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Abstract Six binary formulations of medium- and long-
chain triacylglycerols (MLCT) fat and palm stearin and four
ternary formulations of MLCT fat, palm stearin, and palm
olein were produced. MLCT fat and palm stearin were
mixed in ranges of 40–90% with 10% increments (w/w),
while for the ternary formulations, 10% and 20% palm
olein were substituted to palm stearin in MS 46 and MS 55
formulations. The solid fat content (SFC) by pulsed nuclear
magnetic resonance and heating profiles using differential

scanning calorimeter of these formulations were deter-
mined. Results obtained from SFC and heating profiles
found that all the formulations melted completely at 55 °C.
The high complete melting temperature is due to the stearic
acid content in MLCT fat. Generally, increasing % MLCT
fat (40–90%) in the formulations lowers the SFC curves at
the measured temperatures (0–60 °C). The binary samples
of MS 73, MS 82, and MS 91 showed SFC between 15%
and 25% at room temperature (25 °C), which indicated that
these formulations were suitable for shortening production.
As the production cost of MLCT fat is high (approximately
USD 3/kg), an attempt to reduce the proportion of MLCT
fat in the shortening formulations was done by developing
the ternary formulations. Shortenings formulated with
40:40:20 (MSO 442), 50:40:10 (MSO 541), and 50:30:20
(MSO 532) of MLCT fat/palm stearin/palm olein formula-
tions had similar SFC% at 25 °C, and they were
subsequently chosen to produce shortening. Using multivar-
iate analysis, taste attribute showed positively and highly
correlated to the melting temperature and SFC at 25 °C of
the MLCT-enriched shortenings. In acceptance test, high
correlation (R2=0.98) was only found on cakes made from
MSO 442 and MSO 541 shortenings. Both untrained and
trained panelists rated the Madeira cakes made from MSO
532 shortening the highest for overall acceptability.

Keywords Shortening .

Medium- and long-chain triacylglycerol . Solid fat content .

Heating profiles

Introduction

Shortening is usually a blend of 100% fats and oils that is
commonly used in the baking industry to make bakery
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products such as cake and pastry. It is normally associated
with high calorie and high trans fatty acids, which cause
health problems such as obesity and cardiac diseases. The
fat-containing diets cannot be restricted at all due to some
functionalities of fat in our body. Fat also plays an
important role in texture and flavor development in food.
Therefore, the consumption of food having low calories is
suggested for consumers with lifestyle-related diseases
(Sandrou and Arvanitoyannis 2000).

Recently, the production of structured lipid involving the
incorporation of short/medium chain fatty acid has received
much attention (Koh et al., 2008; Liu et al. 2008; Lai et al.
2005; Yankah and Akoh 2000). Some commercially
available type of this structured lipids include SALA-
TRIM/Benefat (Nabisco Food Group, Parsippany, NJ,
USA/Cultor Food Science, New York, USA) and Caprenin
(Procter & Gamble, Cinnati, OH, USA). The former tailor-
made lipids comprise short- and long-chain fatty acid on the
same glycerol molecule and used as additives in cookies,
crackers, salted snacks, and chocolate (Kosmark 1996).
Caprenin is a modified lipid containing caprylic, capric, and
behenic fatty acids esterified randomly to a glycerol
backbone. Both structured lipids provide 5 kcal/g (Osborn
and Akoh 2002). In Japan, Healthy Resseta has been
approved as Food for Specified Health Used by the
Ministry of Health, Labor and Welfare of Japan in
December 2002 for use as cooking oil (Aoyama et al.
2007). This product is made from medium- and long- chain
triacylglycerol (MLCT).

MLCT is a structured lipid that contains medium-chain
fatty acid (MCFA) and long-chain fatty acid (LCFA) on the
same glycerol backbone (Kasai et al. 2003). Ingestion of
MLCT containing 10–18% of MCFA has been reported to
reduce body weight accumulation over long periods of time
(Kasai et al. 2003; Shinohara et al. 2002; Matsuo et al.
2001). Beermann et al. (2003) investigated the effect of
ingestion of dietary MCFA and n−3 long-chain polyunsat-
urated acids (PUFA) on the fat metabolism of healthy
people after 15 days. They found that diet containing 72%
MCFA and 22% n−3 LCPUFA increased stimulation of
hepatocytic β-oxidation and release from adipocytes with-
out affecting any safety parameters of venous blood in short
term period. MLCT had no adverse effect on body fat
reduction when ingested excessively (Nosaka et al. 2003).

