
ABSTRACT: A transesterified experimental solid frying shorten-
ing was prepared from a palm stearin/palm kernel olein blend at
1:1 ratio (by weight) by using Rhizomucor miehei lipase at 60°C
for 6 h. The fatty acid (FA) and triacylglycerol compositions, poly-
morphic forms, melting and cooling characteristics, slip melting
point (SMP), and solid fat content (SFC) of the transesterified
blend were then compared with five commercial solid frying
shortenings (three domestic and two imported) found in Malaysia.
All the domestic shortenings contained nonhydrogenated palm
oil or palm olein and palm stearin as the hard stock, whereas the
imported frying shortenings were formulated from soybean oil
and cottonseed oil and contained high levels of β′ crystals. Trans
FA were also found in these samples. The lipase-transesterified
blend was found to be more β′-tending than the domestic sam-
ples. The SMP of the transesterified blend (47.0°C) fell within the
range of the domestic samples (37.8–49.7°C) but was higher than
the imported ones (42.3–43.0°C). All samples exhibited similar
differential scanning calorimetry cooling profiles, with a narrow
peak at the higher temperatures and a broad peak at the lower
temperatures, even though their heating thermograms were quite
different. Imported samples had flatter SFC curves than both the
experimental and domestic samples. The domestic samples were
found to have better workability or plasticity at higher tempera-
tures than the imported ones, probably because they were formu-
lated for a tropical climate. 
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Frying shortenings function as a heat transfer medium during
deep-fat frying and also react with components in foods to de-
velop unique, savory flavors and odors. They may be clear or
opaque, liquid or fluid (semisolid), or solid at room tempera-
ture. Solid frying shortenings are normally produced through
simple blending of a hard stock with one or more types of liq-
uid oils (1–3). The hard stock can be obtained from the hy-
drogenation of liquid oil such as canola, soybean, and sun-
flower oil. Hydrogenated fats consist in part of trans fatty
acids (FA), which may be related to several health problems
including thrombogenesis, which leads to coronary heart dis-

ease (4,5). Thus, there has been great interest in producing
healthier fat products that will simulate hydrogenated fat
products but contain zero trans FA.

Palm stearin (PS), the solid fraction of palm oil, is a fully
natural hard component. PS consists of a high level of
palmitic acid (47–74%) and stearic acid (16–37%) (6). Al-
though PS basically lacks the ability to impart plasticity and
body to the end products, it is a good source of hard stock to
produce zero-trans fat products. By simply blending the de-
sired PS and liquid oil, one can produce products with desir-
able organoleptic attributes. However, physical blending
tends to cause the formation of coarse β crystals (7). 

One of the most appropriate fat modification methods is
transesterification, which involves the FA rearrangement of fat
and oil mixtures and leads to changes in both chemical and
physical properties of the blends. However, chemical transes-
terification is the preferred method in industry. Unfortunately,
this process is usually carried out at high temperature (>100°C)
which may lead to deterioration of the finished products (8,9).
Hence, a nitrogen blanket may be needed to prevent oxidation
of the fat. On the other hand, in enzymatic transesterification,
the lipases perform catalysis under mild conditions and may
also be more specific in their reactions (10,11). For example,
Rhizomucor miehei lipase reacts well at 60°C and causes desir-
able chemical and physical changes in the fat mixtures (10–14).
No nitrogen blanket is needed, no deleterious side reactions
occur, and no trans FA are formed during the reaction (15,16).
Furthermore, enzymatically transesterified fat products are re-
ported to have better nutritional quality than chemical ones
with respect to serum cholesterol level (17).

