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Samenvatting 
Alhoewel cacaoboter het ideale ingrediënt is voor de productie van chocolade, de variërende 

aanvoer en de stijgende prijs dwingen de producenten om alternatieven te vinden zoals 

cacaoboterequivalent. Het doel van dit onderzoek was het bestuderen en vergelijken van de 

eigenschappen van commercieel beschikbare cacaoboterequivalenten (CBEs), met de 

eigenschappen van cacaoboter. Daarnaast werd ook harde palm mid fractie (PMF), vaak gebruikt 

in de productie van CBEs, meegenomen in de studie. Vervolgens werd hun invloed op de kwaliteit 

van chocoladeproducten geëvalueerd. 

In het eerste deel van dit onderzoek werden de fysico-chemische eigenshappen van de CBEs 

vergeleken met deze van cacaoboter. De CBEs en PMF bevatten een vergelijkbare (12,0% - 13,8%) 

maar significant lagere hoeveelheid POSt ten opzichte van cacaoboter (38,7%). De CBEs werden 

onderverdeeld in twee groepen afhankelijk van de hoeveelheid POP en StOSt. Groep 1 bevatte 

minder POP en meer StOSt in vergelijking met groep 2. Vervolgens werd het kristallisatie- en 

smeltgedrag geëvalueerd, verschillen werden vastgesteld tussen de twee groepen. De 

kristallisatie van groep 1 leunde het dichtst aan bij dat van cacaoboter, de CBEs van groep 2 

daarentegen kristalliseerden veel trager. De kristallisatie bij 20°C en 26°C werd in beeld gebracht 

met behulp van gepolariseerd licht microscopie. Verschillenen in morfologie werden aangetoond 

tussen beide groepen. De temperatuur beïnvloedde eveneens de kristallisatie: bij 20°C kwamen 

korrelachtige kristallen voor, terwijl bij 26°C naaldachtige kristallen werden gevormd. Textuur 

analyse werd uitgevoerd op getempereerde stalen bewaard bij 20°C en 26°C. Bij 26°C is 

cacaoboter harder dan de CBEs, de CBEs van groep 2 hadden een significant lagere hardheid. 

In het tweede deel, werd de invloed van CBEs op de kwaliteit van de chocolade producten 

onderzocht. Om dit te doen werden volgende chocolade producten geproduceerd: een referentie 

chocolade, waaraan enkel cacaoboter werd toegevoegd, chocolades met 5% CBE op product basis 

en imitatiechocolades, waarin alle cacaoboter vervangen werd door CBE. Het smeltgedrag van de 

imitatiechocolades met CBEs van groep 1 vertoonden een bredere smeltpiek. Reologie werd 

uitgevoerd om het vloeigedrag te bestuderen. Er werd enkel verschil aangetoond in vloeigrens, de 

viscositeit was gelijk voor alle chocolade producten. De breekbaarheid en hardheid van de 

chocolade producten werd bepaald. Bijna alle chocolade producten hadden een lagere hardheid 

in vergelijking met referentie chocolade, vooral de imitatiechocolades geproduceerd met CBEs 

van groep 2 waren zachter.  

Alhoewel verschillen vastgesteld werden met behulp van de instrumentele analyse, hadden 

consumenten en een getraind panel moeilijkheden om de referentie chocolade van de andere 

chocolade producten te onderscheiden.  
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Summary 
Although cocoa butter is the ideal ingredient for the production of chocolate, the varying supply 

and increasing price drive the manufacturers to find alternatives like cocoa butter equivalents. 

The aim of this research was to investigate and compare the properties of commercially available 

cocoa butter equivalents (CBEs) with the properties of cocoa butter. Furthermore, hard palm mid 

fraction (PMF), often used in the production of CBEs, was studied. Subsequently their influence on 

the quality of chocolate products was evaluated. 

In the first part of this research, the physicochemical characteristics of the CBEs were compared 

to those of cocoa butter. The CBEs and PMF contained a comparable (12,0% to 13,8%) but 

significantly lower amount of POSt compared to cocoa butter (38,7%). The CBEs could be divided 

into two groups based on the amount of POP and StOSt. The CBEs of group 1 contained less POP 

and more StOSt compared to group 2. The crystallization and melting behaviour was examined 

and revealed differences between the groups. The crystallization of group 1 resembled that of CB, 

the CBEs of group 2 on the other hand, crystallized much slower. The crystallization at 20°C and 

26°C was visualized using polarized light microscopy. Different morphologies were demonstrated 

between the two groups. The temperature also influenced the morphology; at 20°C granular 

crystals occurred, while at 26°C needle crystals were formed. Texture analysis was performed on 

tempered samples stored at 20°C and 26°C. At 26°C, cocoa butter was harder than the CBEs while 

CBEs of group 2 showed a significantly lower hardness. 

In the second part, the influence of CBEs on the quality of the chocolate products was evaluated. 

Therefore the following products were produced: a reference chocolate, only containing cocoa 

butter, chocolates with addition of 5% CBE on product base and compounds, in which all cocoa 

butter was replaced by CBE. The melting behaviour of the compounds produced with CBEs of 

group 1 had a broader melting peak. Rheology was performed to analyse the flow behaviour, only 

differences were demonstrated in yield stress, the viscosity was similar for all chocolate products. 

Texture analysis were performed to determine the fracturability and hardness of the chocolates. 

Almost all chocolate products had a significantly lower hardness compared to the reference 

chocolate, especially the compounds produced with CBEs of group 2 were softer.  

Although with instrumental analyses differences were observed, the consumers and trained panel 

had difficulties to distinguish the chocolate products produced with CBEs. 
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Introduction 
Cocoa butter is an essential ingredient in chocolate, however some disadvantages force the 

industry to develop alternatives. The supply of cocoa is variable and uncertain. Due to the limited 

supply and the high demand, the price is high and can fluctuate in time depending on the crop 

yield (Smith, 2001). The price of cocoa in 2006 was on average 1590 US$ per tonne while in 2011 

(January until May) the price has doubled to 3140 US $ per tonne (ICCO, 2011). Therefore the 

industry is looking for alternatives for cocoa butter. Cocoa butter equivalents (CBEs) are non-

lauric vegetables fats used to replace cocoa butter in the production of chocolate products. CBEs 

have similar chemical en physical properties. The use of CBEs in chocolate products is regulated 

by the EU Directive 2000/36/EC.  

The aim of this research was to investigate and compare the physicochemical properties of 

commercially available (CBEs) and hard palm mid fraction, often used in the production of CBEs, 

with the properties of cocoa butter. Subsequently their applicability in chocolate products was 

evaluated by their influence on the quality parameters of chocolate products. 

Part 1 discusses the physicochemical characteristics of one reference cocoa butter, eight CBEs and 

hard PMF. The fatty acid composition, the triacylglycerol composition and the minor components 

present in the samples were determined. The crystallization and melting behaviour of the CBEs, 

measured by differential scanning calorimetry and pulsed nuclear magnetic resonance, was 

compared to that of cocoa butter. Polarized light microscopy was performed to follow the 

isothermal crystallization visually over a six week period. Texture analyses were executed to 

determine the hardness of the samples. 

In the second part, a reference chocolate with cocoa butter, chocolates with 5% CBE on product 

base and compounds with full fat replacement were produced. The influence of CBEs in these 

chocolate products was evaluated based on quality parameters of the chocolate products. The 

flow behaviour of liquid chocolate was examined by rheological experiments. The chocolate 

products were tempered, subsequently the fracturability, hardness, colour and melting behaviour 

were observed. Based on these quality parameters, the chocolate products with CBEs were 

compared to the reference chocolate. Finally, the instrumental analyses were linked to sensorial 

tests performed by consumers and a trained panel.  
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1 Literature study 
1.1 Cocoa butter 

1.1.1 Introduction 

Cocoa butter (CB) is extracted from the cocoa bean, the seed of the Theobroma cocoa tree. The 

three main Theobroma varieties are Criollo, Forastero and Trinitario. The beans and pulp are 

removed from the pod and collected in heaps, boxes or wooden baskets where the fermentation 

occurs. The fermentation is the first step in the flavour development by producing flavour 

precursors. The chemistry of the fermentation within the cocoa bean is still under study 

(Afoakwa, 2010). After fermentation the beans are dried. The beans are spread out on mats, trays 

or terrace on the ground to dry in the sun. Afterwards the beans are roasted, as such flavour 

develops from the precursors formed during fermentation and drying (Kamphuis, 2009). The 

beans are then cracked and the shell is removed to give cocoa nibs (Beckett, 2009d; Fowler, 

2009). These nibs are ground to cocoa mass, an important ingredient of chocolate. Extra cocoa 

butter is needed to make chocolate, therefore cocoa butter is extracted from the cocoa beans 

and cocoa mass by pressing process, by expulsion in a expeller press or by solvent extraction 

(Smith, 2001). 

Cocoa butter generally acts as the continuous phase in chocolate, supporting the nonfat 

ingredients (Smith, 2001). This continuous phase has a major influence on the properties of 

chocolate, it is responsible for the ‘snap’, gloss, heat stability, mouth feel and flavour release. The 

shelf life of chocolate is also determined by the used fat. Fat bloom and fat migration are 

influenced by the fat or combination of the fats (Norberg, 2006). 

1.1.2 Chemical properties 

Cocoa butter mainly consists of triacylglycerols (97%). The remaining 3% are minor components, 

such as free fatty acids (FFA), mono- and diacylglycerols, phospholipids etc. (Smith, 2001). 

1.1.2.1 Fatty acid composition 

A triacylglycerol consists of a glycerol backbone esterified with three fatty acids (FA). In CB, the 

main fatty acids (95% of total) are palmitic (P, C16:0, 20 to 26%), stearic (St, C18:0, 29% to 38%) 

and oleic (O, C18:1, 29% to 38%)) acid. Next to these fatty acids also linoleic (L, C18:2, 2% to 4%) 

and arachidic acid (A, C20:0, ± 1%) are present in considerable amount. The ratio of these fatty 

acids varies depending on the origin of the CB. (Talbot, 2009b; Smith, 2001) 
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1.1.2.2 Triacylglycerol composition 

Cocoa butter has a relative simple triacylglycerol (TAG) composition compared to other fats. 

According to Van Malssen et al. (1996) 70% to 88% of the total triacylglycerols present in CB are 

symmetrical mono-unsaturated triacylglycerols of the SatOSat-type (disaturated oleylglycerol). 

The main triacylglycerols are 1,3-dipalmioyl-2-oleoyl-glycerol (POP), rac-palmitoyl-stearoyl-2-

oleoyl-glycerol (POSt) and 1,3-stearoyl-2-oleoyl-glycerol (StOSt). The amount of these TAGs in the 

cocoa butter varies with the origin of the cocoa bean, but the average amount of POSt, StOSt and 

POP is around 35%, 23% and 15% respectively (Afoakwa et al., 2008a). Due to this triacylglycerols 

composition, cocoa butter quickly melts over a narrow temperature range (Talbot, 2009b). Next 

to these triacylglycerols also monosaturated dioleolyglycerols (SatOO) and disaturated-2-

linoleoyl-glycerols (SatLSat) are present in appreciable amount (Van Malssen et al., 1996). The 

triacylglycerols of cocoa butter crystallize in a high-melting fraction (mainly StOSt) and a low-

melting fraction (mainly POP and POSt) (Norberg, 2006).  

There are some differences between CB of different origins, especially in the SatOSat/SatOO ratio. 

