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Abstract: Lipase catalyzed acidolysis of ternary blend, S3 (90% PMF: 5% VCO: 5% CO) with caprylic acid (C8:0)
was  carried  out  to  produce  structured  lipids  (SLs) containing medium-chain fatty acid at position sn-1,3.
The reaction parameters including substrate mole ratio, enzyme concentration, reaction time and temperature
were optimized using response surface methodology (RSM). After acidolysis, a SL product,A12 had solid fat
content almost similar to cocoa butter when reaction was for 4 h and at low temperature of 40°C, using 1 mole
S3 blend, 1 mole caprilic acid and 1% Thermomyces lanuginose lipase. The optimal values for the asidolysis
parameters were almost exactly with the RSM predicted values. 
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INTRODUCTION reaction catalyzed by lipase [10]. The main reaction in the

Fat and oils typically provide energy around 9 ccal/g, are often called transesterification or interesterification.
which is the main energy source in the diet, compared Results of studies on the application of structured lipids
with the carbohydrate and protein (4ccal/g) [1-4]. High-fat in the industry were scarcely reported perhaps due to the
diets are usually associated with cardiovascular diseases, price of commercial lipase which is rather expensive [11].
high blood pressure and obesity in humans. Since a few Structured lipids can be applied in food to supply energy
years ago, there was an increase in the percentage of the in addition to the other heath advantages such as
population who are overweight or obese worldwide [5]. supplying long chain fatty acids [12-14]. 
Reduce fat and cholesterol has become an important trend Another option of the interesterification method to
in food product innovation [6]. In addition, the growing modify fats and oils, is the enzymatic acidolysis. This
concern on the relationship between food intake and reaction involves an ester and an acid, the acid will be
maintenance of healthy body weight has boosted the exchanged with another acid in the ester. The reactions
market of foods with reduced energy value [7, 8]. are catalyzed by sn 1,3 specific lipases because the

Recently, new products such as  structured  lipid positional specificity is essential for the final  product
gets the most attention in the field of food and [15]. Therefore, if all fatty acids in the sn-1,3 position are
nutrition.Structured lipids (SLs) are triacylglycerols (TAG) substituted with the desired fatty acids, specific
have been restructured to change the positions and triacylglycerol species will be produced. Intensive studies
composition of fatty acids form the native state. They of acidolysis have been carried out by Shimada et al. [16]
have been developed to meet the demand of health and Shimada et al. [17] using Rhizomucor delemarlipase
consious consumers. The production of TAG with on certain types of oil with caprilic acid.
medium change fatty acids (M) in the sn-1 and sn-3 Palm mid fraction (PMF), virgin coconut oil (VCO)
positions and a long-chain fatty acid (L) in the sn-2 and canola oil (CO) and this oil was selected based on the
position (MLM-type) has sharply increased due to its health benefits of the oil. Palm mid fraction (PMF) is a
unique nutiritional properties [9]. Lipid modification is to product of oil palm produced in the second stage of
produce structured lipids and carried out through a fractionation [18]. At room temperature, palm oil exists in

modification and hence the synthesis of structured lipids
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half liquid phase and light yellow color. Usually, PMF is Chemicals:Immobilizedsn-1,3-specific lipaseThermomyces
used as a starting material to produce a much cheaper lanuginose was obtained from Novo Nordisk Biochem
cocoa butter substitute (CBS) [19]. Major triacylglycerols North America Inc. (Franklinton, NC) and caprilic acid
(TAGs) available in PMF are 1,3-dipalmitoyl-2-oleoyl-sn- (C8:0) from Sigma-Aldrich (St. Louis, MO).
glycerol (POP), 1-palmitoyl-2-oleoyl-3staeroyl-sn-glycerol
(POSt) and 1,3-distearoyl-2-oleoyl-sn-glycerol (StOSt) The Design of Experiments: In this stydy, the Design-
[18]. Expert  version 6 (D-Optimal) was used to determine the