In this study, three domestic and two imported solid frying
shortenings available in Malaysia were evaluated for their
physical and chemical properties. Among the major fat and
oil manufacturers, only a limited number produce solid fry-
ing shortenings, which are used mainly for local fast-food
outlets and the export market. Cooking oil, not solid frying
shortening, is the more common frying medium used in the
household. Thus, domestic solid frying shortenings were not
available in any of our local retail outlets during our market
survey. Solid baking shortenings are more easily available in
the local market. Only two imported solid frying shortenings
are available in major supermarket outlets in Malaysia.
Therefore, the five samples used in this work may represent
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the solid frying shortening market available in Malaysia. PS
and a palm kernel olein (PKO) blend were enzymatically
transesterified using a commercial 1,3-specific lipase
(Lipozyme IM60; NovoNordisk, Bagsvaerd, Denmark) to
produce an experimental shortening that had properties simi-
lar to commercial ones. The physical and chemical properties
of these commercial and experimental solid frying shorten-
ings were then compared. 

MATERIALS AND METHODS

Materials. Three domestic solid frying shortenings, Samples
A, B and C, were obtained directly from local manufacturers,
whereas the two imported frying shortenings, Samples D and
E, were purchased from a local supermarket in Kuala
Lumpur, Malaysia. Samples D and E originated from Canada
and United States, respectively. Refined, bleached, and de-
odorized (RBD) PKO [slip melting point (SMP) 23.4°C] and
RBD PS (SMP 54.4°C) were donated by Cargill Specialty
Oils and Fats Pte. Ltd., Port Klang, Malaysia, and purchased
from Ngo Chew Hong Oils and Fats Pte. Ltd., Semenyih,
Malaysia, respectively. A commercial immobilized R. miehei
lipase (Lipozyme IM60), obtained from Novo Nordisk Indus-
tries, was used as the biocatalyst in the transesterification re-
action. The moisture content of the enzyme was ca. 2.5%
w/w. All chemicals used were of either analytical or high-
performance liquid chromatography (HPLC) grade. 

Transesterification. PS was melted at 60°C in an oven
prior to use. A mixture of PKO and PS (20 g) at a ratio of 1:1
w/w was prepared in a 500-mL Erlenmeyer flask. The mix-
ture was reacted with 1.0% w/w of Lipozyme IM60 lipase and
shaken at 200 rpm in a 60°C incubator. The reaction was
stopped after 6 h by filtering out the enzyme, by means of a
Whatman filter paper #4 (10–13). Similar procedures were
done for the control, with the enzyme omitted. 

Removal of free fatty acid (FFA). FFA were removed from
the transesterified blend according to the method of Long et
al. (18). The melted transesterified blend was placed in a 250-
mL Erlenmeyer flask, and 20 mL of acetone/ethanol (1:1
vol/vol) was added. The mixture was shaken slowly to dis-
solve the sample and titrated with 0.1 N NaOH to a phenol-
phthalein end point. The titrated sample was diluted with 5
mL hot water (about 80°C) and transferred into a 100-mL
separating funnel. After shaking and standing for several min-
utes, the bottom layer (aqueous phase) containing the FFA
was discarded. The oil-containing top layer was transferred
into a McCartney bottle and dried overnight at 80°C in a vac-
uum oven. The absence of FFA was confirmed by thin-layer
chromatography with a solvent system of petroleum ether, di-
ethyl ether, and formic acid (210:90:0.4 by vol) and viewed
in iodine vapor. 

Extraction of high-melting glycerides (HMG). HMG were
prepared according to the method of D’Souza et al. (19). Each
sample (commercial shortenings and experimental blend) was
melted in an oven at 60°C and dissolved in acetone (1:20
wt/vol). The solution was left overnight to crystallize at

10 ± 1°C in a refrigerator. The fat crystals were filtered on a
sintered glass filter through a 0.45-µm nylon filter. Subse-
quently, the solvent residue was removed from the crystals by
drying at 30°C in a vacuum oven. Duplicate runs were car-
ried out for the HMG extraction. 

FA composition. The shortenings and their HMG fractions
were melted completely at 60°C in an oven and filtered using
a Whatman filter paper #4. A total of 50 mg of each sample
was then weighed in a 2-mL screw-capped vial, and 1 mL of
hexane and 0.05 mL of 30% sodium methoxide methanolic
solution were added. The mixture was vortexed and left to
stand for 5 min at room temperature (20). From the clear
upper ester-containing layer, 0.3 µL was injected into a gas
chromatograph (model GC-17A; Shimadzu Corporation,
Kyoto, Japan) equipped with a flame-ionization detector. The
column used was a polar capillary column model BPX70
(0.32 mm internal diameter, 30 m length, 0.25 µm film thick-
ness; SGE Australia Pty. Ltd., Ringwood, Australia). The de-
tector and injector temperatures were 240°C. The oven tem-
perature, initially at 115°C, was increased to 180°C at a rate
of 8°C/min. The carrier gas (helium) flow rate was 50
mL/min.