SatOSat TAGs are solid at room temperature, while SatOO TAGs are more liquid. Brazilian CB with 

a high level of SatOO is considered less solid than Ghanaian CB. Whereas Ghanaian CB is less solid 

than Malaysian CB. (Talbot, 2009b) 

1.1.3 Physical properties 

1.1.3.1 Polymorphism 

Cocoa butter is a strong polymorphous fat as a result of its triacylglycerol composition. Up till now 

the number and type of polymorphs are still subject of discussion. Van Malssen et al. (1999) 

stated that cocoa butter can crystallize into six different polymorphic forms, this is in accordance 

with the studies published by Wille and Lutton (1966) (Timms, 2003). Merken and Vaeck (1980) 

report only five polymorphic forms. They claim the absence of differences between forms III and 

IV. They also suggest that Form VI is formed via phase separation. According to the theory of Van 

Malssen et al. (1999), form I, II, III and IV are metastable polymorphic forms and can be obtained 

directly from a complete melt. If the melt is cooled rapidly (0,25°C min-1) at low temperature (-5°C 

to 22°C), form I and II occur. Form III and IV are formed at moderate temperature (20°C to 27°C), 

by cooling at less than 0,25°C min-1. The most stable forms V and VI do not crystallize directly from 

a melt, but appear via recrystallization from a metastable polymorphic form (Loisel et al., 1998; 

Van Malssen et al., 1999). A schematic overview is given in Figure 1.1. Polymorph V is the desired 

form for tempered chocolate. If chocolate is under-tempered, form IV is found. Polymorphic form 
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VI is typical for fat bloom (Timms, 2003). The  -polymorphic form of POP, POSt and StOSt has a 

melting point of respectively 36,4°C; 34,9°C and 40,8°C (Cebula & Smith, 1991). 

 

Figure 1.1. Polymorph phase transition (after Van Malssen et al., 1999). 

1.1.3.2 Melting and crystallization behaviour 

The melting of cocoa butter takes place from 15 to 36°C, depending on the polymorphic form 

(Huyghebaert, 1971). The solid fat content (SFC) is the amount of solid fat present in a fat. The 

SFC curve of CB is characterized by typical zones, as shown in Figure 1.2. The SFC below room 

temperature (25°C) is an indication of the hardness of the fat. The heat resistance of a fat can be 

deduced from the solid fat present between 25°C and 30°C. If the fat has a relatively high solid fat 

content at temperatures above 37°C (body temperature), it can cause a waxy mouth feel (Talbot, 

2009b; Torbica et al., 2006). The steepness of the melting profile of coca butter contributes to the 

flavour release. Because of its characteristic melting profile, the flavour is released in a relative 

short time leading to an intense flavour. Next to the flavour release, the sharp melting profile is 

responsible for the cooling sensation in the mouth, due to heat absorbed by the fat to melt. 

(Smith, 2001) 
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Figure 1.2. Solid fat content of cocoa butter measured by pNMR (from Foubert, 2003). 

 

The kinetics of fat crystallization, depending on the composition and the processing conditions, 

are important to produce the desired product characteristics (Foubert et al., 2008). Many 

researchers have tried to model the isothermal crystallization behaviour of cocoa butter. Foubert 

et al. (2002) developed a model to describe the kinetics of isothermal crystallization of fats. This 

model is, in contrast to the Avrami model and the Gompertz models, written in a differential 

equation, as shown below. In the Foubert equation four parameters, namely t_indx, K, aF and n, 

are used. t_indx [h] is defined as the time needed to obtain x% of crystallization, x is chosen to be 

1. K [h-1] is the rate constant. aF [Jg-1] is the maximum amount of crystallization and n [-] is the 

order of the reverse reaction (Foubert, 2003).  

 

Temperature is an important factor in the crystallization of cocoa butter. A higher temperature 

leads to a higher induction time (t_indx). The rate constant, K, decreases as temperatures 

increases. The order of the reverse reaction, n, decreases until a temperature of 20,5°C to 21,5°C , 

once this temperature is reached the order remains constant. The equilibrium amount of solid fat 

decreases with increasing temperature. (Foubert, 2003) 
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The chemical composition can influence the crystallization kinetics. The SFC and the induction 

time are mainly influenced by the triacylglycerol composition. Chaiseri & Dimick (1989) showed 

that the SFC depends on the amount of di-unsaturated triacylgycerols present in the fat. The 

higher the di-unsaturated triacylglycerol amount, the softer the fat. Fats with higher 

concentration of POO and StOO and a lower concentration of POSt and StOSt, have a longer 

induction time (Chaiseri & Dimick, 1995). According to Foubert et al. (2004) t_indx, aF and n are 

influenced by the ratio of saturated to unsaturated fatty acids and the ratio of monounsaturated 

to diunsaturated TAGs. The diacylglycerols (DAGs) and FFA have a similar negative effect on the 

equilibrium amount of solid fat, the growth rate and the polymorphic transition.  

1.2 Cocoa butter alternatives 

CB can be replaced by other vegetable fats, collected under the name cocoa butter alternatives 

(CBAs). The CBAs are divided into different categories according to their functionality and 

similarity to cocoa butter (Lipp & Anklam, 1998a). The first group is the cocoa butter equivalents 

(CBEs), these non-lauric fats have similar physicochemical characteristics as CB and are therefore 

compatible with cocoa butter. They are used for (partial) replacement of CB in chocolate. The 

other two groups are the non-lauric cocoa butter replacers (CBRs) and the lauric cocoa butter 

substitutes (CBSs). Those fats are physically similar, but have other chemical characteristics. CBRs 

are only compatible with CB in small ratios and CBSs are completely incompatible. CBRs and CBSs 

are often used for compounds to use as ‘chocolate’-coating for ice cream. An overview of the 

classification of the different CBAs is given in Table 1.1.  
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Table 1.1. Overview of the CBAs. 

 CBE CBR CBS 

Origin 

Illipe butter 

Palm oil 

Sal fat 

Shea butter 

kokum butter 

Mango kernel fat 

Palm oil 

Soybean oil 

Rapeseed oil 

Cottonseed oil 

Palm kernel oil 

Coconut oil 

Processing 
Hydrogenation 

Fractionation 

Hydrogenation 

Fractionation 

Hydrogenation 

Fractionation 

Interesterification 

TAG composition Similar to CB Different from CB Different from CB 

Lauric acid Non lauric Non lauric 
Lauric  

(45-55% lauric acid) 

Compatibility to CB Compatible 
Compatible in small 
ratios  

Incompatible 

Crystallization 
Tempering to obtain 
stable polymorphic form 

Crystallize directly from 
the melt in the stable 
polymorphic form 

Crystallize directly from 
the melt in the stable  
polymorphic form 

Application 

* 5% replacement on 
total product 

* compound 

Compound Compound 

Remark 

Subgroups: 

* cocoa butter extender 
(CBEX) 

* cocoa butter improver 
(CBI) 

High level of trans fatty 
acids 

 

(Stewart & Timms, 2002; Talbot, 2009b; Norberg, 2006; Timms, 2003) 

1.3 Cocoa butter equivalents 

1.3.1 Properties and legislation 

The cocoa butter equivalents are subdivided into two groups. The first group, the cocoa butter 

extenders (CBEX), are not mixable in every ratio with cocoa butter. The second group, the cocoa 

butter improvers (CBI), are characterised by a high content of StOSt. StOSt increases the solid fat 

content and as such the melting point and the hardness of chocolate. Chocolates with CBIs have 

better resistance to softness and fat bloom at higher ambient temperatures, such as in summer or 

in tropical climates (Lipp & Anklam, 1998a; Timms, 2003). Illipe butter, shea fraction and kokum 

fat have a higher content of StOSt (see section 1.3.2) and have been reported to impart these 

qualities and can therefore be used to harden cocoa butter and chocolate products (Maheshwari 

& Reddy, 2005). 
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In 2000 the European Union established the EU Directive 2000/36/EC relating to cocoa and 

chocolate products intended for human consumption. Vegetable fats used in chocolate should 

meet the following requirements: 

 They are non-lauric vegetable fats, which are rich in symmetrical monounsaturated 

triacylglycerols of the type POP, POSt and StOSt; 

 They are miscible in any proportion with cocoa butter, and are compatible with its 

physical properties (melting point and crystallization temperature, melting rate, need for 

tempering phase); 

 They are obtained only by the processes of refining and/or fractionation, which excludes 

enzymatic modification of the triacylglycerol structure. 

This means that the CBE needs to have the same melting behaviour as cocoa butter, the chocolate 

production process needs to be identical. The appearance and fat bloom free shelf-life of 

chocolate products containing CBEs should be at least identical to products based on CB alone 

and the chocolate needs to have good flavour stability. (Bockisch, 1998; Talbot, 2009b) 

Prior to 2003 any vegetable fat could be used, provided it met the properties mentioned above. 

But since, 3rd of august 2003 an amendment on the EU Directive 2000/36/EC stated that only the 

six vegetable fats mentioned in Table 1.2 can be used in chocolate. The addition of these fats 

cannot exceed 5% of the finished product after deduction of the total weight of any other edible 

matter used, without reducing the minimum content of cocoa butter or total dry cocoa solids. 

Table 1.2. Vegetable fats allowed for use as CBE in chocolate following EU Directive 2000/36/EC. 

Usual name of vegetable fat 
Scientific name of the plants from which the fats 

listed can be obtained 

Illipe, Borneo tallow or Tengkawang Shorea spp. 

Palm oil Elaeis guineensis, Elaeis olifera 

Sal Shorea robusta 

Shea Butyrospermum parkii 

Kokum gurgi Garcinia indica 

Mango kernel Mangifera indica 

 

Coconut oil is an exception as it may be used in chocolate for the manufacturing of ice cream and 

similar frozen products.  
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Chocolate products which contain vegetable fats other than cocoa butter following the EU 

Directive, may be marketed as chocolate, provided that their labelling is supplemented by a 

clearly legible statement: ‘contains vegetable fats in addition to cocoa butter’. This statement 

must be in the same field of vision as the list of ingredients, in lettering at least as large and in 

bold with the sales name nearby. (EU,2000) 

Countries outside the EU have their own national regulations. For example the United States do 

not permit the use of vegetable fat other than CB in chocolate, but do allow its use in ‘chocolate 

and vegetable fat coatings’. Also the Codex Alimentarius standard STAN 87-1981 was revised in 

2003 (FAO/WHO, 2003) to permit the use of vegetable fats in chocolate up to a level of 5% of the 

finished product. Most countries permit higher levels of CBEs in chocolate, but these products 

cannot be labelled ‘chocolate’. Coatings where all CB is replaced by CBE are often called 

supercoatings (Talbot, 2009b). 

1.3.2 Sources for CBE 

The most commonly used exotic vegetable fats are palm oil, illipe and shea. Next to these fats also 

sal, kokum gurgi and mango kernel are allowed. Although the European legislation only allows 

these five fats, other fats have been successfully used as CBE in the past, for example aceituno oil 

and dhupa fat. (Timms, 2003) 

1.3.2.1 Palm oil 

Palm oil is extracted from the flesh of the fruit of Elaeis guineensis without using a solvent. Up to 

80% of the fatty acids are palmitic and oleic acid. Palm oil contains mainly POP and POO (Bockisch, 

1998). Palm oil can be fractionated in palm olein and palm stearin. Fractionation is used to 

concentrate particular triacylglycerols. The fat is melted and then slowly cooled to produce 

crystals. These crystals are separated by filtration. Without the use of a solvent this is called dry 

fractionation, but sometimes solvents are used to facilitate the separation of the crystals from the 

liquid. Mostly hexane, acetone and 2-nitro-propane are used as solvent for wet fractionation 

(Bockisch, 1998). Acetone, a polar solvent, is preferred to hexane because of its effectiveness in 

removing diglycerides and other polar lipids (Stewart & Timms, 2002). By further fractionation of 

the olein fraction, soft palm mid-fraction (PMF) is produced (Timms, 2003). The stearin 

fractionation of soft PMF is hard PMF and is often used in chocolate and other confectionery 

products (Vereecken, 2010). 
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1.3.2.2 Illipe butter 

Illipe butter is derived from the nuts of the illipe tree (Shorea stenoptera). Another name for illipe 

butter is Borneo tallow or Tenkgawang. The kernel contains between 45% and 70% fat (Bockisch, 

1998). The fat has a relatively high level of POSt and StOSt, therefore resembles very well to cocoa 

butter (Storgaard, 2000). The high level of POSt results in a high SFC at 20°C (Timms, 2003). Before 

its use, this fat must be refined. 