The solid fat content (SFC) of oils and fats and their
mixtures by pulsed nuclear magnetic resonance (NMR)
spectroscopy remains of considerable interest to develop
new products involving fats and oils. SFC in ranges of 15–
25% at usage temperature (23 °C) is recommended for
shortening to have excellent baking performance (Berger
and Pollitt 1974). Shortening with lower SFC rated higher
for sensory texture scores due to the desired soft texture of
cake. However, some solids should remain at about 40 °C

as these solids are necessary to support the structural
formation of the cake.

The aim of this study was to investigate the compatibility
of MLCT-enriched formulations to be used in shortening
production. Six binary and four ternary MLCT-enriched
formulations were developed. The fatty acid composition,
solid fat content, and heating behaviors of the formulations
were determined. The physicochemical properties of the
MLCT-enriched formulations produced were also compared
to commercial bakery shortening. Quantitative descriptive
analysis was carried out to describe both qualitative and
quantitative sensory aspects of cakes made from commercial
and selected MLCT-enriched shortenings, while acceptance
test (9-scale Hedonic) was run to evaluate the degree of
liking for the product.

Materials and Methods

Materials

MLCT fat was produced using Lipozyme RM IM lipase-
catalyzed esterification. The experimental details on the
production of MLCT fat are shown in “Pilot-Scale
Production of MLCT Fat”. The palm stearin IV44 was
obtained from Golden Jomalina (Teluk Panglima Garang,
Selangor). Palm olein IV60 and commercial shortening
(Crisco, Pillsbury, USA) were purchased from Carrefour
(Putrajaya, Kuala Lumpur) and Giant (Petaling Jaya,
Selangor), respectively. Commercial shortening was made
from soybean, sunflower, and hydrogenated palm oil. This
shortening was chosen for this study as it contains 0 g
trans fat and used for cake production. Commercialized
immobilized lipase from Rhizomucor meihei (Lipozyme
RM IM) was obtained from Novozymes A/S (Bagsvaerd,
Denmark). All chemicals and solvents used were either of
analytical or high-performance liquid chromatography
grades, respectively.

Pilot-Scale Production of MLCT Fat

The production of MLCT fat was conducted in a 10-L stirred-
tank bioreactor equipped with vacuum pump (Paramount
Impact Sdn. Bhd,, Sri Kembangan, Selangor). The parameters
of MLCT fat production were as follows: temperature, 65 °C;
time, 14 h; enzyme concentration, 8% (w/w); and fatty acids/
glycerol molar ratio, 3:1. A total of 8 kg (w/w) of melted
capric and stearic acids was poured into the reactor vessel
and mixed thoroughly using two vertically aligned three-
bladed impellers in the feed tank at a speed approximately
500 rpm and equilibrated at 65 °C. A determined amount of
glycerol (1.05 kg) was then added to the tank followed by
0.64 kg of enzyme. The vacuum pump was on to remove
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water during reaction. At the end of the reaction time,
products were removed and filtered out from the bottom of
the vessel.

Purification in a Pilot-Scale Short Path Distillation

Crude MLCT fat was purified using short path distillator.
The distillation conditions are tabulated in Table 1. Other
conditions were as follows: evaporator vacuum=
0.001 mbar; heat exchanger temperature, 80 °C. The
addition of palm olein to crude MLCT fat at ratio 1:1 upon
the first cut of SPD was done to decrease the solidification
temperature. This mixing process was done due to the quick
solidification of the MLCT fat in the feeding tank, and the
purification process could not be carried out. Palm olein
was chosen due to high thermal and oxidative stability,
plasticity at room temperature, and tendency to crystallize
in the β′ form (Noor Lida et al. 2003).

Sample Preparation

Six binary formulations of MLCT fat and palm stearin in
ranges from 40% to 90% of MLCT fat with an increment of
10% (w/w) were produced, while 10% and 20% of palm
olein replaced palm stearin in MS 46 and MS 55
formulations for ternary formulations. The fats and oil
composition of binary and ternary formulations are shown
in Table 2. MLCT fat, palm stearin, and palm olein were
melted at 80 °C for 30 min in an oven to remove the crystal
structures. The liquefied fats and oil were then mixed
according to their proportions with total weight of 50 g fats
and oils in sample bottles. All the formulations were kept at
room temperature (25 °C) prior to SFC and thermal
analyses.