Triglyceride (TG) composition. The TG compositions of the
shortenings and their HMG fractions were determined using
HPLC as described by Ghazali et al. (11). The sample was
dissolved in chloroform (5% wt/vol), and 10 µL of the sam-
ple was autoinjected (Shimadzu SIL-10 AD) into the HPLC
system (Shimadzu LC-10 AD liquid chromatograph and RID-
6A Shimadzu refractive index detector). The average particle
size of the column was 5 µm, and a mixture of acetone and
acetonitrile (63.5:36.5 vol/vol) was used for the mobile phase.
The flow rate was 1 mL/min, and the oven temperature was
set at 30°C.

Polymorphic form. X-ray diffraction analysis was used to
determine the polymorphic forms of the fat crystals in the
shortenings, as described in AOCS method Cj 2-95 (21). The
camera was an Enraf Nonius Model FR592 (Delft, The
Netherlands). The samples were analyzed using a compart-
ment cell with a temperature-controlled holder. Kodak scien-
tific imaging film (Eastman Kodak Co., Rochester, NY) was
used, and the spacing on the X-ray was measured with an
Enraf Nonius Guinier viewer. The instrument was fitted with
a fine-focus copper X-ray tube. The sample holders were flat
stainless-steel plates with a rectangular hole. 

Melting and cooling characteristics and SMP. A differen-
tial scanning calorimeter (DSC), model PerkinElmer DSC-7
(Norwalk, CT), was used to measure the melting and crystal-
lization temperatures of the samples. The samples were first
melted in the DSC pans at 80°C and held for 15 min before
cooling to −40°C at a rate of 10°C/min. The samples were
then held for another 15 min before heating from −40°C to
80°C at a heating rate of 5°C/min. Endothermic and exother-
mic peak temperatures were then designated as the melting
and crystallization temperatures, respectively. SMP of the
samples were determined as described in AOCS method Cc
3-25 (21). 
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Solid fat content (SFC). The solid content of the shorten-
ings at temperatures ranging from 5 to 50°C, at 5°C intervals,
were recorded by using a Bruker Minispec pNMR Analyzer
Model no.120 (Rheinstetten, Germany). This was done ac-
cording to PORIM method p4.9 (22).

RESULTS AND DISCUSSION 

FA and TG compositions. The FA compositions of the solid
frying shortenings and the experimental PS/PKO blend, as
well as their respective HMG, are shown in Table 1. Both of
the imported frying shortenings (Samples D and E) contained
more unsaturated FA (about 67%) than Samples A, B, and C
(about 45%). Judging from the 18:1t content, Samples D and
E contained some hydrogenated fats. Trans FA were not
found in Samples A, B, and C. In both Samples D and E, the
majority of trans FA were monoene (18:1). The liquid oil of
Samples A, B, and C, was most likely to be palm oil or palm
olein, based on their high 16:0 (palmitic acid content). The
level of 16:0 in palm oil is 38.0% (23), while other oils have
lower levels of 16:0. Since Samples A, B, and C did not con-
tain any hydrogenated fat, the hard stock of the shortenings
was most likely PS. By assuming that (i) PS contains 60.5%
of 16:0 (24), (ii) palm olein contains 38.0% of 16:0 (23), and
that no other oil is added to the formulations, back calcula-
tion shows that Samples A, B, and C contained about 53%
PS; hence, the experimental shortening was produced by in-
corporating PKO with 50% (by weight) PS. 