1.3.2.3 Kokum butter 

Kokum butter is extracted from the seed kernels of the kokum tree (Garcinia indica). The kokum 

kernel contains on average 45% fat. The refined fat has a high level of StOSt, which results in a 

high SFC at 35°C. This fat must be refined before using it in chocolate, but it does not need 

fractionation. If the fat is fractionated, a stearin fraction is obtained with a very high level ( ± 90%) 

of SatOSat triacylglycerols. (Timms, 2003) 

1.3.2.4 Mango kernel fat 

From the seed kernels of the fruit of the mango tree (Mangifera indica), mango kernel fat can be 

obtained. As only 6 to 15% of fat is present in the kernel, solvent extraction needs to be applied. 

64% of the triacylglycerols are monounsaturated of which 40,6% StOSt. Solvent fractionation is 

performed to obtain higher levels of StOSt. The fractionation is followed by a refining process. 

(Timms, 2003) 

1.3.2.5 Sal fat 

Sal fat is obtained from the seeds of the sal tree (Shorea robusta). Only 14% to 18% hard fat is 

present in the seeds and is extracted by hexane. It contains 56% of SatOSat triacylglycerols and a 

considerable amount of arachidic acid. Sal fat needs to be refined and fractionated to obtain a 

fraction with higher concentration of SatOSat triacylglycerols. (Timms, 2003; Storgaard, 2000) 

1.3.2.6 Shea butter 

Shea butter comes from the nuts of the shea tree (Butyrospermum parkii). This fat is sometimes 

called Karité butter or Galam butter. The kernel contains approximately 40% to 60% fat. The fat 

has a very high content of non-triacylglycerol matter. Shea butter has a low content (± 39%) of 

SatOSat triacylglycerols, the main SatOSat triacylglycerol present is StOSt, therefore the stearin 

fraction is mostly used. Next to fractionation, a refining step needs to be done. (Timms, 2003) 
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1.3.3 Production 

CBEs can be obtained by blending refined fractions of exotic plants. They can also be produced by 

interesterification, this can be done chemically or enzymatically. However, the enzymatic 

production of CBEs is not permitted within the European Union (EU,2000).  

The exotic vegetable fats contain the same triacylglycerols but in different ratios compared to 

cocoa butter. No natural fat contains as much POSt as cocoa butter (Timms, 2003). From this 

point of view it is not possible to produce a CBE that completely resembles the cocoa butter 

composition only by blending natural fats (Smith, 2001). 

For blending, certain process conditions need to be taken into account. All components should be 

liquid, the agitation should be effective without introducing too much air into the oil and to blend 

the fats homogeneously, sufficient time is required. (Smith, 2001) 

Palm mid-fraction (PMF), which contains high concentration of POP can sometimes be used to 

give a softer texture to the chocolate. Because of its high amount of StOSt, shea fat is used to 

improve the heat stability of chocolate (Norberg, 2006; Timms, 2003). 

If PMF is mixed with illipe and shea fat, a CBE is obtained with the same amount of SatOSat-type 

triacylglycerols, but less POSt and more POP will be present in the mixture compared to cocoa 

butter. From the ternary phase diagram (Figure 1.3), it is clear that the triacylglycerol composition 

of a CBE does not have to be exactly the same as CB. The area within the red line represents all 

possible ratios of POP, POSt and StOSt which have the same tempering characteristics as CB 

(Timms, 2003; Padley et al., 1981). In general CBEs contain substantially more POP and less POSt 

than CB but similar amount of StOSt (Lipp & Anklam, 2001).  



 Literature study  

The use and applicability of cocoa butter equivalents (CBEs) in chocolate products 12 

 
Figure 1.3. POP/POSt/StOSt ternary diagram showing positions of cocoa butter and some SatOSat-type 
raw materials (after Padley et al., 1981; Smith, 2001). 

 

In Figure 1.4 a ternary phase diagram, also called an isosolid diagram, of POP, POSt and StOSt is 

shown. From this figure there can be concluded that POP, POSt and StOSt cannot be mixed in 

every ratio, because eutectics can occur. The minima in the isosolid lines on the POP-StOSt and 

POP-POSt axes in Figure 1.4 indicate eutectic interactions. This eutectic behaviour does not occur 

in POSt-StOSt mixtures. (Timms, 2003) 

 

Figure 1.4. Ternary isosolid diagrams for mixtures of POP, POSt and StOSt: (a) 25% isosolid lines, 
indicating temperatures (°C) at which SFC = 25%; (b) 0% isosolid lines (from Timms, 2003 as given by 
Wesdorp, 1990). 

1.3.3.1 Interesterification 

Next to blending natural fats, the specific triacylglycerols can also be produced by 

interesterification, chemically or enzymatically.  

1.3.3.1.1 Chemical synthesis 

Two chemical processes have been patented. The first process was patented by Procter & 

Gamble. In this process a hydrogenated palm oil/soya bean blend are brought in reaction with 

glycerol. A mixture of 1,3/1,2-diglycerides is produced. From this mixture the 1,3-diglycerides are 



 Literature study  

The use and applicability of cocoa butter equivalents (CBEs) in chocolate products 13 

isolated by slow crystallization with hexane. Afterwards the palmito/stearo-diglyceride is reacted 

with oleyl chloride or oleic anhydride (Volpenheim, 1980). The second process is patented by 

Unilever. The process is quite similar to the previous, but the 1,3-diglycerides are produced by 

solid-state isomerisation without solvent (Padley et al. , 1981). (Timms, 2003) 

1.3.3.1.2 Enzymatic synthesis 

In enzymatic interesterification reactions, enzymes (lipases) are used which catalyse the reaction 

only at the 1- and 3- positions of the glycerol to generate SatOSat-triacylglycerols. The lipases 

used, originate from microorganisms, e.g. Aspergillus, Mucor or Rhizopus species or Geotrichum 

candidum. Different vegetable fats, e.g. palm oil, high oleate sunflower oil or high oleate rapeseed 

oil are used as substrate is this sort of reaction. (Smith, 2001) 

In the Unilever process triacylglycerols (from e.g. high-oleic sunflower oil) react with fatty acids 

(e.g. stearic acid) at a moisture content of 0,2% - 1%. In the process created by Fuji Oil, 

triacylglycerols (a palm fraction) react with fatty acid esters (e.g. ethyl stearate) at a maximum 

moisture content of 0,18% (Timms, 2003). The use of a fatty acid ester rather than the fatty acid 

makes the removal of the remaining fatty acids easier in the distillation stage. Both processes use 

immobilised enzymes (Timms, 2003). Also the Kao Corporations patented a process: a palm mid-

fraction is reacted with stearic acid by hexane. Afterwards, a mid-fraction is isolated by a two-

stage solvent fractionation (Tanaka et al., 1989). 

There is a lack of commercial success of enzymatically catalysed interesterification for the 

production of confectionery fats because the process is complex. First all the reactants have to be 

produced. After the interesterification reaction, a distillation, a solvent fractionation and a final 

refining has to be carried out. Because the enzyme has to be activated with a small amount of 

water, also by-products (e.g. diglycerides) are produced. These by-products reduce the yield of 

the final product and have to be removed. The immobilized enzymes have a short and 

unpredictable life, making variable process costs high and unpredictable (Timms, 2003). However 

the last years the efficiency of enzymatic interesterification, using immobilized enzymes, has 

greatly improved.  

Up till now CBEs produced by interesterification are not allowed by the EU Directive 2000/36/EC. 

However a lot of research has been performed on the production of CBEs by means of enzymatic 

interesterification, as illustrated in Table 1.3. In the research, the substrates for production of 
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CBEs were not limited to the list of the EU, e.g. high oleate sunfloweroil, dhupa fat, teaseed oil 

have been investigated as substrate.  

Table 1.3. Overview enzymatic interesterification to obtain CBE. 

Substrate Enzyme Reference 

Palm oil, StStSt, stearic acid, 
stearic acid ethyl ester 

Rhizomucor miehei lipase  

Xu (2000) 

Chinese vegetable tallow, fully 
hydrogenated soybean oil fatty 
acids 

Porcine pancreatic lipase 

Chinese vegetable tallow, stearic 
acid 

Porcine pancreatic lipase 

PMF, stearic acid Rhizopus arrhizus lipase 

Mahau fat, kokum fat, dhupa fat, 
sal fat, mango fat, fatty acid- 
methyl ester 

Lipozyme immobilized (IM) Sridhar et al. (1991), Xu (2000) 

Strychnos madagascariensis oil, 
Trichelia emetica oil, Ximenia 
caffra oil 

Rhizomucor miehei lipase Khumalo et al. (2002) 

Teaseed oil, palmitic acid 

stearic acid 
Porcine pancreatic lipase Xu (2000); Wang et al (2005) 

PMF and stearic acid 
Lipozyme Thermomyces 
lanuginosis IM (TL IM) 

Undurrage et al. (2001); Holm & 
Cowan (2008) 

High oleic acid rapeseed oil 
Rhizopus arrhizus lipase, 
lipozyme 

Gitlesen et al. (1995) 

Refined olive pomace oil Porcine pancreatic lipase Çiftci et al. (2009) 

Palm oil Carica papaya lipase Pinyaphong & Phutrakul (2009) 

Refined bleached and 
deodorized palm oil, fully 
hydrogenated soybean oil 

Lipozyme immobilized (IM) Abigor et al. (2003) 

Pentadesma butyracea butter Lipozyme TL IM Tchobo et al. (2009) 

High oleate sunflower oil Lipozyme Smith (2001) 

 

1.3.4 Detection of CBEs in chocolate 

According to the EU Directive 2000/36/EC, only 5% (on product base) other vegetable fats can be 

added to chocolate. Therefore it is important to detect and quantify the addition of vegetable 

fats, other than CB, to chocolate.  

Various components of cocoa butter have been targeted as indicator for the presence of other 

vegetable fats. Crews et al. (1997) analysed the sterol degradation products. Besides sterols, 4-
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methylsterols, triterpene alcohols have been used for the detection of foreign fats in chocolate 

(Simoneau et al., 1999).  

Because TAGs are the most important component in CB and CBEs , their analysis has been 

investigated intensively. The most common methods are gas chromatography (GC) and high 

performance liquid chromatography (HPLC). Ratios of the three main TAGs (POP, POSt and StOSt) 

are typical for cocoa butter. As such the content of foreign fats in cocoa butter can be quantified. 