Fatty Acid Composition

The fatty acid composition of MLCT fat, palm stearin, and
palm olein was determined by AOCS (1993) Official
Methods Ce 1-62. Fatty acid composition (FAC) of the
samples were determined after converting free and glycer-
ide fatty acid to their corresponding fatty acid methyl esters
(FAME) and analyzing the FAME by gas chromatography
(Hewlett-Packard, Wilmington, DE, USA), equipped with a
flame-ionization detector. FAMEs were prepared by trans-

esterification of fat (50 μL) with isopropanol (950 μL) and
sodium methoxide (0.5 N, 50 μL). The conditions of FAC
analysis were as follows: column oven, 170 °C (isothermal);
carrier gas, helium 99.9%; carrier gas flow, 1 mL/min;
running time, 13 min.

Solid Fat Content

Solid fat content was measured by pulsed NMR using
Bruker PC/20 series NMR Analyzer (Minispec, Bruker,
Karlsruhe, Germany; AOCS Official Method Cd 10-57).
The samples were melted at 80 °C for 30 min to destroy the
crystals’ history. During this study, the samples were
evaluated at 5 °C intervals from temperatures of 0 to 60 °C.

Heating Profile

Heating profiles of MLCT fat, palm stearin, palm olein, and
commercial and MLCT-enriched shortenings formulations
were measured using Pyris Diamond differential scanning
calorimeter (DSC) equipped with an intracooler 2P (Perkin
Elmer, Norwalk, CT, USA). An empty aluminum pan was
used as a reference, and samples (7–9 mg) were weighed.
The samples were heated to 80 °C for 10 min to destroy the
crystal memory. A crystallization curve was obtained by
cooling to −60 °C at 5 °C/min and held for 10 min. The

Table 1 Short path distillation conditions used for MLCT fat purification

Distillation step Feed Residue Distillate Feed rate (kg/h) Evaporator temperature (°C)

Step 1 Crude MLCT DAG and TAG FFA and MAG 5 175

Step 2 Residue from step 1 Tristearin DAG and TAG 5 260

MLCT medium and long-chain triacylglycerol, MAG monoacylgycerol, DAG diacylglycerol, TAG triacylglycerol

Table 2 Composition of binary and ternary MLCT-enriched shortening
formulations

Formulae Composition (proportion w/w)

M O S

MO 46 40 60 –

MO 55 50 50 –

MO 64 60 40 –

MO 73 70 30 –

MO 82 80 20 –

MO 91 90 10 –

MSO 451 40 50 10

MSO 442 40 40 20

MSO 541 50 40 10

MSO 532 50 30 20

M medium and long-chain triacylglycerols (MLCT), S palm stearin,
O palm olein
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samples were then heated to 80 °C to determine the heating
profile at heating rates of 5 °C/min. Although both cooling
and heating profiles were done, only heating curves will be
discussed here.

Production of Shortening

Shortenings were prepared according to the modified method
of Danthine and Deroanne (2006, 2004). Appropriate weight
compositions of 300 g of the melted fats were mixed in
1,000-mL beaker and put in an oven at 80 °C for 30 min to
erase the crystal memory. The melted oils were kept in liquid
form at 50 °C and mixed using food blender (Cornell, Kuala
Lumpur, Malaysia) for 1 min to homogenize the sample.
They were then put in a freezer at −20 °C for half an hour in
order to simulate on a laboratory scale, an industrial scraped-
surface heat exchanger. The shortenings were subsequently
stored in room temperature (25 °C±1 °C) for 48 h prior to
use in baking.

Production of Cake

The shortenings were evaluated for their sensory properties
in cakes using a Madeira cake according to Nor Aini et al.
(1989) with little modification to the ingredients (Table 3).
Madeira cake was chosen due to its low fat content and is
therefore particularly sensitive to the properties of the fat.
The procedures to prepare the cake are discussed below.

