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Abbreviations: CBS, cocoa butter substitute; GC, gas 
chromatography; DSC, differential scanning calorimetry; SMUT, 
symmetric mono unsaturated triacylglycerols; PO, palm olein

Introduction
Cocoa butter (CB) is an essential ingredient in the chocolate 

production. The great symmetric mono unsaturated triacylglycerols 
(SMUT) content (about 80/100g) of CB is responsible for its unique 
physical characteristics, such as the dominating existence of stable β 
crystals and rapid melting at body temperature, thus provides chocolate 
with good snap, gloss and smooth mouthfeel. Chocolates are typically 
sweet, and it is one of the most popular food types and flavors in the 
world. Main commercial chocolate categories are dark, milk and white 
chocolates which differ in their content of cocoa solids, milk fat and 
cocoa butter. Jahurul et al.1 stated that milk chocolate appears to be 
favored throughout the United States compared to any other chocolate 
type. In 2012, over 50percent consumers preferred milk chocolate 
compared to any other chocolate types. Therefore, milk chocolate has 
always been a firm favorite in the world.

Many leading chocolate producers such as Hershey uses cocoa 
butter alternatives (CBAs) derived from Shea butter, palm oil or other 
sources to replace partially the cocoa butter. Other researchers have 
also carried out production of cocoa butter replacers (CBRs), cocoa 
butter equivalents (CBEs) and cocoa butter substitutes (CBSs) from 
various natural sources. All of these fats are obtained from a natural 
plant such as palm kernel oil (PKO), palm olein (PO), mango seed fat, 
soy oil, rapeseed oil, cotton oil, groundnut oil and coconut oil.1 Lauric 
CBS is economical vegetable fat to replace CB and have physical 
properties resembling those of CB. On the other hand, lauric CBS is 
used to replace a major part of the cocoa butter (CB) that is present in 
pure chocolate.

Unfortunately, chocolate made of fully CBS lacks the pleasant 
flavor that is typical of pure chocolate made of fully CB. The 
introduction of CB into CBS base chocolate may enhance the flavor, 
making it more desirable to the consumer. However, such CBS base 
compound chocolate presents outstanding problems associated with a 
poor tolerance between CBS and CB. The binary fat mixture and the 
corresponding chocolates have been extensively studied.2,3 A mix of 
CBS with CB may result in a eutectic state that will lead to softening 
and phase separation of chocolate products.4 This incompatibility is 
due to the significant difference in the fatty acid (FA) compositions 
and distributions between CB5 and the substitutes.

Researchers are still investigating the best formulation, a method 
of extraction, physical properties, rheological behavior and sensory 
perception of the compound chocolate. However, less information 
is available on determining the quality characteristic of 
compound chocolate after blending the CB with CBS. 
Therefore, the general objective of this study was to compare the 
quality characteristics of the compound milk chocolate blended with 
different ratio of CBS and CB with pure milk chocolate.

Materials and methods
There were six types of milk chocolate samples produced at 

Malaysian Cocoa Board, Nilai as shown in Figure 1. The ingredients 
used in the chocolate formulation included sugar, cocoa butter and 
cocoa liquor were purchased from Barry Callebaut Services Asia 
Pacific Sdn. Bhd., Port Klang, Selangor. Cocoa butter substitute 
(CBS) was purchased from MOI Food Sdn. Bhd., Port Klang, Selangor 
whereas full cream milk powder was purchased from Yummies Bakery 
Sdn. Bhd., Bandar Baru Bangi, Selangor. Table 1 shows formulation of 
the milk chocolate used in this study by referring to De Clercq et al.6
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Abstract