On the other hand, Samples D and E were made from soy-
bean oil as stated on the labels. The presence of trans 18:1 in-
dicated the use of hydrogenated soybean oil as hard stock.
Cottonseed oil was another constituent. Its addition greatly
increased the content of 16:0 FA in the two shortenings be-
cause cottonseed oil contains higher levels (21.6%) of 16:0
FA than soybean oil (10.6%) (23). Cottonseed oil is added to
increase the diversity of FA chain lengths and thereby

delay/prevent the formation of β crystals (25). Sample E con-
tained more trans FA, and less 18:2 and 18:3 (linoleic and
linolenic acids, respectively) FA than Sample D, indicating
that its degree of hydrogenation was higher. Unlike the do-
mestic samples, 12:0 (lauric acid) was the main FA in the ex-
perimental shortening and this was contributed by PKO.

For all the commercial samples, the 16:0 FA levels in HMG
were higher than in their respective original fats (samples be-
fore extraction). The main FA remaining in Samples A, B, and
C was 16:0 (>80%). The 18:0 levels in HMG of the domestic
samples decreased somewhat compared to the original sam-
ples. This was probably due to the removal of oleic acid-con-
taining TG with lower melting points, such as POL and POO
(P, palmitic; O, oleic; L, linoleic), during the extraction. HMG
of Samples D and E contained mainly 16:0, 18:0, 18:1, and
18:1t. The ratio of 18:1t to 18:1c in the HMG of Samples D and
E was higher than in their original samples because of the
higher melting points of trans FA than their cis counterparts
(26). Levels of 18:0 FA in HMG of Samples D and E increased
compared to the original samples. 

For both the transesterified PS/PKO blend and its control
(untransesterified), the level of 12:0 decreased, whereas 16:0
increased in the HMG fraction. This is mainly due to the re-
moval of TG containing 12:0 FA, which is mostly present in
the TG with lower melting points during the extractions.
Transesterification did not much alter the composition of 12:0
and 16:0 in the blend, but it increased the level of 12:0 and
reduced the 16:0 level in the HMG compared to the control. 

Table 2 shows the TG composition of the frying shorten-
ings by carbon number, as well as that of their HMG frac-
tions. High levels of C50 TG and low levels of C54 TG in the
original samples confirmed that Samples A, B, and C con-
tained palm oil or palm olein (27). The level of C48 TG,
mainly consisting of tripalmitin (PPP), increased greatly in
the HMG fractions of these samples. The reverse was true for
C52 TG. Since Samples D and E consisted mainly of C16 and
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TABLE 1 
Fatty Acid Compositiona (% peak area) of the Experimental and Commercial Solid Frying Shortenings
and Their High-Melting Glyceride (HMG) Fraction 

Fatty acid 8:0 10:0 12:0 14:0 16:0 18:0 18:1c,i 18:1t 18:2c,c 18:2ct,tc 18:2t,t 18:3

Sample
A — — 0.59 1.95 49.28 3.78 37.57 — 6.82 — — —
B — — 0.42 1.92 49.55 4.49 37.60 — 6.01 — — —
C — — 2.51 2.55 46.49 3.33 38.53 — 6.58 — — —
D — — — 0.47 22.34 10.36 29.65 9.57 23.75 0.69 1.03 2.12
E — — — Trace 24.13 8.95 31.46 12.25 17.19 4.17 1.84 Trace

Transesterified blend 3.71 3.75 41.40 10.10 27.93 2.11 8.65 — 2.35 — — —
Control 4.04 4.09 43.23 10.59 27.87 1.07 7.63 — 1.48 — — —
HMG
A — — 0.19 2.10 80.16 3.49 11.79 — 2.25 — — —
B — — Trace 2.46 84.69 3.02 8.21 — 1.46 — —
C — — 1.20 3.42 82.55 2.90 8.31 — 1.51 — — —
D — — — 1.04 40.05 29.88 9.32 13.62 5.85 Trace Trace 0.32
E — — — 1.65 42.10 33.60 8.03 12.81 2.47 — — Trace

Transesterified blend Trace 0.98 14.58 8.01 72.48 2.04 2.42 — Trace — — —
Control Trace Trace 9.51 6.05 79.73 2.07 2.66 — Trace — — —
ac = cis; t = trans; and i = positional and geometrical isomers not identified. 
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C18 FA, it can be concluded that the C48 TG in the HMG con-
sisted mainly of PPP, which was derived from cottonseed oil.
Levels of C54 TG in both samples were slightly higher in the
original fats than their HMG. 