Shortening and icing sugar were mixed using a KitchenAid
Mixer model KSM150PS (KitchenAid, USA) for 15 min at
speed 4. Speed 4 was used throughout the mixing process.
After scraping the side of the bowl, eggs were poured into the
batter-containing bowl and mixed for 10 s. Water, coloring,
and vanilla flavor were added in the batter and mixed for 10 s.
Self-rising flour was then added to the mixture followed by
skimmed milk powder and then mixed again. Scraping was
done just before each ingredient was added to ensure

homogenous mixture was obtained. The batter was placed
into two round cake baking tins with greaseproof paper and
baked in an oven at 180 °C for 1 h.

Sensory Analysis

Two types of sensory evaluation, namely quantitative
descriptive analysis and acceptance test, were carried out.
Quantitative descriptive analysis of cakes made from
commercial and MLCT-enriched shortenings were evaluat-
ed by ten trained panelists from Malaysian Palm Oil Board
(MPOB). As panelists employed in the testing were used to
evaluate this kind of samples, training was not provided.
However, a few sessions were conducted to develop
terminologies for the cake and to introduce the scaling
method. The sensory parameters evaluated included color
(light to dark), texture (hard to soft), oiliness (too oily to not
oily), aroma (bad to good), taste (bad to good), moistness
(dry to moist), and denseness (compact to airy). The scale
used was 15-cm line with anchors at both two ends of the
line (Meilgaard et al. 2000). Hedonic scale was used to
evaluate the degree of liking of the products. One hundred
untrained panelists were asked to rate the products in a
scale of 1 to 9, with 1 representing extremely dislike and 9
representing extremely like for texture, taste, and overall
acceptability properties. The samples were prepared by
cutting them into equal thickness and size.

Statistical Analysis

Statistical Analysis System software (SAS, Cary, NC,
USA) was used to perform statistical analysis (SAS
Institute 2000). Analysis of variance with Duncan’s
multiple range test was performed to determine significance
of difference at P<0.05.

Results and Discussion

Fatty Acid Composition

Table 4 shows the fatty acid composition of MLCT fat,
palm stearin, and palm olein. The major fatty acids found in
MLCT fat were capric and stearic acids (24.99% and
38.23%, respectively). Capric and stearic acids were the
sole fatty acids used as raw materials in the lipase-catalyzed
esterification process of MLCT fat and contributed to the
high concentrations of these two fatty acids in the MLCT
fat. In comparison, MLCT prepared by transesterification of
14% (w/w) and 86% (w/w) rapeseed oil contained 13% of
medium chain fatty acids (caprylic and capric acids; Kasai
et al. 2003). Matsuo et al. (2001) stated that transester-
ification of rapeseed oil and MCT at a ratio 9:1 (rapeseed

Table 3 Madeira cake formulation

Ingredients Amount (%)

Self-rising flour 100

Shortening 35.6

Icing sugar 96.8

Egg 49.7

Water 48.4

Skimmed milk powder 2.3

Salt 1.8

Coloring 0.2

Flavoring 0.2

Percentages are given on a flour weight basis

590 Food Bioprocess Technol (2011) 4:587–596



oil/MCT) had 9.7% caprylic and capric acids. Total of
myristic, palmitic, and stearic acids in MLCT fat was
54.7%. MLCT fat had the least concentration of unsaturated
fatty acids (oleic and linoleic acids) with 19.61%. In
contrast, palm olein contained the highest % of oleic and
linoleic acids (55.12%). Addition of palm olein to unrefined
MLCT fat upon short path distillation contributed to the
presence of significant amount of palmitic, oleic, and
linoleic acids in the MLCT fat. Unrefined MLCT fat
solidified quickly in the feeding tank, and the purification
could not be carried out. Thus, the addition of palm olein at
ratio 1:1 (MLCT/palm olein) to this fat was done to
decrease the solidification temperature. These details are
also included in the “Purification in a Pilot-Scale Short Path
Distillation”. Several factors such as temperature fluctua-
tion, inefficient separation, and vacuum pressure during
fractionation may cause the differences in values for the
proportion of palmitic acid in palm stearin and oleic acid in
the palm olein.