Cocoa butter substitute (CBS) base compound chocolate presents outstanding problems 
associated with a poor tolerance between CBS and cocoa butter (CB). This study focuses 
on the determination of the best blend (CBS: CB) of compound milk chocolate which 
has a similar characteristic as pure milk chocolate. The analysis includes color (Hunter 
Lab), fatty acid content (gas chromatography/GC), melting properties (Differential 
Scanning Calorimetry/DSC) and texture. Color (L value) of the compound chocolate 
(ratio of 20:80) was significantly (p<0.05) darker (25.50±0.20) than pure milk chocolate 
(27.22±0.32). GC analysis shows decreased of total lauric acid (41.17, 36.49, 23.77, 26.43, 
2.88 and 2.12 respectively) with the increased of CB (0% to 100%) and decreased of 
CBS (100% to 0%). DSC analysis also shows increased of CB addition (100:0, 60:40 and 
40: 60) in compound milk chocolate caused significant (p<0.05) reduction of Tpeak value 
(35.37°C±0.05, 33.90°C±0.00 and 30.24°C±0.13 respectively) compared to pure milk 
chocolate (29.96°C±0.00). The ratio 20:80 of compound milk chocolate shows similar 
quality characteristic as pure milk chocolate in terms of fatty acid composition (lauric acid 
2.88%) and hardness (2832.3±8.88). This finding highlights the application of CB and CBS 
blend in compound milk chocolate which may provide the best alternatives to the chocolate 
producer.

Keywords: cocoa butter, cocoa butter substitutes, melting profiles, milk chocolate and 
fatty acids
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Table 1 Formulations of compound and pure milk chocolates

Ratio (CBS: CB)/Ingredients Pure milk chocolate/ 
Control (0:100) 20:80 40:60 60:40 80:20 100:0

Cocoa liquor 9 9 9 9 9 9

Cocoa butter 26 21 16 10 5 -

Cocoa butter substitute (CBS) -         5 10 16 21 26

Full cream milk powder, sugar and lecithin 65 65 65 65 65 65

Total 100 100 100 100 100 100

Figure 1 Compound and pure milk chocolate containing different compositions of cocoa butter and cocoa butter substitute.

First, all of the ingredients for making the chocolates were mixed. 
The mixture of sugar, cocoa mass and cocoa butter need to be refined 
to a particle size of less than 30µm. After refining, the mixture was 
transferred to the conche (Pascal Engineering, England) for conching 
process and then manually tempered. It is important to temper the 
pure milk chocolate before moulding. However, the compound 
chocolate does not require tempering process. Approximately 2000g 
of chocolate was produced at every production cycle. The compound 
and pure milk chocolate were stored at a chill temperature (±16°C) 
for four weeks until further analysis. Before performing the analysis, 
the chocolates were melted in an oven (Memmert, Germany) at 45°C.7

Analysis of chocolates

Texture analysis

Hardness or degree of chocolate softening was measured by 
determining the maximum penetration force. A Texture Analyser 
Model TA‒XT2I (UK) was used to measure the depth of penetration 
of samples using the following parameters: Product height=10mm, 
penetration depth=6mm; probe needle PN2, temperature 20°C, pre-
speed 1.0mm/s, test speed=1.1mm/s, post speed=10.0mm/s and the 
duration time of the test took approximately 1 to 2min.8

Color analysis

Hunter Lab MiniscanTM XE Colorimeter Model 45/0LAV (Hunter 
Associates Inc., Reston, VA) calibrated with white ceramic reference 
standard was used to compare the color between chocolate sample. 
Color images of the chocolate surfaces were converted into XYZ 
tristimulus values, which were further converted to CIELAB system: 
The L* values represent lightness of color from 0 (black) to 100 
(white), a* values represent the degree of redness (+) or greenness 
(-), and b* values represent yellowness (+) or blueness (-).

Melting properties

Each type of the chocolate melting profiles was determined using 
Differential scanning calorimeter (DSC). The DSC is equipped 
with a thermal analysis data station and calibrated using indium and 
octadecane at a scan rate of 5°C/min using an aluminium pan as 
a reference. Samples (~5mg) were loaded into 40µl capacity pans 
with holes, which were sealed with lids using a sample press. Pans 
were heated at 5°C/min from 15–55°C in an N

2 
stream. Onset 

temperature (T
onset

), peak temperature (T
peak

), end temperature (T
end

) 
and enthalpy of melting (∆H

melt
) were calculated automatically by 

the software. Melting index (T
index

) was computed as (T
end-Tonset

), and 
measures duration of melting as described by Vasanthan & Bhatty9 and 
Afoakwa et al.10 Each sample was analyzed in triplicate whereas mean 
values, and standard deviations ware also reported.