(Lipp & Anklam, 1998b) 

In 2005 the American Oil Chemists Society approved the AOCS Official Method Ce 11-05; 

Determination of Cocoa Butter Equivalents in Cocoa Butter and Plain Chocolate. The 

quantification is performed with high-resolution capillary gas chromatography (HR-GC) of 

triacylglycerols. Afterwards the data are evaluated by either linear regression analysis or partial 

least squares regression analysis. With the first method the relative proportions of the three main 

triacylgycerols fractions are analysed, the presence can be determined down to a level of 2%. 

When analysed with partial least squares regression the relative proportions of the five main 

TAGs (POP, POSt, POO, StOSt and StOO) are quantified at a level of 5%. (AOCS, 2005) 

The principle of the method is that for cocoa butter, POSt content is constant for wide variations 

of POP and StOSt. All CB/CBE mixtures will cause the triacylgycerols analysis to deviate from the 

CB-line to the extent that their POS value differs from the POSt value of cocoa butter (AOCS, 

2005). Two types of standardized analytical toolboxes, CoCal1 and CoCal2, have been developed 

to facilitate the detection and quantification of CBEs in dark chocolate and milk chocolate 

respectively (Buchgraber & Androni, 2008). 
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2 Material and methods 
2.1 Cocoa butter and cocoa butter equivalents 

The CB used in the experiments was delivered by Belcolade (Erembodegem, Belgium). In Table 2.1 

the different CBEs and their appropriate level of use in chocolate are presented. These CBEs were 

retrieved from following companies:  

 Loders Croklaan 

 AAK 

 Fuji Oil Europe 

 ADM 

 Hard palm mid fraction (PMF) (Loders Croklaan) 

Table 2.1. Cocoa butter equivalents. 

CBE1 5% replacement 

CBE2 full fat replacement 

CBE3 full fat replacement 

CBE4 5% replacement 

CBE5 5% replacement 

CBE6 5% replacement 

CBE7 5% replacement 

CBE8 Full fat replacement 

PMF  

2.2 Characterisation of cocoa butter & cocoa butter equivalents 

2.2.1 Fatty acid composition 

AOCS Official Methods Ce 1-62 (1990) & Ce 2-66 (1989) 

2.2.2 Triacylglycerol composition 

AOCS Official Method Ce 5b-89 (1997) 

2.2.3 Free fatty acid 

AOCS Official Method Ca 5a-40 (1966) 
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2.2.4 P-anisidine value (pAV) 

AOCS Official Method Cd 18-90 (1996) 

2.2.5 Peroxide value (PV) 

AOCS Official Method Cd 8b-90 (1996) 

2.2.6 Differential scanning calorimetry (DSC) 

EQUIPMENT 

 Q1000 Differential Scanning Calorimetry (-80 – 400°C) (TA Instruments New Castle, USA) 

 Refrigerated cooling system (TA Instruments New Castle, USA) 

 The DSC was calibrated with indium (TA Instruments New Castle, USA), azobene (Sigma-

Aldrich, Bornem, Belgium) and undecane (Acros Organics, Geel, Belgium). 

 Nitrogen gas (Air Liquide, Liège, Belgium) was used to purge the system  

 Hermetic aluminium pans (TA Instruments, New Castle, USA) 

SAMPLE PREPARATION 

 The pans were filled with 5 – 15 mg sample. An empty pan was used as reference. 

PROCEDURE – NON-ISOTHERMAL METHOD 

The time-temperature procedure for the non-isothermal method is shown below. 

1) Equilibrate at 65,00°C 

2) Isothermal for 10 min 

3) Ramp 5,00°C min-1 to -20,00°C 

4) Isothermal for 5 min 

5) Ramp 5,00°C min-1 to 65,00°C 

 

PROCEDURE – ISOTHERMAL METHOD 

The time-temperature procedure for the isothermal method is shown below. 

1) Equilibrate at 65,00°C 

2) Isothermal for 10 min 

3) Ramp 10,00°C min-1 to 20,00°C 

4) Isothermal for 230 min* 

* For slow crystallizing fats the isothermal phase was extended up to 420 min 
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PROCEDURE – STOP-AND-RETURN METHOD 

The same procedure was followed as described for the isothermal method. The isothermal step 

was interrupted at different times, varying between 0,5 minutes and 230 minutes and 

subsequently the sample was melted.  

The crystallization and melting peak were integrated using a horizontal sigmoid baseline and the 

start and end points of crystallization were determined using the algorithm developed by Foubert 

et al. (2003). The integration was performed using the Universal Analysis software (TA 

Instruments, New Castle, USA). The Foubert model, as described in section 1.1.3.2, can be fitted 

to the integral of the crystallization peak. tind [min] is defined as the time needed to obtain 1% of 

crystallization. K [min-1] is the rate constant. aF [Jg-1] is the maximum amount of crystallization.  

2.2.7 Pulsed nuclear magnetic resonance (pNMR) 

EQUIPMENT 

 Maran ultra pulsed field gradient NMR (Oxford Instruments, Tubney Woods, Abingdon, UK) 

 NMR tubes, diameter 10 mm (Bruker, Karlsruhe, Germany) 

 Water bath (Julabo, Seelbach, Germany) 

SAMPLE PREPARATION 

 The fat samples were melted in the oven at 70°C for 1 hour. 

 NMR tubes were filled with 6 ml of sample. 

To investigate the melting behaviour, and thus the solid fat content at different temperatures, 

two kinds of techniques were used, namely a non-isothermal method and an isothermal method.  

PROCEDURE – NON-ISOTHERMAL METHOD – UNTEMPERED SAMPLES 

The fat must be exposed to a defined temperature history, namely 

1. The fat has to be melted completely to make sure that no fat crystals are present (erase 

the history) 

2. Cooling so the fat crystallizes completely 

3. Hold the fat at a given temperature to equilibrate at that temperature (Timms, 2003) 
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In practice this was done as showed below.  

1) Oven 70°C 60 min 

2) Water bath 0°C 90 min 

3) Water bath 5°C 60 min 

4) Measuring the SFC   

5) Temperature of the water bath is raised with 5°C 

6) Measuring the SFC after 60 min  

Step 5 and 6 are repeated until the SFC reaches 0% 

 

PROCEDURE - NON-ISOTHERMAL METHOD –TEMPERED SAMPLES 

To temper the samples additional step had to be taken. After step 2 the NMR tubes were kept at 

26°C for 40 hours. This is called the tempering step at tempering temperature. This leads to the 

formation of a more stable polymorph by a fluctuation of the temperature around the melting 

points of the less stable forms. The unstable crystals ( ) will melt and the stable crystals ( V) will 

stand. After this tempering step the fat was cooled back to 0°C for 90 minutes. 

PROCEDURE - ISOTHERMAL METHOD 

The NMR tubes were placed in the oven (70°C) for 60 minutes so every crystal was melted. Then 

the fat samples were placed in a water bath at 20°C. The SFC was measured with the NMR at the 

same time intervals as done with DSC.  

PROCEDURE – ISOTHERMAL DIAGRAM 

The same procedure was followed as described in the non-isothermal method of tempered 

samples. Mixtures of CB and CBE were prepared with the composition (w/w %) as indicated 

below. The SFC was measured at 15°C, 20°C, 22,5°C, 26°C, 30°C and 35°C.  

CB 100 75 50 25 0 

CBE 0 25 50 75 100 

 

2.2.8 Microscopy 

EQUIPMENT 

 Polarized light microscope Leitz Diaplan (Pleitz, Wetzlar, Germany) 

 Temperature-controlled stage Linkam PE94 (Linkam Scientific Intruments, Surrey, UK) 

 Olympus color view camera (Olympus, Aartselaar, Belgium) 
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SAMPLE PREPARATION 

 The samples were first melted at 70°C in the oven. One drop of sample was brought onto the 

rest plate with a pasteurpipette. A cover plate was placed on the drop of the fat. 

PROCEDURE –START OF THE ISOTHERMAL CRYSTALLIZATION 

1) Equilibrate at 65°C 

2) Isothermal at 65°C for 10 min 

3) Cool to 20°C at 10°C min-1 

4) Isothermal at 20°C for 90 min 

The isothermal period started from the moment that the temperature-controlled stage reached 

the crystallization temperature (± 0,2°C). A picture of the crystals was taken at the same time 

intervals as for the DSC and NMR measurements.  

PROCEDURE – FOLLOW-UP 6 WEEKS  

Samples were kept for 6 weeks at room temperature (20°C). An image of the crystallizing fat was 

made every week at enlargement 10x and 25x. The same procedure was used at 26°C.  

2.2.9 Texture analysis 

EQUIPMENT 

 TA 500 Texture Analyzer (Lloyd Instruments., West Sussex, UK) 

 500 N load cell 

 Penetration probe (cylinder, diameter 5 mm*) 

*In the penetration test the diameter of the probe cannot be more than three times the diameter of the filled cup. The 

cup had a diameter of 30 mm. First a probe with diameter of 10 mm was used, but the sample showed cracks during 

penetration, giving data with high variation. Therefore a 5 mm probe was preferred for further measurements.  

SAMPLE PREPARATION 

Plastic cups of 40 ml were filled with 20 ml of melted fats. 

 Melt the samples in the oven at 70°C (1 hour) 

 Cool the samples 1 hour at 0°C 

 Temper the samples: temperature cabinet for 40h at 26°C.  

 Place the samples at 20°C or 26°C 
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PROCEDURE - PENETRATION TEST 

The hardness of the samples was evaluated 24 hours, 1 week, 2 weeks and 3 weeks after 

tempering. The probe penetrated the samples 10 mm with a speed of 10 mm/min, the 

measurements started at a trigger of 0,2 N. The hardness is defined as the maximum force (N) 

required to penetrate the sample. Five repetitions of each hardness measurement were 

performed.  

2.3 Chocolate production 

2.3.1 Ingredients 

Sugar, cocoa mass, cocoa butter and lecithin are the four main ingredients of plain chocolate. For 

the production of the reference dark chocolate the following recipe was used: 

Ingredient Amount (mass %) Supplier 

Pre-broken sugar 48,00 % Barry Callebaut, Wieze, Belgium 

Cocoa mass 40,00 % Belcolade, Erembodegem, Belgium 

Cocoa butter 11,60 % Belcolade, Erembodegem, Belgium 

Soy lecithin 0,40 % Barry Callebaut, Wieze, Belgium 

 

To produce chocolate with CBEs according to EU Directive 2000/36/EC, blends were made. In 

these blends 56,9% (w/w) was cocoa butter, the other 43,1% was CBE, to obtain a 5% 

replacement on product base. To make this blends, the fats were melted for 1 hour in the oven at 

70°C, to erase crystal history. Then the fats were weighted and mixed thoroughly. These blends 

replaced the cocoa butter from the reference recipe. The blends were made with the CBEs as 

shown below. In the compounds, all the CB was replaced by CBE.  

 Blend1 Blend2 Blend3 Blend4 Blend5 

CBE CBE1 CBE4 CBE5 CBE6 PMF 

 

Every chocolate was produced in duplicate or triplicate. In each production 4 kg chocolate was 

prepared. The productions of the chocolates were randomised over time.  

2.3.2 Production process 

An overview of the production process is shown in Figure 2.1. First all the ingredients were mixed. 

This mixture of sugar, cocoa mass and cocoa butter needed to be refined to a particle size <30µm. 