Solid Fat Content

The solid fat content of commercial and MLCT-enriched
binary formulations are shown in Fig. 1. Commercial
shortening (Pillsbury, USA) had flat SFC curve within
temperatures of 0 to 25 °C. This indicated that the
commercial shortening had broad plastic ranges compared
to MLCT-enriched binary formulations. The solid fat of
commercial shortening (22.8–16.2%) was lower than all
MLCT-enriched formulations between these temperatures.
It might be related to the high linoleic acid in the soybean
and sunflower oils. SFC% of commercial shortening
decreased steadily between 25 and 50 °C before all the
solid fat completely melted. SFC% of the MLCT-enriched
formulations decreased as the proportion of MLCT fat
increased from 40% to 90%. Although MLCT fat had
higher solid fat at any temperature compared to palm
stearin, the increase in MLCT% led reduction in SFC%
(data is not shown). This may be due to the solubility of the

high-melting TAG into low-melting TAG. All solids
completely melted at 55 °C. The high melting temperature
is related to the high LCSFA content in the MLCT-enriched
formulations (50–60%; Table 5).

According to Berger and Pollitt (1974), for shortening to
perform well in baking, it should have a SFC in the range
between 15% and 25% at usage temperature. Formulations
of MS 73, MS 82, and MS 91 were found to contain 18.24–
24.93% of solid fat at 25 °C, which represented the
workable temperature. However, four ternary formulations
of MSO 451, MSO 442, MSO 541, and MSO 532 were

Table 4 Fatty acid composition of medium- and long-chain triacyl-
glycerol, palm stearin, and palm olein

Fatty acid MLCT POs POo

10:0 24.99 0.88 0.04

14:0 0.80 1.28 1.09

16:0 15.65 56.54 39.07

18:0 38.23 6.13 4.20

18:1 15.42 28.37 43.74

18:2 4.19 6.63 11.38

MLCT medium and long-chain triacylglycerol, POs palm stearin,
POo palm olein
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Fig. 1 Solid fat content of commercial and binary MLCT-enriched
shortenings formulations. M medium- and long- chain triacylglycerols,
S palm stearin, O palm olein

Table 5 Fatty acid composition of binary and ternary MLCT-enriched
shortening formulations

Formulae MCFA LCSFA USFA

MS 46 12.3±0.06 59.3±0.08 28.4±0.06

MS 55 15.9±0.10 59.0±0.13 25.1±0.05

MS 64 17.2±0.08 58.0±0.01 24.8±0.04

MS 73 18.4±0.10 57.7±0.10 23.8±0.01

MS 82 21.0±0.04 57.0±0.11 22.0±0.04

MS 91 22.3±0.12 55.6±0.03 22.2±0.01

MSO 442 12.0±0.08 56.3±0.12 31.7±0.13

MSO 541 15.9±0.11 56.1±0.10 27.7±0.08

MSO 532 16.0±0.02 54.1±0.08 29.8±0.01

Each value in the table represents the means ± standard deviation of
duplicate analyses

MCFA medium chain fatty acid, LCSFA long-chain saturated fatty
acids, USFA unsaturated fatty acids, M medium and long-chain
triacylglycerols (MLCT), S palm stearin, O palm olein
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then produced as an effort to improve shortening produc-
tion cost as MLCT fat production is considered expensive
(Fig. 2). Three formulations that contained SFC within 15–
25% at 25 °C were MSO 442, MSO 541, and MSO 532,
and they were subsequently chosen to produce the cake
shortening.

As shown in Fig. 1, it can be observed that there were
differences in the slopes observed for binary MLCT-
enriched formulations. Shortenings with formulations of
MS 46, MS 55, and MS 64 have similar solid fat profile
trends. There was a small region with a less accentuated
slope shown at temperatures between 0 and 15 °C. The
SFC% then decreased at a linear fashion from 15 to 30 °C,
and similar patterns as low temperature melting slopes were
seen between temperatures of 30 and 50 °C. These were
then followed by a small tail after 50 °C. Unlike MS 46,
MS 55, and MS 64 formulations, a sharp decrease was
found in MS 73, MS 82, and MS 91 formulations between
temperatures of 0 and 30 °C. At temperatures from 30 to
40 °C, the SFC% decreased gradually, and a short tail was
observed afterward. As for ternary formulations, a small
region was observed between 5 and 15 °C with less
accentuated slope (Fig. 2). The SFC% then decreased
sharply at temperatures between 15 and 25 °C and
continuously decreased at temperatures 25 to 55 °C with
similar slopes to those at lower temperatures. These
changes might be contributed by various TAG fractions
present in the material. Litwinenko et al. (2002) found
similar observation for their commercial vegetable oil-
based shortening composed mainly of partially hydroge-
nated soybean and palm oil where the slope of the SFC
varied at particular temperatures (0–50 °C) range. These
changes were due to contributions of the various TAG

fractions comprising of low- and high-melting fats and oils
in the materials.