Virgin  coconut  oil  (VCO)  is  gaining its popularity best ratio of palm mid fraction (PMF), virgin coconut oil
as functional edible oil. It has attracted the attention of (VCO) and canola oil (CO) mixture. Table 1 shows the
many  researchers  because  of its advantages and blending of ten different ratios (S1 – S10) and 4
benefits as  healthy  functional  foods,  as  nutraceuticals, duplications (S11 – S14) for experimental accuracy
pharmaceuticals and cosmeceuticals [20]. The demand for confirmation. The best mixture was selected for
VCO is increasing in the market place, especially in the optimization of enzymatic acidolysis through D-Optimal
South Asia such as Philippines, Thailand, Indonesia and Design in the respons surface methodology (RSM) with
Malaysia. This oil is used in the food industry, rich in five parameters, temperature between 40-60°C, reaction
medium chain fatty acids and has features of good time (4-48 hours), C8:0 (1-5 mole), enzyme concentrations
digestibility [21].Virgin coconut oil (VCO) refers to an oil (1-10%) and cocoa butter substitute (CBS) (1 mole)
that is obtained from fresh, mature kernel of the coconut studied.
by mechanical or natural means, with or without the use
of heat and without undergoing chemical refining [22].

Canola oil is extracted form Brassica napus,
(Keluarga Brassicaceae). Canadian Canola Oil Council
declared that this oil is healthy and safe to use. Canola oil
is much beneficial for heart health and recognized by
professional association of dietetician and the American
Heart Association [23].The fatty acid compostion in
canola oil can be modified to reduce the erucic acid
content and increased oleic acid content [24]. Canola oil S6 70.00 12.50 17.50

contains omega-6 and omega-3. Canola oil is also low in
saturated fat, high monounsaturated fattys acids (MUFA)
and polyunsaturated fats (PUFA) such as omega-3 fatty
acids.The oil obtained from pressed canola seed which is
harvested from the fruit obtained from canola plant.
Canola oil consists of 60% oleic acid and 20% linoleic
acid. Studies on the diet rich in oleic acid has shown oleic
acid can reduce total cholesterol and low-density
lipoprotein (LDL). It also can reduce LDL and increase
high density lipoprotein (HDL) [25].

In this study PMF, VCO and CO were used to
produce a structured lipid that has compatible properties
with the cocoa butter and improved health benefits. The
acidolysis interaction for producing the structured lipid
was optimized using the RSM.

MATERIALS AND METHODS

Raw Material: The palm mid fraction (PMF) used in this
study was supplied by Alami Group Sdn. Bhd. Panglima
Garang, Klang; whereas the virgin coconut oil (VCO) and
canola oil (CO) were purchased from a local supermarket.

®

Table 1: Ten different ternary blending ratios (%) of palm mid fraction
(PMF), virgin coconut oil (VCO) and canola oil (CO) determined
via D-Optimal Design

Ternary blends PMF (%) VCO (%) CO (%)

S1 82.50 12.50 5.00
S2 63.75 12.50 23.75
S3 90.00 5.00 5.00
S4 62.50 20.00 17.50
S5 75.00 20.00 5.00

S7 50.00 20.00 30.00
S8 75.00 20.00 5.00
S9 50.00 20.00 30.00
S10 90.00 5.00 5.00
S11 65.00 5.00 30.00
S12 57.50 12.50 30.00
S13 65.00 5.00 30.00
S14 80.00 8.75 11.25

S8, S9, S10 and S13: duplications performed for experimental accuracy
confirmation

Sample Preparation: The sample was prepared from
ternary oil blending of palm mid fraction (PMF), virgin
coconut oil (VCO) and canola oil (CO). The palm mid
fraction (PMF) was melted in an oven at 60°C for 1 hour.
Selected mixtures were enzymatically acidolysed using
Thermomyces lanuginose lipase under variable controlled
parameters; temperature (40-60°C), enzyme concentration
(1-10%), time of acidolysis (4-48 h) and orbital shaking at
200 rpm. Twenty five blends constituting PMF, VCO and
CO at different ratios (Table 2) were created using RSM
mixing procedure (D-Optimal) in Design-Expert version 6®

software.
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Determination of Solid Fat Content (SFC): Pulse nuclear
magnetic resonance spectrometer (p-NMR) was used to
determine the solid fat content (SFC) of each blend. Prior
to analysis, the fat mixture were melted at 70°C for 30
minutes and subsequently placed into a 3 cm tube and
cooled to 0°C for 90 minutes. Then, the samples were
placed into the tube at temperatures (0, 5, 10, 15, 20, 25, 30,
35 and 37.5 °C) individually and the SFC was recorded for
every 30 minutes [26].