Fatty acid methyl esters analysis

The chocolate fatty acid profile was determined according to 
AOCS Ce 1b-89.11 

Statistical analysis

Statistical analysis was performed using Minitab. The one-way 
analysis of variance (ANOVA) was employed while the significance 
was established using Tukey posthoc test. The probability level 
of p<0.05 was considered significant. All data were expressed as 
means±standard deviations (SD) of the values obtained.1

Results and discussion
Texture analysis

A penetration test was performed to evaluate the hardness of the 
milk chocolate bars. A milk chocolate bar was placed on the plate, 
and the probe penetrated the chocolate at 6mm depth. Hardness was 
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defined as the force required compressing a bolus of milk chocolate 
at 75% deformation. ANOVA (Table 2) shows there was a significant 
(p<0.05) different of the hardness of compound and pure milk 
chocolate containing a different ratio of CB and CBS.

Table 2 Texture values for compound and pure milk chocolate containing 
different compositions of cocoa butter (CB) and cocoa butter substitutes 
(CBS) 

Formulation (CBS:CB) Hardness (g.sec)

Compound milk chocolate (100:0) 2954.4±22.5b

80:20 1886.2± 6.0c

60:40 1466.3± 44.6e

40:60 1646.9±0.17d

20:80 2832.3±8.88b

Pure milk chocolate (0:100) 3301.5±96.4a

Chocolate made of hard lauric butter is very sensitive to the 
presence of CB.12,13 Addition of CB in compound chocolates had 
increased its hardness but softer than pure milk chocolate. Moreover, 
Williams et al.14 showed that mixing of CBS with CB resulted in 
a eutectic state which leads to a softening and phase separation of 
chocolate products. The effect remains unexplored.

Color analysis

The color of foods may be affected by various optical phenomena 
such as scattering and surface morphology. Therefore, an accurate 
understanding of the influence of surface topography on measured 
color is essential.15 The color was expressed following the CIEL*a*b*‒
system. The color measurement shows there was a significant (p<0.05) 
different in color between the compound and pure milk chocolate. 
The lower values for L* (lightness) indicates darker appearance 
than a higher value. The ratio of 60:40 (CBS: CB) shows the lowest 
L* mean value 25.50±0.20 which was darker than pure milk chocolate 
(27.22±0.32) and the appearance can also be referred to Figure 1. The 
difference in color between 60:40 ratio and pure milk chocolate might 
be due to the significant difference in the original color of both CB and 
CBS. The color seen by the naked eye was dark yellow for CB whereas 
CBS were white in color. However, the ratio of 100:0 (27.66±0.82) 
and 80:20 (28.04±0.48) show insignificant (p>0.05) difference in 
color compared to pure milk chocolate.

The color differences of the fats samples influence the color of the 
compound and pure milk chocolate.16

Liesbeth16 study shows the lightness L* value ranged from 26.80 
to 27.75; a* value ranged from 6.18 to 6.48 and b* value ranged from 
4.16 to 4.48 for formulated vegetable fats (CBE) added with CB. The 
formation of a crystal network with varying particle sizes also gives 
rise to scattering of the light and reduces the lightness of a chocolate 
made from cocoa butter.8 Due to the difference in crystallization 
properties, the crystal network could be influenced and giving rise to 
a difference in lightness of the compound and pure milk chocolate 
(Table 3).

Melting characteristics of chocolate compound

The importance of the determination of the melting character in 
finished products is the crystalline state and the proportion of solid fat 

present during chocolate manufacture. The chocolate melting profiles 
characterize changes and measures the relative amounts of each 
crystalline state using DSC.17‒20 Peak onset (T

onset
) corresponds to the 

temperature at which a specific crystal form starts to melt whereas peak 
maximum (T

peak
) corresponds to the greatest melting rate occurrence 

and end of melting (T
end

) shows completion of liquefaction. All these 
information are related to crystal type of cocoa butter.21

Table 3 Color measurements (L, a and b values) of the compound and pure 
milk chocolate 