Heating Profiles

Figure 3 illustrates the heating thermograms of MLCT fat,
palm stearin, and palm olein. The endset, peak, and onset
temperatures of MLCT fat were 27.86, 18.01, and 1.62 °C.
These values indicated that MLCT fat was dominated by
the low-melting fraction. MLCT fat showed two distinct
peaks (peaks a and b) representing high- and low-melting
TAG. This fat was completely melted at temperatures
(57.5 °C), which were higher than palm stearin (52.48 °C)
due to the high% of stearic acid present. Palm stearin and
palm olein were dominated by high- and low-melting point
fats and oils, respectively.

Figure 4 shows the heating curves of binary MLCT-
enriched shortening formulations. The heating thermograms
of MLCT fat and palm stearin mixtures showed different
melting onset due to molecular species interaction among
the constituents. Jin et al. (2008) reported similar observa-
tion for blends of palm kernel olein, tallow, and palm olein
blends. The increment of MLCT fat percentages decreased
the melting peak temperatures of the binary formulations,
which were contributed by the presence of capric, oleic, and
linoleic acids in the MLCT fat. However, the complete
melting points of the binary formulations shifted to higher
temperatures (51.37–55.93 °C; Table 6) when the propor-
tion of MLCT fat increased (40–90%). This is associated
with the high LCSFA content in MLCT-enriched formula-
tions (Table 5). Heating curves of the MLCT-enriched
formulations had numerous shoulders, which were not
separable from the peaks. These are more likely due to
the complex nature of fats and oil that comprised of various
types of TAG. Two endothermic peaks of intermediate and

a 
b 

Temp (˚C)

Commercial

MLCT fat 
Palm olein

Palm stearin

Fig. 3 Melting curves of medium- and long-chain triacylglycerol,
palm stearin, and palm olein. MLCT for medium- and long-chain
triacylglycerols
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Fig. 2 Solid fat content of commercial and ternary MLCT-enriched
shortenings formulations. M medium- and long-chain triacylglycerols,
S palm stearin, O palm olein
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high-melting fraction (peaks a and b) were observed on the
MS 46 and MS 55 thermograms. However, the two peaks
disappeared when the % of MLCT increased. In addition,
broad melting ranges in the lower temperature region
(−10–30 °C) were observed with increasing MLCT fat
proportions. This trend was due to the dispersion of high-
melting fat into the low-melting fraction. The fatty acids in
low-melting TAG were capric, oleic, and linoleic acids.
This finding was in agreement with the solid fat content
results obtained.

Heating thermograms of ternary formulations are illus-
trated in Fig. 5. Similar observations were observed for
MSO 451, MSO 442, and MSO 541 formulations. Two
endothermic peaks (peaks a and b) were viewed on the
thermogram of those ternary formulations. On the contrary,
MSO 532 formulation did not show similar results where
only one peak can be seen. Substituting 20% of palm
stearin with palm olein in MS 55 formulation caused

solubility of the melting fraction into low-melting fat to
produce broader endothermic peak. When palm olein was
used in the formulations, the melting temperature of the
ternary formulations shifted to the left (decrease in
temperature) due to the presence of high oleic and linoleic
acids in palm olein (Table 6). Most of the formulations
produced had melting temperatures higher than that of the
commercial shortening. The heating thermograms of binary
formulations were not much different with ternary melting
curves. It may be due to the fact that only small amounts of
palm stearin were substituted with palm olein. Moreover,
palm olein and palm stearin are fractionated products
of palm oil which have similar fatty acid and TAG types.