The refiner consisted of three hollow cylinders, which were temperature-controlled by a water 
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bath. After refining the mixture was transferred to the conche. This process is carried out in three 

different stages: dry conching, pasty phase and liquid conching. During the dry conching, the 

moisture was reduced together with removal of undesirable flavour-active volatiles. In the 

following phase the mixture became a paste because the viscosity starts to fall. To give chocolate 

the desired flow characteristics, extra cocoa butter and lecithin was added during the liquid 

conching (Afoakwa et al., 2007; Beckett, 2009c). The chocolate was then tempered. It is important 

to temper the chocolate before moulding. The tempering process was performed to create the 

desired polymorph as described in section 1.1.3.1. This tempering was done by hand and 

consisted out of four steps:  

 Complete melting of the chocolate, to remove crystal history 

 Cooling to the point of crystallization 

 Crystallization 

 Melting out of unstable crystals 

 

Figure 2.1. Lab scale chocolate production process. 
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2.4 Quality parameters of chocolate 

2.4.1 Melting profile 

EQUIPMENT 

 2010 Differential scanning calorimetry (TA Intruments New Castle, USA)  

 Refrigerated cooling system (-40 – 200°C) (TA Instruments New Castle, USA) 

 Hermetic aluminium pans (TA Instruments, New Castle, USA) 

SAMPLE PREPARATION 

 The pans were filled with 5 – 15 mg of tempered chocolate. An empty pan was used as 

reference. 

PROCEDURE 

The chocolate sample was melted from 22°C to 65°C, at 5°C/min.  

2.4.2 Texture analysis 

According to Szczesniak (1963), texture is a combination of the physical structure of the material 

and its mechanical and surface properties. The hardness of chocolate is mainly influenced by the 

tempering of the chocolate. Over-tempering leads to increased hardness and stickiness (Afoakwa 

et al, 2008a). The particle size, fat and lecithin are inversely correlated to the hardness of 

tempered chocolate. By manipulating these parameters, the hardness/softness of the product can 

be improved (Afoakwa et al., 2008b).  

EQUIPMENT 

 TA500 Texture Analyzer (Lloyd Instruments., West Sussex, UK) 

 500N load cell 

 Plastic cutting probe 

 Penetration probe (needle) 

SAMPLE PREPARATION 

 The texture measurements were performed on a bar of tempered chocolate (102x23x10 mm). 

PROCEDURE – THREE POINT BEND TEST 

A bar of chocolate was placed on the table of the texture analyser at 20°C. The plastic cutting 

probe descended with a speed of 10 mm/min and pressed the bar until it broke. The maximum 

load (N) required to break the bar is defined as the fracturability. 
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PROCEDURE - PENETRATION TEST 

A bar of chocolate was placed on the table of the texture analyser at 20°C. The penetration probe 

descended with a speed of 2 mm/s, the measurements started at a trigger of 0,2 N. The probe 

penetrated 5 mm into the chocolate bar. The hardness (N) is the maximum force required to 

penetrate the sample. 

2.4.3 Rheology 

Cocoa butter has a Newtonian flow behaviour, this means that the apparent viscosity is constant 

and thus independent of the shear rate. Chocolate has a more complex structure, due to the 

particles present (Afoakwa et al., 2009). Molten chocolate behaves like a non-Newtonian liquid, 

exhibiting a non-ideal plastic behaviour (Afoakwa et al., 2007). The two main parameters 

describing the flow behaviour are yield stress and apparent (plastic) viscosity. Yield stress is a 

material property denoting transition pseudo-solid an pseudo-liquid behaviours – related to 

minimum shear stress at first evidence of flow, or transition from elastic to viscous deformation. 

Plastic viscosity determines pumping characteristics, filling of rough surfaces, coating properties 

and sensory characteristics of chocolate mass (Afoakwa et al., 2008c; Ghorbel et al., 2011; 

Gonçalves & Lannes, 2010).  

Rheological measurements were performed by means of determining the flow properties of the 

chocolate. The method for the evaluation of rheological data is the method recommended by ICA 

(2000) (Afoakwa et al., 2009). To better describe the flow characteristics, a mathematical model 

was fitted to the flow curve of chocolate. Different models have been used to express the 

chocolate rheology, including the Herschel-Bulkley and the Bingham model, but the Casson model 

is the most widely used within the chocolate industry. The Casson equation is:  

 

where [Pa] is the yield stress, CA [Pa] is the Casson yield stress, µCA [Pa.s] is the Casson viscosity 

and  [s-1] is the shear rate (Afoakwa et al., 2007). The flow characteristics of chocolate are mainly 

influenced by three factors, namely composition, processing strategy and particle size 

distribution.  

EQUIPMENT 

 TA Instruments AR 2000ex (TA Instruments, New Castle, Delaware, USA) 

 Concentric cylinder system (cup and bob) (TA Instruments, New Castle, Delaware, USA) 
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SAMPLE PREPARATION 

 The chocolate sample was heated in the oven at 52°C for one hour. 20g of sample was 

brought into the preheated cup.  

PROCEDURE 

The measurements were performed in accordance to the ICA (2000) method. The temperature of 

the rheometer was set at 40°C. The shear stress and viscosity were measured while the shear rate 

of the bob raised logarithmically from 2 s-1 to 50 s-1, than kept at 50 s-1 followed by a logarithmical 

decrease to 2 s-1. Every measurement were repeated three times. The results were fitted to the 

Casson model.  

2.4.4 Colour 

To express the colour of a food product, most often the CIEL*a*b-system is used. This system uses 

three spatial coordinates a* (+a* red -a* green), b* (+b* yellow –b* blue) and lightness L* (0 black 

– 100 white) (Völz, 2001). A spectrophotometer can be used to measure the colour of chocolate. 

The spectrophotometer measures the reflected light with or without the specular component, 

respectively the SCI-mode (specular component included) and SCE-mode (specular light 

excluded). If instrumental colour measurements are compared with human observation, the SCE-

mode is used because the human eye neglects the specular component. (Minolta, 1998) 

EQUIPMENT 

 Minolta Model CM-2500D spectrophotometer – colorimeter (Konica Minolta Sensing, Inc., 

Osaka, Japan) 

SAMPLE PREPARATION 

 The colour measurements were performed on a tempered chocolate bar (102x23x10 mm). 

PROCEDURE 

The colour of the chocolate was determined on the tempered chocolate bars. The 

spectrophotometer was turned upside down and the bar of chocolate was placed on top of it. The 

colour was expressed in terms of L*, a* and b*. 

2.4.5 Sensory analysis 

Two categories of sensory evaluation can be distinguished: first of all the objective testing with a 

trained panel. On the other hand there is subjective testing, where consumers evaluate the 
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sensory properties of the product. The combination of these two methods helps to better 

understand the sensory properties of a food product. Often the correlation between sensory 

evaluation and instrumental analysis is made. (Kemp et al., 2009) 

PROCEDURE – TRIANGLE TEST 

Three pieces of tempered chocolate were presented on a plate. Two of them were the same, one 

was different. It was up to the taster to indicate the odd sample.  

PROCEDURE – RANKING TEST 

Three pieces of tempered chocolate were presented on a plate. One chocolate was made only 

with CB, another chocolate only with CBE and the third one was made with 5% replacement of CB 

according to the EU regulation. The taster had to order the samples from least good melting 

behaviour to best melting behaviour in the mouth.  

PROCEDURE – TRAINED PANEL 

The trained panel evaluated three different chocolates, one reference chocolate based on CB, one 

chocolate with 5% replacement of CB and another one where all cocoa butter was replaced by a 

CBE. 

The surveys used to evaluate the chocolates are shown in Appendix I. 

2.5 Statistical analysis 

The data were statistically analysed with SPSS 17.0 software package (SPSS Inc., Chicago, USA). To 

evaluate significant differences between data, one-way ANOVA was used. Homogeneity of 

variance was controlled before analysing the data by means of a Levene test. If variances were 

equal, Tukey test was used to detect significant differences, if not, a Dunnetts’s T3 was 

performed. All significant differences are based on a 95% significance level (p=0,05). Every 

chocolate was produced in duplicate or triplicate. Intra- and intervariation of the measurements 

should be taken into account when evaluating the quality parameters of the chocolate, therefore 

an average value for the parameter was calculated with corrected standard deviation for the 

repetitions of one kind of chocolate. This was done based on following formula: 

 

With s the corrected standard deviation, Sj is the standard deviation between the different 

repetitions, nj is the number of repetitions, Sj1,...,n is the standard deviation within one repetition.  
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3 Results and discussion 
3.1 Introduction 

Cocoa butter equivalents are non-lauric vegetable fats which can replace CB in the chocolate 

production. They are compatible with CB. According to the EU Directive 2000/36, illipe butter, 

palm oil, sal fat, shea butter, kokum butter and mango kernel fat may be used to produce CBEs. If 

CBEs are added up to 5% (on product base), the product may still be labelled as ‘chocolate’. This 

research has the aim to evaluate the functionality of different commercially available cocoa butter 

equivalents.  

In the first part, a characterisation of cocoa butter and the CBEs was performed. For the chemical 

characterisation, the fatty acid and TAG composition of the CB and CBEs were determined. To 

have an idea about the quality of the samples, the degree of lipid oxidation and FFA was 

evaluated. The melting and crystallization properties of the CB and CBEs are important, because 

they also influence the chocolate properties. In this research, non-isothermal crystallization and 

melting behaviour were evaluated using DSC and pNMR. The isothermal crystallization was 

evaluated at 20°C using DSC and pNMR. PLM was used to visualize the isothermal crystallization 

at 20°C and 26°C. To evaluate macroscopic properties, texture analysis was performed on 

tempered samples stored at 20°C and 26°C.  

In the second part, chocolates with 5% CBE on product base and compounds with full 

replacement were produced. The production and the quality parameters of these chocolates and 

compounds were evaluated. Rheological experiments were performed on molten chocolate, the 

Casson model was used to describe the flow behaviour. The characteristics of tempered chocolate 

were examined by DSC determining the melting behaviour, texture analysis, colour measurement 

and sensory analysis.  

3.2 Chemical characterisation of cocoa butter and cocoa butter 
equivalents 

3.2.1 Fatty acid composition 

The fatty acid profile of the different samples is presented in Table 3.1. Palmitic (C16:0), stearic 

(C18:0) and oleic (C18:1) acid are the three major fatty acids present in cocoa butter. The 

reference cocoa butter contained respectively 28,2%, 35,0% and 32,5% of these fatty acids. The 

amount of palmitic acid in this cocoa butter is relatively high, compared to the maximum value of 
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26,9% given in literature (Smith, 2001). Generally, the palmitic acid content of the CBEs was 

significantly higher, the stearic acid content was lower and the oleic acid content was 

approximately the same as cocoa butter. CBE4, CBE5 and CBE7 differ most from CB: a higher 

amount of palmitic acid (41,9% to 45,2%) and lower amount of stearic acid (18,5% to 20,7%) were 

observed. Compared to CB and the CBEs, PMF contained a significantly lower amount of stearic 

acid, a higher amount of palmitic acid and comparable amount of oleic acid. 

The CB and CBEs both contained a considerable amount of linoleic (C18:1) and arachidic (C20:0) 

acid. Linoleic acid was present in all samples at the same level varying from 2,5% to 3,1%. The 

content of arachidic acid varied from 0,3% to 0,9%. The CBEs generally contained more myristic 

acid (C14:0). However CBEs are non-lauric fats, CBE5 contained considerably more (1,5%) lauric 

acid (C12:0) than CB and the other CBEs. 

Table 3.1. Fatty acid composition, free fatty acid content, peroxide value, p-anisidine value and totox 
value of CB, CBEs and PMF. 