Formulation (CBS:CB) L       a        b

100:0 27.66±0.82c 6.09±0.13c 6.36±0.25b

80:20 28.04±0.48c 6.40±0.22b 6.42±0.30b

60:40 25.50±0.20d 5.17±0.09e 4.48±0.10d

40:60 29.55±0.26b 6.63±0.07b 6.72±0.08b

20:80 36.75±0.51a 8.32±0.14a 10.13±0.15a

Pure milk chocolate (0:100) 27.22±0.32c 5.59±0.20d 5.38±0.14c

a,b,c,d Different letter indicates significant different between rows under same 
column

In this study, melting of the compound and pure milk chocolate 
had caused a negative (endothermic) heat effect. The peak is an 
interpretation of change in the differential heat flow, which is caused 
by the changes in the samples associated with absorption or evolution 
of heat. There is a direct correlation between the area under the peak 
and enthalpic change, and this direction will indicate whether the 
thermal event is endothermic or exothermic.22

Increased of CB addition from 80:20 to 0:100 (CBS: CB) caused 
significant (p<0.05) reductions in T

end value from 40.13 to 37.13°C. 
These explained that higher CBS in milk chocolate required a longer 
time to melt than pure milk chocolate that has fully CB.23 Wang et al.23 
found that eutectic effect existed, and Tend ranged from 40 to 45°C 
in the mixture of CB and CBS. This finding indicates the importance 
of the different components of CB and CBS in milk chocolate and 
how it can be fully exploited for application in milk chocolate. The 
DSC (Table 4) indicates that varying composition of CB and CBS 
produced changes in melting properties as observed in the different 
of the peak widths.

The T
peak for CB with melting rate at 29.96°C was similar to the 

previous study who also stated that melting of cocoa butter takes place 
from 15 to 36°C, depending on the polymorphic form.24 The steepness 
of the curve of the cocoa butter contributes to the flavor release. The 
flavor is released in a relatively short time leading to an intense flavor 
because of its melting profiles. Next, to the flavor release, the sharp 
melting profile handles the cooling sensation in the mouth, due to 
heat absorbed by the fat to melt.25 The pure milk chocolates began to 
melt easily than the compound chocolate. However, the ratio of 80:20 
(CBS: CB) showed insignificant (p>0.05) Tpeak value (29.97°C) 
compared to pure milk chocolate (29.96°C). This knowledge is 
important as it provides information on likely oral melting behavior 
with an impact on temporal components of flavor release and also oral 
epithelial sensation.26

Fatty acid methyl esters analysis

The fatty acid composition of fat is one of the most important 
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parameters to govern the physical properties as well as the polymorphic 
behavior of the fat.4 The fatty acid analysis of the compound and pure 
milk chocolate show that the milk chocolate with 100% CBS and 
0% CB had significantly (p<0.05) the highest composition of lauric 
acid (41.15%) and myristic acid (14.51%). However, it has the lowest 
percentage of oleic acid (7.15%) and linoleic acid (2.39%) which are 
the dominant unsaturated fatty acids as compared to others (Table 5). 
In addition, saturated fatty acids include three types of fatty acids, 
namely lauric (C12:0), myristic (C14:0), and stearic (C18:0) acids, while 
unsaturated fatty acids include two types of fatty acids, namely oleic 
(C18:1) and linoleic (C18:2) acids. Other fatty acids were also present 
in the milk chocolate in a small amount.27

From Table 5, the major fatty acids found in the compound and pure 
milk chocolate were lauric acid, palmitic acid, stearic acid and oleic 

acid. Increased of (0%–100%) CB and decreased of (100%–0%) CBS 
in the blends have caused a gradual increased of the total stearic acid 
(18.20, 22.11, 22.18, 20.50, 30.68 and 30.96 respectively). Meanwhile, 
the amount of lauric acid was found to gradually decreased (41.17, 
36.49, 23.77, 26.43, 2.88 and 2.12 respectively) with the increased 
(0%‒100%) of CB and decreased the content of CBS for (100%‒0%). 
The lauric acid contributes to soapy taste to the compound chocolate. 
A soapy taste found in a compound chocolate based made of 
CBSs can only occur in the presence of a lipase and sufficient water.28 
The composition of the different fatty acid varies with the origin of 
the CB thus the natural variations were considered.29 In addition, the 
variations within a single country can also be significant as a function 
of crop, or region. These variations affect the fatty acid composition 
of the chocolate, hard or soft texture, and that the texture is a direct 
result of the fatty acid composition.30