Sensory Attributes

The results of QDA are shown in Table 7. QDA was done
to describe the attributes of the products by giving them a
score. Higher score indicated that the samples had good
quality for that particular attribute. Cakes made from
commercial shortening showed significant (P<0.05) higher
in score for color compared to those made from MLCT-
enriched shortenings. Color formation of cakes was due to
the reaction between amino acids and reducing sugars in
the presence of heat and so-called Maillard reaction. The
differences in the color for cakes made from commercial
and MLCT-enriched shortenings may be contributed by the
emulsifier content of the shortening. The color changes for
the rice cakes was found to be significantly (P≤0.001)
affected by the emulsifier concentration (Turabi et al.
2008). Panelists rated cakes made from commercial and
MSO 442 shortenings significantly (P<0.05) higher com-
pared to those made from MSO 541 and MSO 532
shortenings for texture, indicating that the former were
softer in texture. Samples made from commercial and MSO
442 shortenings were rated similar (P>0.05) in terms of
texture. High % of liquid fat at room temperature in
commercial (16.22%) and MOS 422 (22.69%) shortenings

Temp (˚C) 

Commercial

MS 46 
MS 55 
MS 64 

MS 73 

MS 82 

MS 91

a 

b 

Fig. 4 Melting thermogram of binary MLCT-enriched shortening
blends. M medium- and long-chain triacylglycerols, S palm stearin,
O palm olein

Table 6 The complete melting temperatures of commercial, binary,
and ternary MLCT-enriched shortening formulations

Formulae Temperature (°C)
Complete melting

Commercial 50.20±0.24

MS 46 51.37±0.12

MS 55 54.20±0.32

MS 64 53.46±0.06

MS 73 54.39±0.18

MS 82 55.91±0.21

MS 91 55.93±0.18

MSO 451 51.96±0.10

MSO 442 50.15±0.15

MSO 541 53.43±0.20

MSO 532 52.12±0.20

M medium and long-chain triacylglycerols (MLCT), S palm stearin,
O palm olein

Commercial

MSO 451 

MSO 442 

MSO 541 

MSO 532

Temp (˚C)

a 

b 

Fig. 5 Melting curves of ternary MLCT-enriched shortening blends.
M medium- and long-chain triacylglycerols, S palm stearin, O palm olein

Food Bioprocess Technol (2011) 4:587–596 593



might contribute to the texture of cake. Moistness of the cakes
made from commercial and MLCT-enriched shortenings
showed no significant (P>0.05) differences, with cakes made
from commercial shortening having the highest score among
all the samples. The high score of moistness may affect the
high score obtained for texture attribute. Turabi et al. (2008)
reported that the texture of the cakes were associated with
their moisture content. The oiliness for cakes made from
MSO 442 and MSO 541 shortenings were significantly
(P<0.05) higher compared to those made from commercial
and MSO 532 shortenings, indicating that the former was
less oily. High % of liquid oil remaining at body temperature
in MSO 532 shortening (more than 90%) might contribute to
the oiliness of the cake made from this shortening. Similar
results were obtained for commercial shortening. The high
concentration of low-melting fraction in commercial short-
ening as observed from DSC heating curve indicated that
more liquid oil was present at 37.9 °C and had caused the
oiliness in the mouth during ingestion (Fig. 3).

In terms of denseness, cakes made from commercial and
MSO 442 shortenings were significantly (P<0.05) less
dense than cakes made from MSO 541 and MSO 532
shortenings. This was due to the moderate % of SFC in

commercial (7.8%) and MSO 442 (8.5%) shortenings at
40 °C, which was necessary to support the cake structure
formation. The score of denseness for cakes made from
commercial and MSO 442 shortenings were in agreement
with texture attribute confirming the soft texture of the
cakes. Lakshminarayan et al. (2006) stated that in increased
specific volume of the cakes, softer texture of cakes was
obtained. As specific volume is closely related to the cake
expansion, it can be used as an indicator for denseness of
the cakes. Trained panelists gave higher scores for taste to
cakes made from MLCT-enriched shortenings, indicating
that the cakes had good taste compared to the cakes made
from commercial shortening. Similar pattern was observed
for aroma properties as the panelists rated cakes made from
MLCT-enriched shortenings higher.