Response Surface Methodology (RSM): RSM study was
carried out using Design-Expert  version 6. Five varible®

parameters of acidolysis, the temperature, time, enzyme
concentration, amount of CBS and medium chain fatty
acids were studied. The maximum and minimum values of
the parameters used for the acidolysis reaction between
CBS and medium chain fatty acids (C8:0) is shown in
Table 3. While the experimental design proposed by RSM
is shown in Table 2, where a total of 25 experiments are
listed.

Table 2: Experimental designs for acidolysis process between cocoa butter

substitute and medium chain fatty acids (C8:0)

CBS C8:0 Enzyme Time

Sample Temperature (°C) (mole) (mole) (%w/w) (hour)

1 60 1 1 3 4

2 50 1 3.25 2 37

3 40 1 5.5 3 26

4 50 1 10 3 26

5 40 1 10 5 48

6 60 1 10 5 26

7 50 1 5.5 3 4

8 60 1 10 1 48

9 50 1 5.5 5 26

10 40 1 1 5 26

11 60 1 1 1 26

12 40 1 1 1 4

13 40 1 10 1 26

14 60 1 1 5 48

15 60 1 10 1 4

16 40 1 10 5 4

17 40 1 10 5 4

18 50 1 1 5 4

19 40 1 1 1 48

20 60 1 1 5 48

21 60 1 5.5 3 26

22 60 1 10 1 4

23 40 1 10 5 48

24 60 1 5.5 5 4

25 60 1 10 1 48

Table 3: Design factors and actual coded by Design Expert ® ver.6.0,
(Response Surface Methodology ) with D-Optimal Design

Factor      Coded factor levels

-1 -0.5 0 0.5 1

       Actual factor levels

Temperature (°C) 40 45 50  55  60
Enzyme (%)  1  3.25  5.5  7.75 10
Time (hour)  4 15 26  37 48
C8:0 (mole)  1  2  3  4  5

Acidolysis Reaction:  Low calorie structured lipid (SL)
was synthesized through acidolysis reaction using sn-1,3-
spesific lipase of Thermomyces lanuginose (TLIM) among
25 samples with optimum parameter obtained from the
RSM. The TLIM enzyme used in this study was based on
selectivity of the sn-1 and sn-3 in the TAG [27]. Medium-
chain fatty acid used for acidolysis was caprylic acid
(C8:0). According to molecular mass calculation [28] 1 mol.
caprylic acid is equivalent to 144.22 g. Cocoa butter
substitute was melted at 60°C in an oven (Memmert ULM
500) and subsequently mixed with caprylic acid (C8:0) in
a 250 ml conical flask. The mixture was placed in an orbital
shaker (Innova 43) for 10 minutes before adding the
enzyme.  The  mixture  was left to react while shaking at
200 rpm for duration (Time) according to the experiment
design. Subsequently, the reaction was stopped by taking
out the conical flask from the orbital shaker and filtered
out the enzyme powder via Whatman no. 4 paper. 

Statistical Analysis: The data obtained from the ANOVA,
DUNCAN through Design-Expert  version 6 and SAS®

(Statistical analysis systems software) version 6.12 (SAS
Institute, Cary, NC) were used for the analysis of variance.
Contour plot of reactian curves were constructed for
optimal experimental parameters for structured lipid
synthesis.The experimental data will be analyzed by the
method of response surface regression model based on a
second order polynomial equation as follows:-

Y + X + X + X X  (1)i = o i i ii i ij i j
2

Determination of optimum factors being studied
included four parameters, where Y is the percent of solid
fat content (SFC) at 25°C, A (Temperature), B (Reaction
time), C (Enzyme percent) and D (C8:0). Then a second
order polynomial equation is as follows:

Y = + A + B + C + DC + A +o 1 2 3 4 11 22
2 2

+ C  + D  + AB + AC + AD +33 44 12 13 14
2 2

BC + BD + CD (2)23 24 34
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The above equation is important in determining the temperature). Blend coded S3 which consisted of 90%
suitability of the experimental data, when regression PMF, 5%VCO and5% CO which SFC with had 46.85% SFC
analysis is used to analyze the data form this experiment at 25 °C (Room temperature) compared to cocoa butter
applied to determined a graph plots of the response with 20.99% SFC. Thus, blend S3 was selected after
surface. The suitability of this polynomial equation acidolysis as the addition of caprylic acid(C8:0) caused its
models will be identified by determining the regression SFC to decrease approaching to the SFC of cocoa butter.
coeffient (R ) and accuracy(Adequate percision). While, Meanwhile, the S1 was not selected because the addition2

statistics from parameter will be analyzed by ANOVA of capyrilic acid caused the SFC to decrease but further
(Analysis of variance) to determine whether the from the SFC of cocoa butter.
experimental model provides significant value (P < 0.05) or
not (P > 0.05). Determination  of  Solid  Fat  Content  after  Acidolysis:

RESULTS AND DISCUSSION butter and was considered as a potential cocoa butter

Determination of Solid Fat Content Before Acidolysis blend that results from a short acidolysis with 1 mole
Reaction: Figure 1 shows the SFC profile of the ternary CBS,1 mole caprilic acid, 1% enzyme and 4 hours reaction
blends of palm mid fraction (PMF), virgin coconut oil with temperature 40°C. As a result of high acidolysis
(VCO) and canola oil (CO). Each type of fat has a different reaction (Using high temperature, longer reaction time and
melting point. A temperature below the melting point will higher % enzyme) its SFC was consided lower than the
cause fat to exist in two phases namely solid and liquid. SFC of cocoa butter.
The SFC was interpreted as the ratio of the solid to liquid
fat changed at a certain temperature. The value will affect Adjustment of the Statistitical Model for Solid Fat
the hardness, mouthfeel, heat resistance and melting Content Response at 25 °C: ANOVA analysis for SFC
properties of the end product [29]. response at 25°C showed the first order regression model

As shown in Fig. 1, higher ratio of PMF in a mixture, with  four  parameters  (3  variables  and 1-y intercept).
would increase SFC value as this may be due to the The value of F was 11.94, P>F = 0.0002, this model is
physical property of PMF which is solid at room significant. There is a probability of 0.01% lack of fit may
temperature.The SFC of cocoa butter was also studied occur depending on interference. Both of these
and compared with  other  samples.  Sample  1(82.5% circumstances  show that the proposed model  was fit to
PMF:12.5%VCO:5% CO) was found to have similar SFC as the data. The value of B, D, BC and CD indicated the
in  cocoa  butter  at 25°C (24.50% ) until 37.5°C (The body significant   different  (p<0.05).  This  showed  that  these

As shown in Fig. 2, blend A12 had SFC closest to cocoa

substitute (CBS) with better nutritional value. A12 was a

Fig. 1: Percent of solid fat content for cocoa butter and ternary blends of palm mid fraction (PMF), virgin coconut oil
(VCO) and canola oil (CO) in accordance with the different ratio of samples, S1 to S14 [S1=82.5%PMF:12.5%VCO:
5%CO,S2=63.75%PMF:12.5%VCO:23.75%CO,S3=90%PMF:5%VCO:5%CO, S4=62.5%PMF:20% VCO: 17.5%CO,
S5=75%PMF:20%VCO:5CO, S6=70%PMF: 12.5%VCO:17.5%CO, S7=50%PMF:20%VCO:30%CO,
S8=75%PMF:20%VCO: 5%CO, S9=50%PMF:20% VCO:30%CO, S10=90%PMF:5%VCO:5%CO, S11=65%
PMF:5VCO:30%CO, S12=57.5%PMF:12.5%VCO:30%CO, S13=65%PMF:5%VCO: 30%CO,
S14=80%PMF:8.75%VCO:11.25%CO]
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Fig. 2: Percent solid fat content after acidolysis of S3 (90%PMF:5%VCO:5%CO) with caprilic acid (C8:0) optimized by
RSM design for sample A1-A25

factors are the most influential factors. However, the value The Actual Value:
of R was 0.9467 and coefficient value of 0.8721 for the2

determination of adjusted R . The actual value for R was Y = 40.2935 - 0.53881A - 0.26907B – 0.26439C - 7.11716D2 2

