% to 100% (Fig. 1). Also, the lower
hardness observed for the PO blend with 40% as compared
with 10-20% PO-DAG is due to the minor eutectic effect
observed for the former in 25-45% SFC iso-lines. On the
other hand, the PO blend containing 10-40% PO-DAG as
compared with PO was observed to have lower hardness
(especially with 30-40% of PO-DAG, Fig. 2a) despite
having 5-40% SFC iso-lines with relatively higher tem-
perature (Fig. 1). It has been reported that SFC data are not
the only factor that determines hardness [18, 21, 22].
Firmness or solid-like behavior of fats, in particular, is
influenced by the amount of SFC, type of crystals (size and
polymorphic form), and interaction among the crystals
leading to the formation of fat crystal network [23, 24].
Unlike TAG, which can have three typical crystal struc-
tures (o, f/, and f), 1,2-DAG as an asymmetrical DAG
exhibits only «- and f'-forms and 1,3-DAG as a symmet-
rical DAG exhibits only two types of f-form: 1 and the
more unstable 2. Furthermore, for 1,3-DAG, as its polar
group is present in the center of the molecule, the resulting
bilayer forms a V-shaped conformation, while 1,2-DAG
has a hairpin-shaped conformation [25]. Therefore, the
presence of different concentrations of 1,3- and 1,2-DAG

in blends with TAG might also lead to different interac-
tions among DAG and TAG crystals. Consequently, this
event results in different crystalline packing and thereby
different hardness of the crystal networks. Furthermore, as
suggested by Saberi et al. [17], different concentrations of
PO-DAG have also pronounced effects on the nucleation
and crystal growth rate of palm oil, leading to different
growth behaviors of the fat crystal network.

Figure 2b shows the SFC data for the blends obtained
following the hardness thermal protocol. Comparison of
Fig. 2a and b also shows that the SFC trend for these
specific conditions did not correlate with the respective
hardness variations within the concentration range of
0-40% PO-DAG. Nevertheless, both parameters were
observed to increase steadily as the concentration of PO-
DAG increased from 40% to 100%. Also, PO-DAG was
found to have extremely higher hardness as compared with
PO. This could be due to the ease of fatty acid chain
arrangement of the DAG molecules and the strength of the
respective hydrogen bonds formed among the free hydro-
xyl groups [25], giving rise to higher crystalline packing in
the PO-DAG crystal network as compared with the PO
crystal network.

DSC Thermogram

Crystallization and melting thermograms of PO and its
blends with different concentrations of PO-DAG (0-100%
at 10% intervals) are shown in Fig. 3a and b, respectively.
The DSC cooling thermogram of PO showed two peaks,
representing high- and low-melting fractions. Addition of
1040% PO-DAG increased the respective crystallization
onsets as compared with PO (Fig. 4a). As the concentra-
tion of PO-DAG increased from 30% to 100%, it could be
noticed that a new exotherm appeared in the higher
melting regions. Appearance of new exothermic peaks in
the higher temperature region is indicative of crystallizing
out of PO-DAG at the higher temperature region, and also
the simultaneous intensity reduction of high-melting
fraction of PO suggested co-crystallization as well as in-
tersolubility of PO-DAG (30% and above) with the high-
melting TAGs of PO. Furthermore, crystallization onset
was found to steadily increase as PO-DAG increased from
50% to 100% (Fig. 4a). This event indicated the pro-
moting effect of 30% PO-DAG and above on crystalli-
zation properties of PO. Addition of 10-20% PO-DAG
decreased the intensity of high-melting endotherm of PO
(Fig. 3b). Although the latter decreased in the presence of
30-100% PO-DAG, new peaks appeared at higher melting
regions. This new endotherm not only increased in
intensity, but also shifted to the higher temperature
regions as the concentration of PO-DAG increased from
30% to 100%.
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Fig. 3 Crystallization (a) and melting (b) thermograms of palm oil

(PO) and PO with 10-100% of palm-based diacylglycerol oil (PO-
DAG) at 10% intervals
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(despite having lower SFC with the hardness thermal pro-
tocol) as compared with PO could also be related to the
different thermal transitions of the enthalpy curves. These
results were further evidenced by the different heats of
crystallization (Fig. 4b) and fusion (Fig. 4c) of the blends
with 10-40% PO-DAG. Furthermore, the PO blend con-
taining 40% PO-DAG as compared with the other blends was
found to have the lowest heats of crystallization (Fig. 4b) and
fusion (Fig. 4c), accounting for the lowest hardness
observed for the PO blend with 40% PO-DAG (Fig. 2a).