 
CB CBE1 CBE2 CBE3 CBE4 CBE5 CBE6 CBE7 CBE8 PMF 

C12:0 ND* ND* ND* 0,1 0,3 1,5 ND* 0,1 0,1 0,1 

C14:0 0,1 0,6 0,5 0,6 0,7 1,1 0,5 0,7 0,6 0,9 

C16:0 28,2 34,6 32,3 35,5 44,4 41,9 35,3 45,2 37,3 58,4 

C18:0 35,0 29,2 31,2 27,8 19,8 20,7 29,1 18,5 25,9 6,4 

C18:1c 32,5 31,4 31,6 32,3 31,5 30,7 31,4 31,7 32,1 30,9 

C18:2 2,6 3,1 3,2 2,5 2,6 3,1 2,7 3,0 2,9 2,8 

C20:0 0,9 0,8 0,8 0,7 0,5 0,6 0,8 0,6 0,8 0,3 

∑ other 0,5 0,2 0,2 0,2 ND* 0,2 0,2 0,1 0,2 0,1 

           
FFA 

2,80 
±0,02 

0,26 
±0,02 

0,23 
±0,01 

0,18 
±0,00 

0,17 
±0,02 

0,19 
±0,02 

0,17 
±0,02 

0,22 
±0,00 

0,30 
±0,01 

0,60 
±0,03 

           
PV 

0,69 
±0,14 

0,39 
±0,28 

0,80 
±0,28 

0,79 
±0,28 

0,69 
±0,14 

0,49 
±0,14 

1,29 
±0,14 

0,35 
±0,07 

0,20 
±0,00 

1,00 
±0,28 

pAV 
0,77 

±0,20 
0,89 

±0,03 
1,27 

±0,03 
1,37 

±0,19 
1,79 

±0,02 
1,90 

±0,08 
2,28 

±0,25 
0,42 

±0,07 
0,34 

±0,01 
3,89 

±0,47 

Totox 2,16 1,68 2,87 2,96 3,17 2,89 4,87 1,11 0,73 5,89 

* ND = not detected 
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3.2.2 Triacylglycerol composition 

A general overview of the triacylglycerols present in the CB and CBES is given in Table 3.3. The 

mono-unsaturated triacylglycerols POP (18,2%), POSt (38,7%) and StOSt (26,2%) are the three 

major triacylglycerols present in the reference cocoa butter. It is clear that the CBEs contained a 

comparable (12,0% to 13,8%) but significantly lower amount of POSt compared to CB (38,7%). No 

other natural fats contain as much POSt as cocoa butter, even when blending different vegetable 

fats, it is very hard to reach such a high POSt content. The PMF used in this research is hard PMF, 

this is the stearin fraction of soft PMF, which is a secondary fractionation product of palm oil. This 

PMF mainly consists of POP and only has a small amount of StOSt. Hard PMF is commonly used in 

chocolate and confectionery products (Timms, 2003). 

To give a better overview of the three major TAGs, the ratio POP/POSt/StOSt was plotted in a 

ternary plot as shown in Figure 3.1. Next to the CBEs and PMF, two common CBE sources, e.g. 

shea stearin and illipe butter, are presented in Figure 3.1. The POP content of all CBEs was higher 

than that of cocoa butter. It was possible to distinguish two groups of CBEs. A first group (group 1) 

enclosed CBE1, CBE2, CBE3, CBE6 and CBE8, the second group (group 2) enclosed CBE4, CBE5 and 

CBE7. The POP content of the CBEs of group 2 was higher and the StOSt content was lower 

compared to group 1 and CB. The CBEs belonging to group 2 had the highest ratio POP/(POP + 

StOSt) as shown in Table 3.2. Lipp et al. (2001) stated that CBEs generally contain a lower amount 

of POSt, a higher amount of POP and a similar amount of StOSt. In this research, this statement is 

true for POSt and POP, but group 1 contained a considerable higher and group 2 considerable 

lower amount of StOSt compared to CB. 

Table 3.2. POP/(POP + StOSt) ratio of CB, CBEs and PMF.  

 
CB CBE1 CBE2 CBE3 CBE4 CBE5 CBE6 CBE7 CBE8 PMF 

POP/(POP + StOSt) 0,41 0,52 0,48 0,55 0,69 0,67 0,54 0,72 0,57 0,96 

 

In Figure 3.1, the area within the red line represents all possible ratios of POP/POSt/StOSt which 

have the same tempering characteristics as CB as stated by Padley et al. (1981). Only CBE2 was at 

the border of this line, the other CBEs were further away from this area, indicating that they had 

other tempering characteristics.  
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Figure 3.1. POP/POSt/StOSt ternary plot of CB, CBEs, PMF, illipe and shea stearin (after Padley et al., 
1981; Smith, 2001). 

 

The PLP content of the CBEs was between 4,0% and 5,1% compared to only 1,8% for cocoa butter. 

OOO, LLO, PLL, MLP, OOL, POL and MPP were present in small amounts (< 1%). The total content 

of mono-unsaturated triacylglycerols did not differ to a great extent from cocoa butter. In cocoa 

butter 86,3% of the TAGs is mono-unsaturated, while CBE2 had the lowest content of 84,9% and 

CBE6 the highest, 88,1%. The trisaturated TAG content of the CBEs was almost twice as high as 

that of cocoa butter, mainly due to the higher amount of PPP present in the CBEs. PMF had a 

significant higher amount of trisaturated TAGs compared to the other samples. The di-

unsaturated and the poly-unsaturated TAG content were comparable for all samples, except CBE6 

and PMF contained a lower amount of di-unsaturated TAGs, 5,1% and 5,6% respectively. 

  

PMF 

CB 

illipe 
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Table 3.3. Overview triacylglycerol composition of CB, CBEs and PMF. 
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3.2.3 Minor components 

From HPLC analysis , the amount of DAGs present in the fat can be deduced (Table 3.3). PMF had 

a lower amount of DAGs compared to cocoa butter and some CBEs. The differences between 

cocoa butter and the CBEs were small, some CBEs had a higher content, others had lower content 

of DAGs. Diacylglycerols are important because they retard the phase transformation from ’ to 

, this can negatively influence the cooling curve and thus be a disadvantage for the tempering of 

chocolates (Timms, 2003). 

According to the European Directive 2000/36/EC, the free fatty acid content of cocoa butter may 

not exceed 1,75% (expressed as oleic acid). From Table 3.1 it was concluded that the CBEs follow 

the EU Directive, but the cocoa butter remarkably exceeded the limit of 1,75%. The high FFA 

content of the cocoa butter can be due to use of beans from diseased pods or hydrolysis by lipase 

from mould contamination. These moulds can be present due to insufficient drying, extended 

fermentation or prolonged storage of the beans (Chaiseri et al., 1989). Another cause can be too 

quick drying of the beans, leading to lack or inadequate loss of volatile acids, but also hydrolysis 

occurring during storage can lead to FFA formation (Pontillon, 1998b). 

3.2.4 Lipid oxidation 

Unsaturated lipids are sensitive to oxidation. Oxidative deterioration of oils and fats causes 

rancidity and reduces the commercial value of the product. The quantification of lipid oxidation 

can be done by using peroxide value test to determine the content of primary oxidation products 

(peroxides and hydroperoxides) and p-anisidine test to measure the secondary oxidation products 

present. P-anisidine value (pAV) represents the level of non-volatile aldehydes. Both primary and 

secondary oxidation should be taken into consideration when evaluating the oxidative status of a 

fat (Gray, 1978; Robards et al., 1988).  

Fresh produced fats have a peroxide value (PV) less than 1. Unwanted sensorial properties (e.g. 

rancidity) occur at a PV higher than 10, sometimes lower depending on the type of fat (Rossell, 

1994). From Table 3.1 it is clear that all the samples had a peroxide value lower than 10. The 

peroxide values for CBE6 and PMF were higher than the other fats. The amount of secondary 

oxidation products is expressed in the pAV. For a good quality fat/oil the pAV should be lower 

than 10 (Rossell, 1994). It is clear that all the fats had a pAV lower than 10 (Table 3.1), again CBE6 

and PMF had the highest value, but still lower than 10. The totox value, defined as 2xPV+pAV, was 

calculated to determine the total oxidation value (Rossell, 1994). From Table 3.1 can be concluded 
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that in CBE6 and PMF more oxidation products were present, indicative for fats that were older or 

had undergone more lipid oxidation. The totox values were still below 10, so at an expectable 

level. CBE7 and CBE8 had the lowest totox value, indicating these CBEs were fresh produced.  

3.3 Physical characterisation of cocoa butter and cocoa butter equivalents 

In the following part the physical characteristics of CB and CBEs will be described. Insight in the 

different processes involved in fat crystallization is important to evaluate the final product 

structure, functionality and quality. Three levels can be identified: a nano-, micro- and macro-

scale, as shown in Figure 3.2. The primary crystallization (nanoscale) is characterised by 

nucleation and crystal growth and is followed by aggregation into clusters and network formation 

(Dewettinck, 2009).  

 

Figure 3.2. Structural hierarchy in fatty materials (after Dewettinck, 2009). 

 

First the non-isothermal and isothermal crystallization and the melting properties are described 

using DSC and pNMR. To visualize the isothermal crystallization polarised light microscopy was 

used. In the final part the macroscopic characteristics were evaluated by measuring the hardness 

of the different samples. 

3.3.1 Crystallization and melting behaviour 

To evaluate the crystallization and melting profile of the CB and CBEs different procedures were 

used as described in sections 2.2.6 and 2.2.7. 
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3.3.1.1 Non-isothermal crystallization and melting behaviour as measured by DSC 

To analyse the non-isothermal crystallization and melting profile, the samples were first heated to 

65°C and held at this temperature for 10 minutes to erase all crystal history, then they were 

cooled to -20°C and subsequently heated to 65°C, the cooling and heating rate was 5°C min-1. 

From the crystallization/melting curve the following parameters were deduced: 

 Tonset [°C]: determined by the intersection of the baseline with the absolute highest 

tangent of the crystallization curve 

 Tpeak [°C]: the temperature at which the crystallization or melting curve reaches its peak 

maximum 

 Crystallization/melting heat [Jg-1]: the heat released or taken up by the fat when 

crystallizing or melting respectively, this is calculated by integrating the area of the total 

crystallization/melting peak 

 Width at half height [°C]: the width of the peak at half height of the crystallization or 

melting peak 

When comparing the non-isothermal crystallization behaviour of cocoa butter to that of the CBEs 

one major difference was observed. Before the main crystallization peak a smaller crystallization 

peak occurred as indicated in Figure 3.3 (A). This peak is correlated with the content of PPP: the 

lower the amount of PPP, the smaller the peak. This is in agreement with Calliauw (2008a), who 

studied fractional crystallization of palm olein. In cocoa butter only 0,1% PPP was present, so only 

a very small shoulder was noticeable. For the CBEs this percentage ranged between 1,1% for CBE3 

to 1,8% for CBE5, giving rise to a small crystallization peak. It is also clear that for all the CBEs the 

peak height of the major crystallization peak was lower compared to that of CB. An overview of 

the parameters of the crystallization curve are given in Appendix II. It was found that the Tonset of 

CB and CBE3 were equal but significantly higher compared to the other CBEs. As CB and CBE3 had 

the lowest amount of PPP, they showed a small shoulder before the main crystallization and 

therefore the main crystallization started earlier, leading to a higher onset temperature. The peak 

maximum was significantly lower for CBE4, CBE5 and CBE7, all classified in group 2 from the 

ternary plot, compared to CB and the other confectionery fats belonging to group 1, with 

exception of CBE8. This shift to a lower peak maximum can be explained by the higher amount of 

POP present in the CBEs of group 2. For this reason, PMF showed the lowest peak maximum, 

related to the high amount of POP (63,0%). There was no significant difference in crystallization 

heat between all fats, indicating that there was no difference in polymorphic behaviour (Cebula & 

Smith, 1992).  
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Figure 3.3. Non-isothermal crystallization and melting profile of CB, CBE5 and PMF measured by DSC. 