-0.1274 and coefficient of variation was 33.00%. Adequate + 1.56700E-003A  - 0.023093B - 2.29326E-003C  +
precision of the statistical value was 11.060. If this value 0.37142D + 0.020181AB + 4.11285E- 003AC +
is more than 4, this model can be accepted. SFC value at 0.026464AD + 0.021673BC – 0.085049BD +
25°C represents the variable, y. Then, a polynomial 0.038574CD (4)
equation will be produced, in the form of a code:

Y = 8.23 - 0.85A + 3.57B + 1.25C - 6.06D + 0.16A  0.47B - (Lipase concentration, %), C (Reaction time, h) and D2 _ 2

1.11C + 1.49D  + 0.91AB + 0.90AC + 0.53AD + (mole of C8:0).2 2

2.15BC - 0.77BD + 1.70CD (3)

2 2 2

2

Where Y is the SFC at 25°C, A (Temperature, °C), B

Table 4: Data derived from experiments involing the interaction between four parameters in the enzymatic acidolysis of ternary blends S3
(90%PMF:5%VCO:5%CO) with C8:0

Code value and actual value SFC (%)
------------------------------------------------------------------------------------------ -----------------------------------------------------------------

Exp. Temp. CBS Time Enzyme C8:0 Actual Expected
Numbers (°C)-A (mole) (Hour)-C (%berat/berat)-B (mole)-D value value
1 60(1) 1  4(-1)  1(-1) 3(0)  0.35 1.47
2 50(0) 1  37(0.5)  3.25(-0.5)  2(-0.5) 12.48 8.92
3 40(-1) 1 26(0) 5.5(0) 3(0) 11.24 9.23
4 50(0) 1 26(0) 10(1) 3(0) 12.82  11.34
5 40(-1) 1 48(1) 10(1) 5(1)  8.84 8.64
6 60(1) 1 26(0) 10(1) 5(1)  5.46 6.74
7 50(0) 1 4(-1)  5.5(0) 3(0)  0.59 0.88
8 60(1) 1  48(1) 10(1) 1(-1)  20.52  20.83
9 50(0) 1  26(0)  5.5 (0) 5(1)  2.10 3.66
10 40(-1) 1  26(0)  1(-1) 5(1)  0.25 1.76
11 60(1) 1  26(0)  1(-1)  1(-1)  8.17 8.84
12 40(-1) 1  4(-1)  1(-1)  1(-1) 17.05  15.80
13 40(-1) 1  26(0)  10(1)  1(-1) 18.90  20.27
14 60(1) 1  48(1) 1(-1) 5(1)  0.00  -0.09
15 60(1) 1  4(-1) 10(1)  1(-1) 16.29  15.62
16 40(-1) 1  4(-1)  10(1) 5(1)  0.48 0.26
17 40(-1) 1  4(-1) 10(1) 5(1)  0.55 0.26
18 50(0) 1  4(-1)  1(-1) 5(1)  0.26  -1.53
19 40(-1) 1  48(1)  1(-1)  1(-1)  7.54 8.81
20 60(1) 1  48(1) 1(-1) 5(1) 0.00  -0.09
21 60(1) 1  26(0)  5.5(0) 3(0) 7.78 7.54
22 60(1) 1  4(-1)  10(1)  1(-1)  16.32  15.62
23 40(-1) 1  48(1) 10(1) 5(1) 8.84 8.64
24 60(1) 1  4(-1)  5.5(0) 5(1) 0.45  -1.47
25 60(1) 1  48(1)  10(1) 1(-1)  20.50  20.83
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Optimization of Parameters (temperature, time, enzyme reaction time versus temperature with 1 % of enzyme and
and C8:0) of Acidolysis Based on SFC Response at 25°C: 1 mole of C8:0. The percent value of SFC decreased
Fig. 3 to 8 show the effect of these parameters on different according to the increase in reaction time and reaction
levels of response (SFC at 25°C) can be described by two- temperature.
dimensional contour plots and 3D surface graphs of Fig. 6 shows the C8:0 versus temperature with 1%
response that obtained from Design Expert  ver. 6.0. Both enzyme and reaction time of 4 hours. The% SFC®