Polymorphism

Phase variations caused by polymorphism changes among
PO and PO blends with various concentrations of PO-DAG
are shown as X-ray diffraction curves versus short spacings
(d) in Fig. 5 and as short spacings with their visually esti-
mated intensities in Table 2. f’-Polymorph is usually char-
acterized by two strong spacings at 3.8 and 4.2 A, while
p-form has one strong spacing at 4.6 Aand usually a weaker
spacing at 3.8 A. Addition of 10% PO-DAG was observed to
have a [¥'-stabilizing effect on PO. Similar results were
reported by Okiy et al. [26] where 10% and 15% DAG
(isolated from PO) stabilized p'-form of PO triglyceride.
Also, minor amount of DAG (1,2- with a greater extent than
1,3-DAG) showed a strong inhibitory effect on ' — f8
transition in hydrogenated rapeseed oil with low content of
erucic acid [27]. Furthermore, increase in the concentration
of PO-DAG from 10% to 90% PO-DAG steadily increased
f-polymorph in the corresponding blends, and blends
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Fig. 4 Crystallization onset (a), and enthalpies of crystallization
(AH.) (b) and melting (AHy) (c¢) versus concentration of palm-based
diacylglycerol oil (PO-DAG)

containing 70-90% PO-DAG were observed to have only
p-form. Nevertheless, PO-DAG was found to have f-form
with relatively lower amount of f’-polymorph (Table 2).
Based on the polymorphic forms of 1,3- and 1,2-DAG
mentioned above, the relatively higher amount of fS-poly-
morph compared with f'-form for PO-DAG could be
attributed to the relatively higher concentration of 1,3-DAG
compared with 1,2-DAG, where the ratio of 1,3-DAG to 1,2-
DAG was found to be 7:4.29 (Table 1).

The polymorphic data (Table 2) along with the respec-
tive X-ray diffraction curves (Fig. 5) could also assist in
illustrating the variations of hardness shown in Fig. 2a.
X-ray diffraction curves were classified into the catego-
ries A, B, C, D, E, and F based on the position (Table 2)
and shape (Fig. 5) of the peaks. The differences observed
in X-ray diffraction classifications of PO blend including
1040% PO-DAG (B, C, C, and D, respectively) as com-
pared with PO (A, Table 2) could be attributed to the
respective lower hardness, though the former showed SFC
iso-lines in higher temperature regions. Also, as the con-

Fig. 5 X-ray diffraction curve versus d for palm oil (PO) and PO »
with 10-100% of palm-based diacylglycerol oil (PO-DAG) in 10% A S

intervals. The topmost curve is for PO, and the bottommost curve is 8.84 5.9 4.44 3.56 2.98
for PO-DAG d-Scale(A)
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Table 2 Short spacings and polymorphism classification of palm oil (PO) in blends with palm-based diacylglycerol oil (PO-DAG)

PO-DAG (%) Form Short spacing™® Classification®
0 p+p - 3.88 (s) - 4.2 (m) 4.53 (m) 4.6 (m) A
10 B - 3.85 (s) - 42 (s) - - B
20 B+ B - 3.87 (s) - 42 (s) - 4.64 (s) C
30 B+ B - 38 (s) - 42 (s) - 4.64 (s) C
40 B> p - 3.84 (w) 3.94 (w) 42 (w) - 4.64 (v.s.) D
50 B> p - 3.82 () 391 (w) 42 (W) - 463 (vs) D
60 p=>p - 3.82 (w) 391 (w) 4.24 (v.w.) - 4.61 (v.s.) D
70 B - 3.81 (m) 3.92 (s) - 4.53 (m) 4.65 (v.s.) E
80 B 3.72 (m) 3.78 (m) 3.92 (s) - 4.52 (s) 4.65 (v.s.) E
90 I 3.72 (m) 3.81 (W) 3.91 (s) - 4.53 (m) 4.65 (v.s.) E
100 B> f 3.7 (m) 378 (m) 3.93 (s) 4.18 (m) 452 (s) 4.65 (v.s.) F

4 Peak intensities are indicated as v.s. very strong, s strong, m medium, w weak, v.w. very weak

® Predominant short spacings of f8/, 4.2 and 3.8 A; 8, 4.6 A

¢ Classification of X-ray diffraction curves was conducted based on positions (as seen in this Table) and shapes (as seen in Fig. 5) of the peaks

centration of PO-DAG increased from 40% to 50%, their
polymorphic characters changed from type C to D, which
was reflected in the respective hardness (Fig. 2a).

Conclusions

Different concentrations of PO-DAG were observed to
have different effects on dynamic SFC, SFC with the
hardness thermal protocol, polymorphism, melting and
crystallization properties, and hardness of PO. The f'-sta-
bilizing effect of 10% PO-DAG can be considered to be of
technical interest, and it might thus be used as a [3'-stabi-
lizing agent in palm-based products. PO-DAG was found
to have a strong f-tending effect on the polymorphism of
PO, especially for concentrations at which PO-DAG is able
to contribute beneficial health effects (>40%). The iso-
solid diagram constructed using SFC data was found to be
unable alone to entirely illustrate hardness variations
observed for PO and PO blends with different concentra-
tions of PO-DAG. However, the latter could be explained
through the use of polymorphic as well as melting and
crystallization behaviors.
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