 

Differences in the melting behaviour were observed. CB showed a typical melting peak without a 

shoulder, the CBEs on the other hand, had a shoulder at higher temperature, as shown in Figure 

3.3. This shoulder can again be explained by the higher amount of PPP. After the main melting 

peak of CBE4, CBE5 and CBE7, a smaller melting peak occurred, as shown in Figure 3.3 (B). A 

similar melting profile was observed by Cebula & Smith (1992) for a CBE with considerable 

amount of trisaturated TAGs.  

Tonset, Tpeak, melting heat  and width at half height were determined and are given in Table 3.4. The 

Tonset of CB was equal to CBE1 and CBE2, but significantly higher than that of PMF and the other 

CBEs. The highest peak maximum was observed for CB, the CBEs had significantly lower peak 

maximum (Figure 3.4 and Figure 3.5). CBE4, CBE5 and CBE7 showed a similar but significantly 

lower peak maximum compared to the other CBEs. No significant differences were established for 

the melting heat, this is in agreement with the findings of Cebula et al. (1992). The peak width at 

half height of the CBEs was comparable with that of CB, except for CBE1, CBE2 and PMF, which 

had a significantly smaller peak width.  
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Table 3.4. Parameters Tonset [°C], Tpeak [°C], meting heat [J g
-1

] and width at half height [°C] of DSC melting 
profile of CB, CBEs and PMF.  

 
Tonset [°C] Tpeak [°C] Melting heat [J g

-1
] Width at half height [°C] 

CB 13,97 ± 0,30 22,01 ± 0,34 77,71 ± 3,09 7,57 ± 0,27 

CBE1 14,74 ± 0,06 20,29 ± 0,20* 78,13 ± 1,52 6,59 ± 0,32* 

CBE2 14,84 ± 0,57 20,41 ± 0,07* 79,29 ± 1,36 6,33 ± 0,16* 

CBE3 12,26 ± 0,16* 20,19 ± 0,13* 79,84 ± 0,55 7,56 ± 0,14 

CBE4 11,14 ± 0,73 18,13 ± 0,24* 81,55 ± 1,88 7,31 ± 0,14 

CBE5 10,73 ± 0,05* 18,77 ± 0,31* 77,62 ± 1,29 7,42 ± 0,21 

CBE6 11,72 ± 0,06* 20,52 ± 0,35* 78,03 ± 6,75 7,26 ± 0,18 

CBE7 11,68 ± 0,06* 18,44 ± 0,21* 78,35 ± 1,70 6,89 ± 0,27 

CBE8 11,85 ± 0,09* 20,27 ± 0,13* 71,90 ± 5,52 7,60 ± 0,10 

PMF 11,05 ± 0,10 16,24 ± 0,41* 78,51 ± 1,37 5,83 ± 0,51* 

 * significantly different from CB, =0,05 

 

CBE4, CBE5 and CBE7 showed again a distinctive behaviour compared to the CBEs of group 1. 

CBE4, CBE5 and CBE7 had a higher POP/(POP + StOSt) ratio, meaning that POP was present in a 

relative higher amount. The shift of the melting peak of the CBEs of group 2 can be explained by 

the lower melting point of POP. The influence of the amount of POP on the melting parameters is 

illustrated in Figure 3.6. In this figure the Tonset and Tpeak of crystallization and melting profile were 

plotted as function of the POP/(POP + StOSt) ratio. The higher the ratio, the lower the Tpeak and 

Tonset. However the linear correlation was relatively poor for Tonset of the melting peak (R² = 0,60).  

 
Figure 3.4. Melting peak of CB and CBEs of group 1 measured by DSC. 
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Figure 3.5. Melting peak of CB, CBEs of group2 and PMF measured by DSC. 

 

 
Figure 3.6. Correlation of Tonset and Tpeak of crystallization and melting peak with POP/(POP + StOSt) ratio 
(Crystallization: Tonset R² = 0,88; Tpeak R² = 0,85 -  Melting: Tonset R² = 0,60; Tpeak R² = 0,94). 

 

PMF showed a distinct crystallization and melting behaviour. PMF obtained a significantly higher 

amount of PPP, giving rise to a higher peak before the main crystallization peak, as illustrated in 

Figure 3.3 (C). Large differences were found in the melting profile of PMF (Figure 3.3): a relatively 

small melting peak occurred at low melting temperatures, due to the high amount of POP 

present. In the melting curve, the high amount of PPP is reflected in an extra shoulder ranging 

from 22°C to approximately 40°C (Figure 3.3 (D)). 

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

H
e

a
t F

lo
w

 (
W

/g
)

-10 0 10 20 30 40

Temperature (°C)

                 CB–––––––
                 CBE4– – – –
                 CBE5––––– ·
                 CBE7––– – –
                 PMF––– –––

Exo Up Universal V4.7A TA Instruments

CB 

PMF 
Group 2 

Group 1 



 Results and discussion  

The use and applicability of cocoa butter equivalents (CBEs) in chocolate products 38 

3.3.1.2 Solid fat curve as measured by pNMR 

The melting behaviour of a confectionery fat, and thus the solid fat content at certain 

temperature, is very important for the melting properties of chocolate. For this research the solid 

fat content (SFC) was determined for tempered and non-tempered samples. During a tempering 

procedure, the crystals are transformed to the more stable -polymorph, the same polymorph as 

in tempered chocolate, giving rise to a very narrow melting range. When a fat is not tempered or 

under-tempered, different polymorphic forms are present, giving rise to a wider melting range 

(Timms, 2003). For the tempered method, the samples were melted in the oven to erase all 

crystal history, then cooled so all the fat crystallized and subsequently the pNMR tubes were 

placed at 26°C for 40 hours, as is described in section 2.2.7. Without tempering, the fat does not 

transform into the polymorphic V but remains in IV (Timms,2003). 

In Figure 3.7 a comparison of the results of non tempered and tempered procedure is shown, 

using CB, a representative of group 1 (CBE1), a representative of group 2 (CBE5) and PMF. 

According to Timms (2003), the SFC of a tempered sample is lower compared to a non-tempered 

sample below the tempering temperature, above the tempering temperature the SFC of a 

tempered sample is higher. Within this research, this shift was also observed for CB and the CBEs 

of group 1, however at a lower temperature than the tempering temperature. Until 15°C, no 

differences were observed between the tempered and non-tempered sample of PMF and the 

CBEs of group 2, beyond 15°C the tempered samples had a higher SFC. The biggest difference 

between tempered and non-tempered was observed in cocoa butter, this difference was smaller 

for CBEs of group 1 and group 2 and significantly smaller for PMF. This was probably due to the 

higher amount of POP present in the CBEs and PMF: the higher the amount of POP, the smaller 

the difference. This could be indicative for other polymorphic behaviour leading to different 

tempering behaviour. 
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Figure 3.7. Comparison solid fat content non-tempered and tempered samples: CB, representatives of 
group 1 and group 2 and PMF measured by pNMR. 

 

The melting behaviour of the tempered samples is shown in Figure 3.8. Tempered cocoa butter 

has a specific melting behaviour in which typical zones can be distinguished as indicated in Figure 

1.2. Up to 25°C, PMF had a significantly higher SFC compared to the other fats, as can be seen in 

Figure 3.9 (A), indicating tempered PMF had the highest hardness. At higher temperatures, the 

SFC of PMF decreased rapidly due to the high amount of POP, which is a low melting TAG. Beyond 

25°C, the solid fat of CBE2 was significantly higher, indicating a high heat resistance and waxiness 

(Figure 3.9 (B) & (C)). When comparing the SFC at 20°C, cocoa butter, CBE6 and CBE7 were similar, 

but had a higher SFC than the other CBEs. CBE1, CBE2, CBE3, CBE5 and CBE8 had a significant 

lower SFC at 20°C compared to the other fats. The hardness (SFC at 25°C) was similar for cocoa 

butter, CBE2 and CBE6, the other CBEs had a lower SFC. At 30°C CBE3 and CBE8 had the same SFC 

as cocoa butter. CBE4, CBE5 and CBE7 had a significantly lower SFC at 30°C, indicating a lower 

heat resistance (Figure 3.9 (B)). This can be explained by the high relative amount of POP, which 

melts at lower temperatures compared to StOSt. The correlation between the relative amount of 

POP of the CBE and the SFC at 30°C is shown in Figure 3.10: the higher the relative amount of 

POP, the lower the SFC at 30°C. At 35°C all the fats still had a considerable amount of solid fat 

present, compared to data given in literature (Timms, 2003) these values were still quite high. 

Normally the SFC of cocoa butter at 35°C should be close or equal to 0%. In this measurement the 

average SFC was 4,2% for cocoa butter, comparable for the CBEs of group 2, but this value for 

CBEs of group 1 was even higher. The higher SFC at higher temperatures can be explained by the 

higher amount of StOSt, a high melting TAG, present in the CBEs of group1.  
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Figure 3.8. SFC melting curves of CB, CBEs and PMF measured by pNMR. 

 
Figure 3.9. Inserts of SFC melting curves, indicating (A) hardness, (B) heat resistance and (C) waxiness of 
CB, CBEs and PMF. 
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Figure 3.10. Correlation between SFC at 30°C of CBEs and POP/(POP + StOSt) ratio (R² = 0,93).  

 

3.3.1.3 Isothermal diagram 

In an isothermal diagram, the SFC of mixtures of CB and CBEs are shown as function of the 

proportion CB/CBE and temperature. If the samples in the mixture are completely compatible, the 

isotherms are horizontal lines between the SFC of pure CB with the SFC of pure CBE at a certain 

temperature (Pontillon, 1998a). To evaluate if the commercial CBEs are compatible with CB, the 

isothermal diagram was made. For compatible fats the isotherms in this diagram should be linear 

and horizontal and this for all temperatures. The SFC of tempered mixtures of CB and CBEs was 

measured at different temperatures. Due to tempering of the samples, the  polymorphic form 

was present. The melting behaviour of the mixtures was examined at different temperatures. 

In the isothermal diagram of the CBE1 until CBE6 (Figure 3.11), the isotherms were approximately 

linear, an indication for a good compatibility with CB. Although, when considering the isotherms 

of CBE2 at higher temperatures the SFC increased when more CBE2 was present in the mixture. A 

higher SFC at higher temperatures and a similar SFC at lower temperatures is typical for cocoa 

butter improvers (Pontillon, 1998a). The same conclusion was drawn from the isothermal diagram 

of CBE3 and CBE6, but the effect was less pronounced compared to CBE2.  
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Figure 3.11. Isothermal diagram of mixtures of CB and (A) CBE1, (B) CBE2, (C) CBE3, (D) CBE4, (E) CBE5 and 
(F) CBE6. 

 

3.3.2 Isothermal crystallization 

From the chemical analyses (section 2.2), it was found that the different samples differed in FA 

and TAG composition. Therefore the following part aimed at evaluating the influence of 

difference in composition on the isothermal crystallization. 