Principle component analysis (PCA) is a useful multi-
variate analysis procedure to describe interrelationships
between multiple variables (Jaworska et al. 2005). Principle
component 1 (PC1) and principle component 2 (PC2)
described 36% and 25%, respectively, of the variance. The
loading plot for component 1 and 2 is shown in Fig. 6. The
attributes that had a major influence on differentiation of
samples were color, SFC, melting temperature, aroma, and
denseness. Oiliness showed a minor influence on sample
differentiation. Taste was strongly and positively correlated

Table 7 Means scores of various sensory attributes of cake

Color Texture Moistness Oiliness Denseness Taste Aroma

Crisco 10.32a±0.03 9.08a±0.04 8.19a±0.08 8.97b±0.12 9.34a±0.12 5.41b±0.26 8.99b±0.13

MSO 442 5.26b±0.20 9.04a±0.13 7.63a±0.14 10.29a±0.09 8.89a±0.25 8.74a±0.26 10.59a±0.18

MSO 531 4.09b±0.16 7.21b±0.13 8.02a±0.22 9.94a±0.10 6.6b±0.16 8.74a±0.17 10.94a±0.18

MSO 532 4.06b±0.27 6.33c±0.10 7.4a±0.12 7.89b±0.10 6.3b±0.11 8.69a±0.08 11.08a±0.11

Each value in the table represents the means ± standard deviation of duplicate analyses. Means within each column with different superscripted are
significantly (P<0.05) different

M medium and long-chain triacylglycerols (MLCT), S palm stearin, O palm olein
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Fig. 6 Relation of sensory attributes (QDA data) to physicochemical
properties using PCA

Table 8 Acceptance test (hedonic scale) of cakes made from
commercial and MLCT-enriched shortenings

Texture Taste Overall acceptability

Commercial 6.44a±0.20 6.60a±0.22 6.64a±0.26

MSO 442 5.71b±0.16 5.79b±0.25 5.94b±0.16

MSO 541 6.47a±0.27 6.55a±0.41 6.62a±0.35

MSO 542 6.51a±0.13 6.78a±0.16 6.69a±0.21

Each value in the table represents the means ± standard deviation of
duplicate analyses. Means within each column with different super-
scripts are significantly (P<0.05) different

M medium and long-chain triacylglycerols (MLCT), S palm stearin,
O palm olein
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with the melting temperature and SFC. The correlation
between the treatments and sensory attributes were deter-
mined. The QDA attributes of cakes made from MSO 442
and MSO 531 shortenings and MSO 531 and MSO 532
shortening were found to be highly correlated to each other
with R2=0.70 and R2=0.86, respectively. QDA attributes of
cakes made from commercial and MLCT-enriched short-
enings showed low correlation coefficient values.

Table 8 illustrates the scores given by 100 untrained
panelists to determine the acceptability of the Madeira cakes
made from commercial and MLCT-enriched shortenings.
Panelists were asked to rate the products in terms of texture,
taste, and overall acceptability. They had to evaluate the
attributes between the 1 to 9 scales, with the lowest number
representing “extremely dislike” and the highest value
representing “extremely like”. In terms of texture, samples
made from commercial, MSO 541, and MSO 532 short-
enings were significantly (P<0.05) higher compared to cakes
made from MSO 442 shortening. Similar observations were
found for taste and overall acceptability. Although no
significant differences (P>0.05) were seen in cakes made
from commercial, MSO 541, and MSO 532 shortening,
cakes made from MSO 532 shortening had the highest score
of acceptability for all the sensory properties. These suggest
that cakes made from MSO 532 shortening with scores of
6.51 (texture), 6.78 (taste), and 6.69 (overall acceptability)
was the best sample among all the shortenings. In acceptance
test, the cakes made from MSO 442 and MSO 532
shortenings had low correlation, with R2=0.51. In contrast,
the cakes made from MSO 442 and MSO 541 shortenings
(R2=0.98), as well as the cakes made from MSO 541 and
MSO 532 shortenings (R2=0.68) were highly correlated.

Conclusion

Fatty acid composition of the MLCT-enriched formulations
had great influence on solid fat content and heating
behaviors. All solids fat melted at temperature higher than
55 °C, while melting DSC temperatures were found to be
higher than 50 °C. This may associate to the high proportion
of palmitic and stearic acids in the formulations. Panelists
(trained and untrained) of sensory evaluations rated Madeira
cake made from MSO 532 formulation shortening the
highest, indicating that the cake had good sensory properties
as well as high degree of liking. As a conclusion, we can say
that MLCT-enriched shortenings can be formulated to
produce Madeira cake that is desired by consumers.
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