Table 4 Melting properties of compound and pure milk chocolate containing different composition of cocoa butter (CB) and cocoa butter substitutes (CBS) 

Formulation (CBS:CB) Tonset (°C) Tend (°C) Tpeak (°C) ∆Hmelt (J/g)

100:0 27.53±0.04cd 39.38±0.02ab 35.37±0.05a 25.66±0.30a

80:20 27.64±0.08bc 40.13±0.59ab 29.97±0.09d 12.74±0.69b

60:40 27.71±0.05b 42.67±0.28a 33.90±0.00b 25.35±1.04a

40:60 27.72±0.08ab 40.49±3.02ab 30.24±0.13c 12.48±3.70b

20:80 27.86±0.04a 37.70±2.24b 30.08±0.13cd 8.82±2.80b

Pure milk chocolate (0:100) 27.48±0.00d 37.13±0.64b 29.96±0.00d 8.85±0.78b

a,b,c,d Different letter indicates significant different between rows under same column

Table 5 Composition of fatty acid (%) in the compound and pure milk chocolate

Formulations (CBS: CB)
Composition of fatty acid (%)

C8 C10 C12 C14 C16 C16:1 C18 C18:1 C18:2 C18:3 C20

100:0 3.02 2.91 41.15 14.51 10.18 - 18.2 7.15 2.39 0.24 0.25

80:20 2.6 2.54 36.45 12.73 12.76 0.06 22.11 8.81 1.34 0.14 0.4

60:40 1.74 1.67 23.77 8.39 16.2 0.1 22.18 20.19 4.64 0.47 0.55

40:60 1.89 1.84 26.43 9.35 15.06 0.09 20.5 18.58 5.17 0.54 0.48

20:80 0.23 0.2 2.88 1.14 23.5 0.2 30.68 33.84 5.63 0.52 0.99

0:100 0.22 0.2 2.12 0.83 23.43 0.2 30.96 34.23 5.83 0.55 1.01

*FAC, fatty acid composition; C8:0, caprylic acid; C10:0, capric acid; C12:0, lauric acid; C14:0, myristic acid; C16:0, palmitic acid; C16:1, palmitoleic acid; C18:0, stearic 
acid; C18:1, oleic acid; C18:2, linoleic acid; C18:3, linolenic acid; C20:0, arachidic acid

CBS is a rich source of lauric acid, C12 (48.3%) and other major 
fatty acids such as myristic acid, C14 (15.6%), and oleic acid, C18:1 
(15.1%). The level of fatty acids such as lauric (C12) and myristic (C14) 
was present in CB as a trace or very low amount whereas the amount of 
palmitic (C16), stearic (C18:0), and oleic (C18:1) acids was high. The 
different composition of fatty acid might be due to the blending of 
two fats from different sources i.e. CBS and CB. The ratio 100: 0 
(CBS:CB) contain about 40% of lauric acid and about 10% of palmitic 
acid in CBS made from hydrogenated palm kernel oil (HPKO).23,31,32 
Although CBS contains a high level of lauric and myristic acid, it is 
widely used as a suitable raw material in confectionery.33 Therefore, 
the compound milk chocolate containing 20% CBS and 80% CB 
(20:80) shows similar fatty acids composition as pure milk chocolate.

Conclusion
In this study, the different composition of CBS and CB in milk 

chocolates significantly (p<0.05) affected the product quality 
characteristics. The ratio 20:80 (CBS: CB) compound milk chocolate 
had similar characteristics with pure milk chocolate in terms of fatty 
acid composition (lauric acid 2.88%) and hardness (2832.3±8.88). 
The suitable blend of compound chocolate may provide the best 
alternatives for the chocolate producer.
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