The blending of PS and PKO in the transesterified blend
gave a fat mixture that is composed of almost all TG species
that can be found in palm oil fruit. The TG types ranged from
C28 to C54. A high diversity of TG and FA is important in fat
products, particularly in the production of margarines and
shortenings. The concentrations of TG with carbon numbers
ranging between C40 and C46 in the transesterified blend in-
creased, and TG with higher (C48, C50) and lower (C32 to C38)
carbon numbers decreased compared to the control. Thus, the
net change of TG was due to the rearrangement of the FA
from the lower- and higher-melting TG to form more TG that
had melting points in between. Some TG were also hy-
drolyzed to form mono- and diglycerides and FFA. Most of
the TG with carbon numbers below C46 in both blends were
removed during the extraction of the HMG fraction. The two
main TG that remained were C48 and C50, which consisted
mainly of PPP and POP, respectively. The levels of these TG
(C48 and C50 TG) were lower in the HMG fraction of the
transesterified blend than the control, as some have been hy-
drolyzed or transformed into low-carbon-number TG. 

Polymorphic forms. The short spacings of the β′ form are
at 4.2 and 3.8 Å, and that of the β form is at 4.6 Å (28). Lev-
els of β and β′ crystals in mixtures are estimated by the rela-
tive intensity of the short spacings at 4.2 and 4.6 Å. The poly-
morphic forms of the samples are shown in Table 3. Sample
B was found to contain only β crystals. Samples A and C con-
tained mixtures of β′ and β crystals, with the β form predom-
inating; Samples D and E also contained mixtures of β and β′
crystals, but with the β′ crystals predominating. This ex-
plained why, by visual inspection, the imported samples had
a smoother surface than the domestic ones.

The levels of C48 and C54 TG in the HMG of domestic
shortenings ranged between 27.3 and 43.4 % and between 4.2
and 4.9%, respectively, whereas the levels of C50 TG, which
mainly contained POP, were high, ranging between 38.1 and
51.6%. POP is a β-tending TG (29). The relatively high level
of C48 and C50 TG in the domestic shortenings explained their
tendency for β crystallinity. In the HMG of Samples D and E,
the C54 TG consisted mainly of 18:0 and 18:1t FA. The 18:1t
FA in the TG molecule were polymorphically similar to 18:0
FA. TG containing 18:0 and 18:1t are very β-tending. There-
fore, Samples D and E had both β′ and β forms. 

For the transesterified and control blends, incorporation of
PKO into PS increased the diversity of TG and FA pools in
the mixture and thus altered the crystal forms of PS, which
were primarily of β crystals with a small percentage of β′, to
a much more β′-tending fat. HMG of the transesterified fat
exhibited more β′ crystals than the control. High levels of C48
and C50 TG in HMG of the control blend were responsible for
the formation of more β crystals. D’Souza et al. (25) reported
that HMG of margarines that consisted of high levels (>50%)
of C48 or C54 TG were normally in the β form. This is because
the C48 TG (3 × 16-carbon number FA) and C54 TG (3 × 18-
carbon number FA) result in a more ordered packing near the
methyl end regions, leading to more chances of a tightly knit
crystal lattice. Therefore, the more C48 and C54 TG are in the
fats, the more ordered the structure and the higher the ten-
dency for β crystals to be formed. Transesterification reduced
the C48 and C50 TG in the HMG, and hence contained more
β′ crystals. Unlike HMG of the control blend, HMG of the
transesterified blend also consisted of relatively higher levels
of C40 to C46 TG, which contributed to a greater diversity in
the FA pool in HMG, thus promoting β′ crystal formation.
Compared to the domestic shortenings, the experimental sam-
ple should have better polymorphic stability over wider stor-
age temperature ranges (1). 
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TABLE 2
Triglyceride Composition (% peak area) in Carbon Number of the Experimental and Commercial Solid Frying Shortenings
and Their High-Melting Glycerides (HMG) Fraction