of these graphs showed the interaction between the 3 decreased with the increase in reaction temperature. C8:0
variables and 1 factor. versus reaction time with temperature of 40°C and 1% of

Fig. 3 shows the enzyme versus temperature with enzyme is shown in Fig. 7. The value of SFC decreased
reaction time of 4 hours and 1 mole of C8:0. According to with the increase in reaction time but increased with
the graph, the SFC decreased with increasing enzyme decreasing rection time. Fig. 8 shows theC8:0 versus
concentration (%) and reaction temperature. Reaction time enzyme with temperature of 40°C and reaction time of 4
versus enzyme with 1 mole of C8:0 and temperature of hours.The SFC percentage will be decreased as the
40°C is  shown  in  Fig.  4.  Meanwhile,  Fig.  5  shows  the amount of enzyme and C8:0 increase.

Fig. 3: Contour plot and response surface graph for solid fat content at temperature 25°C.Enzyme versus temperature
with reaction time of4 hours and 1 mole of C8:0.

Fig. 4: Contour plot and response surface graph for solid fat content at temperature 25°C.Reaction time versus enzyme
with 1 mole of C8:0 and temperature of 40°C.
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Fig. 5: Contour plot and response surface graph for solid fat content at temperature 25°C. Reaction time versus
temperature with 1 % of enzyme and 1 mole of C8:0.

Fig. 6: Contour plot and response surface graph for solid fat content at temperature 25°C. The 1 mole C8:0 versus
temperature with 1% enzyme and reaction time of 4 hours.

Fig. 7: Contour plot and response surface graph for solid fat content at temperature 25°C. The 1 mole C8:0 versus
reaction time with temperature of 40°C and 1% of enzyme.
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Fig. 8: Contour plot and response surface graph for solid fat content at temperature 25°C, C8:0 versus enzyme with
temperature of 40°C and reaction time of 4 hours.

CONCLUSIONS 3. Kinsella, J.E., 1988. Food lipids and fatty acids:

Based on the forecast of the six contour plots of the Food Technology, 42(10): 124-145.
RSM, it can be explained that when the reaction 4. Wu, B.C., D. Degner and D.J. McClements, 2013.
temperature, enzyme concentration, reaction time and Creation of reduced fat foods: Influence of calcium-
mole of C8:0 increased, the solid fat content will be induced droplet aggregation on microstructure and
decreased. A higher solid fat content at 25°C is desired rheology of mixed food dispersions. Food Chemistry,
physical characteristic of the CBS and to ensure that the 141: 3393-3401. 
chocolate incorporated with it will not melt at room 5. Ma, Z. and J. Boye, 2013. Advances in the design
temperature. Results of the surface response model and production of reduced-fat and reduced-
showed that adjustment of solid fat content at 25°C, cholesterol salad dressing and mayonnaise: a review.
reaches the optimum stage with the use of enzymes, 1% Food and Bioprocess Technology, 6(3): 648-670. 
at 40°C for 4 hours and 1 mole of C8:0. The optimum 6. Boff,  C.C.,  T.M.  Crizel,  R.R.  Araújo,  A.O.  Rios
expected value for each parameter was almost exactly with and  S.H.  Flôres,  2013.  Desenvolvimento de
the required and avalaible from the model (Desirability) sorvete de chocolate utilizandofibra de casca de
with the use of enzyme (0.95%), temperature (40°C), laranjacomo substitute de gordura. Ciência Rural,
reaction time (4 hours) and C8:0 (1.5 mole). 43(10): 1892-1897.
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