Triglyceride C28 C30 C32 C34 C36 C38 C40 C42 C44 C46 C48 C50 C52 C54

Sample
A — — — — — — Trace 0.52 1.85 0.81 10.08 38.77 39.03 8.94
B — — — — Trace Trace Trace 0.47 1.24 1.04 15.43 40.34 34.94 6.54
C — — — — — — Trace 0.68 1.91 4.30 9.30 37.91 35.79 10.11
D — — — — — — — — — Trace 2.04 8.83 32.30 56.83
E — — — — — — — — — Trace 1.81 3.27 30.45 64.47

Transesterified blend 0.24 1.29 2.78 4.48 8.94 4.63 9.59 2.33 8.36 5.53 16.52 17.20 11.56 6.55
Control 0.18 0.88 3.96 6.27 9.48 6.80 6.89 1.45 6.24 2.85 19.48 19.37 11.36 4.79
HMG
A — — — — — — — — 0.43 — 27.27 51.57 14.90 5.83
B — — — — — — — — 0.48 — 30.63 48.82 13.72 5.35
C — — — — — — — Trace 0.59 0.34 43.41 38.12 10.73 6.81
D — — — — — — — — — — 6.38 10.06 34.72 48.84
E — — — — — — — — — — 4.13 9.96 36.49 49.42

Transesterified blend 0.01 0.12 0.29 0.50 0.88 0.72 1.79 1.60 3.24 0.89 57.88 20.62 3.14 8.32
Control 0.05 0.06 0.41 0.56 1.05 0.74 1.03 0.71 0.47 0.36 66.66 21.28 1.44 5.18
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Melting and cooling characteristics and SMP. The DSC
melting thermograms of the commercial and experimental
frying shortenings are displayed in Figure 1. All the shorten-
ings exhibited more than one endothermic peak, indicating
that the samples contained different-melting components.
With reference to previous studies (30–32), the endothermic
peaks at high melting region (35–55°C) in Samples A, B, and
C mostly contained mixtures of β and β′ crystals, as the
peaks’ temperature ranges were rather wide (35–50°C), with
β crystals predominating. On the other hand, the melting pro-
files of soybean oil–based Samples D and E were found to be
similar to each other but different from palm oil–based short-
enings (Samples A, B, and C) in that the former exhibited

only one melting peak at the lower temperature range. This
was similar to the findings of deMan et al. (33) in their work
on shortenings that contained mixtures of β and β′ crystals,
with β′ predominating. 

Meanwhile, both the transesterified and control PS/PKO
blends exhibited two endothermic peaks. After transesterifi-
cation, the size of the endothermic peak at high temperature
region was reduced. Since the peak represents the higher-
melting TG of the blend, reduction in peak size resulted in a
lower SMP in the transesterified blend (47.0°C) (Table 3) than
the control (49.3°C). Formation of more lower- and middle-
melting TG caused the peak at low temperature region (−10
to 25°C) of the transesterified blend to broaden compared to
the control. 

Figure 2 shows the cooling curves of the frying shorten-
ings. The thermograms of the cooling process were simpler
than those from the heating process. All samples had a sharp
exothermic peak at the high temperature region (15–25°C)
and a broad exothermic peak at the lower temperature region
(−25–0°C). These were duly named high-T and low-T peaks,
respectively. For palm oil products, high-T and low-T peaks
represent stearin and olein fractions, respectively (32). The
high-T peak for palm oil–based commercial samples had a
higher crystallization temperature than the imported ones.

EXPERIMENTAL AND COMMERCIAL SHORTENINGS 1217
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TABLE 3
Polymorphic Forms and Slip Melting Point (SMP) of the Experimental
and Commercial Solid Frying Shortenings

Sample Polymorphic form SMP (°C)

A β >>> β′ 44.0
B β 49.7
C β >> β′ 37.8
D β′ >>> β 42.3
E β′ >> β 43.0
Transesterified blend β′ >> β 47.0
Control β′ > β 49.3

FIG. 1. Differential scanning calorimetry heating thermograms of the
experimental and commercial solid frying shortenings run at −40 to
80°C. The heating rate was 5°C/min. 

FIG. 2. Differential scanning calorimetry cooling thermograms of the
experimental and commercial solid frying shortenings run at 80 to
−40°C. The cooling rate was −10°C/min. 
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The crystallization temperatures of low-T peaks of both the
transesterified and control blends were more comparable to
the imported samples than the domestic ones. Transesterifica-
tion introduced more low-melting TG, and this broadened the
low-T peak and reduced the crystallization temperature. 

The SMP of the samples are shown in Table 3. SMP of
frying shortenings must not be too high even though it eases
bulk handling, because the shortenings will take a longer time
to melt during frying and leave a waxy aftertaste in the mouth
(26). In this study, Sample C had an SMP (37.8°C) close to
body temperature. This is much desired compared to the rest,
which had SMP above 40°C. The flavors of the fried food
trapped by Sample C may be released when the shortenings
melt in the mouth. This will provide better eating characteris-
tics (23) than other samples. The SMP of Samples A, B, D,
E, and the experimental sample could be reduced by reducing
the levels of the high-melting components in the shortenings.
The SMP of the transesterified blend (47.0°C) fell within the
range (37.8–49.7°C) of the domestic samples but was higher
than the imported ones (42.3–43.0°C).

SFC. Hard fats are added to shortenings to extend the plas-
tic range, which improves the tolerance to high temperatures,
and for crystal type and stability. Shortenings become brittle
above their plastic range and soft below the range (34). Fig-
ure 3 shows the changes in SFC of the frying shortenings with
temperature. By taking the plastic range of the samples at
SFC of 15–25% (34), Samples A, B, and C fell within a
higher plastic temperature range than the imported samples
(Samples D and E). The domestic shortenings are manufac-
tured to have a better workability at higher temperatures be-
cause they are used in a tropical climate (35). Sample B had
the steepest SFC profile. All samples melted completely at
50°C except Sample B. Even though Samples A, B, and C had
similar FA compositions, the SFC of Sample B were higher
than those of Samples A and C throughout the temperature

ranges. This might be due either to Sample B containing palm
oil instead of palm olein or consisting of slightly more PS.
The more PS the fat contains, the higher the SFC is at a given
temperature. 

The SFC values of Samples D and E were low (30–35%)
even at 5°C. It is a trend in Western countries to incorporate
liquid oil into shortenings and margarine as much as possible
(35). On the other hand, the domestic shortenings contain rel-
atively high levels of SFC at low temperatures. Generally, im-
ported samples fell within a wider plasticity range than the
domestic samples. Sample D, for instance, had a wider plas-
tic range of 12°C (15–27°C) than Sample C, which had a
plastic range of 6°C (21–27°C).

The transesterified blend had a lower SFC than the control
for all temperatures, with both profiles mimicking each other.
The SFC profile of the transesterified blend was similar to
those of Samples A, B, and C. The SFC of the control shifted
from 15–20°C to 10–15°C in the transesterified blend. This
drop is due to the production of more low-melting TG, which
melted at this temperature range, and is similar to the results
of Lai et al. (12). The plastic range (10°C) of the transesteri-
fied blend was between 25 and 35°C, which fell within the
commercial samples (5, 13, 6, 12, and 8°C for Samples A, B,
C, D, and E, respectively). 

Characterization of the commercial plastic frying shorten-
ings provides a better understanding of the relationship be-
tween the functionality of the frying shortenings and their
physical properties, such as polymorphic forms, SMP, melt-
ing and cooling profiles and SFC. These physical properties
are dictated by the TG and FA compositions of the shorten-
ings, especially their HMG fractions. The experimental short-
ening (transesterified PS/PKO, at 1:1 w/w ratio) had physical
properties especially similar to the domestic samples. How-
ever, the blend still needs to be optimized to meet its function
as a frying shortening. 
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