3.3.2.1 Isothermal crystallization as measured by DSC 

The crystallization was performed at 20°C. At higher temperature, the crystallization is too slow 

and at lower temperatures a lot of fat already starts to crystallize during cooling to the isothermal 

temperature making it difficult to evaluate the isothermal crystallization. At 20°C, a two-step 
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crystallization process occurs: first -crystals are formed, followed by the transformation to ’-

polymorphic form in the second step. The duration of the experiment was too short for the ’-

crystals to transform into a -polymorphic form. This polymorph can only be formed after, at 

least, one week of storage at room temperature (Foubert, 2003). Ziegleder (1990) stated that the 

small peak at the start of the isothermal phase is turbidity of the melt due to undefined 

components present in the fat (Figure 3.12). However Foubert et al. (2004) proofed that this is the 

first crystallization step. Because it is very difficult to integrate this small peak, only the 

’crystallization peak was analysed.  

 
Figure 3.12. Isothermal crystallization at 20°C of CB measured by DSC and integration of crystallization 
peak. 

 

From Figure 3.13 it is clear that cocoa butter and PMF crystallized faster at 20°C and that they had 

a sharper crystallization peak compared to the other confectionery fats. In Figure 3.14 the 

crystallization of the CBEs of group 1 is shown. The crystallization of CBE2 is comparable to that of 

CB, although the peak maximum is lower and tailing is observed. The other CBEs of group1 started 

to crystallize later in time, the peak maximum was significantly lower and it took more time to 

crystallize completely. The isothermal crystallization at 20°C of the CBEs of group 2 (Figure 3.13) 

was much slower compared to other samples. Generally, the crystallization peak of the CBEs was 

broader than that of CB. Tailing was visible in the crystallization curve of most CBEs, meaning 

more time was necessary to crystallize completely. 
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Figure 3.13. Isothermal crystallization at 20°C of CB, CBEs of group2 and PMF measured by DSC.  

 

 
Figure 3.14. Isothermal crystallization at 20°C of CB, CBEs of group 1 measured by DSC.  
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To compare the parameters of the ’-crystallization step, the Foubert model as described in 

section 1.1.3.2 was fitted to the data. The start- and endpoint of the integration were determined 

with a calculation algorithm as described by Foubert (2003). It should be noted that the Foubert 

model was developed for single-step crystallization, and thus only takes into account the major 

peak of the DSC-measurement. In this case, it means the heat release associated with the 

crystallization in ’ crystals (Calliauw, 2008a). By fitting the Foubert model, it is possible to 

determine aF, tind and K. Parameter ‘n’ does not attribute to the mechanistic interpretation of the 

parameters, therefore the value of n is fixed at 6 to determine the changes in K (Sichien, 2007). 

The results from the Foubert fit are shown in Table 3.5. 

Parameter aF indicates the maximum amount of crystallization in the second step of crystallization 

and is related to the amount of solid fat at equilibrium (Foubert et al., 2004). CB, PMF, CBE4 and 

CBE7 had significantly higher aF-values (74,91 J g-1 to 82,90 J g-1) compared to the values of CBE1, 

CBE2 and CBE3 (  50 Jg-1), so these fats had a higher amount of equilibrium solid fat. CBE5, CBE6 

and CBE8 had an intermediary aF (  64 Jg-1). When observing group 2, with high relative amount 

of POP, it was clear that they had a relative high aF value. The lower value of CBE5 can be 

explained by the high amount of DAG (4,58%). DAGs lower the aF considerably as stated by 

Calliauw (2008a) and Foubert et al. (2004). The CBEs enclosed in group 1 had a lower aF value. The 

significantly lower aF of CBE1 and CBE2, compared to the other CBEs of group 1, can also be 

explained by the higher amount of DAGs, however it was difficult to explain the lower aF of CBE3. 

PMF had also a high amount of solid fat at equilibrium, which is related to the high relative 

amount of POP present and the low amount of DAGs. CB had a considerably high aF value, this can 

be explained by the high amount of POSt. Calliauw (2008a) stated that the amount of POSt is 

positively correlated with the aF. Next to DAGs, FFA lower the aF (Foubert et al., 2004; Calliauw et 

al., 2008b). CB had a very high amount of FFA (2,80), indicating that if the CB would have been 

better refined, the aF would have been much higher (Calliauw et al., 2008b). 

tind is the time necessary to start the transformation from -crystals to ’-form. This parameter is 

significantly higher for CBE4 and CBE5 (group 2) compared to CB (Figure 3.13). CBE7 was the 

exception, probably due to an error in the fitting of the Foubert model to the data of CBE7. The 

high tind indicated that the transformation of  into '-crystals started later. The CBEs of group 1 

had a lower tind, indicating that tind increased with higher relative amount of POP. CB had a low 

amount of POP but high amount of POSt, furthermore the high amount of FFA increased the tind 

(Foubert, 2003; Calliauw et al., 2008b). Due to the high amount of PPP present in PMF, the tind was 
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very low and thus a rapid transformation of -crystals into ’-crystals as indicated by Cebula et al. 

(1992). It was expected from Figure 3.14 that tind of CBE6 would have been between the tind of 

CBE1 and CBE8, however this was not observed.  

Parameter K could also make the distinction between group 1 and group 2. The CBEs of group 2 

had a lower rate constant compared to group 1. Generally, when the POP content increased the 

rate constant decreased (R²=0,92) as shown in Figure 3.15. However this statement was not true 

for PMF. In PMF high amount of PPP was present, leading to quick formation of seed crystals 

which in turn gives rise to fast crystallization. Calliauw (2008a) stated that the rate constant 

significantly lowers when more DAG is present, however within this research no correlation was 

found.  

Table 3.5. Parameters of the Foubert model: aF [J g
-1

], tind [min] and K [min
-1

] for CB, CBEs and PMF. 

 

CB CBE1 CBE2 CBE3 CBE4 CBE5 CBE6 CBE7 CBE8 PMF 

aF 
[J g

-1
] 

74,91 
± 2,06 

49,81* 
± 0,32 

53,91* 
± 0,68 

49,28* 
± 0,93 

82,92** 
± 2,23 

64,75* 
± 0,72 

63,82* 
± 0,39 

77,92 
± 1,00 

63,79* 
± 3,38 

82,90** 
± 0,84 

tind  
[min] 

29,94 
± 0,78 

36,17** 
± 0,87 

24,51* 
± 1,20 

32,94** 
± 1,25 

51,78** 
± 0,93 

58,04** 
± 0,95 

26,78* 
± 1,34 

32,47 
± 1,63 

40,65* 
± 0,20 

13,66* 
± 0,55 

K  
[min

-1
] 

0,059 
± 0,005 

0,028* 
± 0,000 

0,036* 
± 0,002 

0,032* 
± 0,001 

0,012* 
± 0,001 

0,008* 
± 0,000 

0,018* 
± 0,001 

0,009* 
± 0,000 

0,022* 
± 0,001 

0,089** 
± 0,005 

* significantly lower than CB, =0,05; ** significantly higher than CB, =0,05 

 

 
Figure 3.15. Correlation between rate constant K [min

-1
] and relative % POP; (R² = 0,92; short dashed line 

= 95% confidence interval). 
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3.3.2.2 Stop-and-return by DSC 

In section 3.3.2.1 the ’-crystallization peak was integrated to give an idea about the fat 

crystallization. It was noticed that the crystallization (formation of -crystals) already starts during 

cooling, making it impossible to integrate this crystallization peak. To overcome this problem 

stop-and-return method was applied. The principle of stop-and-return DSC-experiment is the 

interruption of the isothermal crystallization at specific time intervals by heating the sample in 

order to generate melting profiles of the crystals present at the moment of interruption (Foubert 

et al., 2008). The results of the integration of the melting peaks are shown in Figure 3.16. A two-

step crystallization was found. In the beginning a rapid increase of the heat flow was noticed, 

indicating the formation of -crystals, followed by a second step, the transformation of the -

crystals into ’. The formation of the  crystals is given in the insert of Figure 3.16 The formation 

of the first crystals, i.e. the nucleation, occurred first for PMF and the CBEs of group 1. The rapid 

nucleation of PMF can be explained by the high amount of trisaturated TAGs. The CBEs of group 1 

contained more StOSt than CB, which contained on his turn more StOSt compared to the CBEs of 

group 2. StOSt is a high melting TAG, which will crystallize faster compared to POSt and POP, 

which are low melting TAGs. Therefore the nucleation started first in group 1, subsequently in CB 

and last in group 2. The nucleation is significantly faster in CBE6 compared to other samples. This 

is probably due to the significantly higher amount of mono-unsaturated TAGs (88,1%) and lower 

amount of di-unsaturated TAGs (5,1%) compared to the other CBEs (on average 86,1% and 6,5% 

respectively). PMF and CB had the steepest increase and obtained the highest heat flow: 97,6 J g-1 

and 85,7 J g-1 respectively, indicating that the crystal formation was faster and more solid fat was 

present after 230 minutes of crystallization. Most of the CBEs did not reach their equilibrium after 

230 minutes. The crystallization of the CBEs of group 2 is significantly slower. 

The curves showed a sigmoidal course, except the CBEs of group 2, indicating the transformation 

of  into ’ crystals might not have occurred. Figure 3.17 shows the stop-and-return of CBE7. 

Crystallization already took place before the main crystallization peak, as suggested in section 

3.3.2.1. This can be seen by the small peak already occurring before the main crystallisation peak. 

The formed crystals were mainly in the  polymorph. During the main crystallization peak ’ 

crystals were formed and  crystals disappeared, most probably due to a polymorphic transition 

from  to ’ (Foubert, 2003). When the crystallization was stopped before the main crystallisation 

(at 1,5 min), one melting peak with a maximum at 27,33°C and an area of 0,9188Jg-1, indicative of 

mainly  crystals was found. After some time the crystallization was stopped just before the main 

peak (50 min), a melting peak with maximum at 26,95°C and an area of 3,906Jg-1, but with a clear 
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shoulder on the high temperature side was obtained. This means that ’ crystals were already 

formed before the start of the main crystallization peak. When the crystallization was stopped at 

the start of the main crystallization peak (60 min), two melting peaks were detected: one with a 

maximum at 26,97°C, corresponding to the -crystals and one with a maximum at 31,04°C, 

corresponding to the ’-crystals. After 80 minutes, one melting peak with a maximum at 31,66°C 

and an area of 10,83 Jg-1 was obtained. A clear shoulder on the low temperature side, indicative 

of some remaining  crystals, was still present. When the crystallization was stopped in the final 

part of the main crystallization peak (230 min), one melting peak with a maximum at 32,47°C and 

an area of 66,41 Jg-1 is obtained. At the end of the crystallization (420 min) the melting profile 

showed a single peak with a maximum at 32,54°C and an area of 82,62 Jg-1. It was clear that a 

transformation from  to  crystals did occur. The shift of the peak maximum, from a lower 

(27,33°C) to a higher temperature (32,54°C) indicated the transformation of  crystals into ' 

crystals. 
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Figure 3.16. Heat flow [J g

-1
] of CB, CBEs and PMF as function of isothermal crystallization time [min].  
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Figure 3.17. Melting profiles obtained via stop-and-return method of a representative of group 2.  

 

3.3.2.3 Isothermal crystallization as measured by pNMR 

In Figure 3.18 the isothermal crystallization at 20°C measured by pNMR is shown. Also a two-step 

crystallization was found as observed with stop-and-return (section 3.3.2.2). The insert of the first 

60 minutes shows the formation of -crystals and the beginning of the transformation to the ’ 

polymorphic form. It is clear that the nucleation, occurred later for CB in comparison with the 

other samples. This can be explained by the significantly higher amount FFA present in CB which 

retards the crystallization, however this was not observed with the stop-and-return method. The 

transformation from  to ’ occurred earlier for PMF, as can be seen by the steep increase in SFC 

(Figure 3.18). The CBEs of group 2 showed a slow increase in SFC at 20°C, indicating that the 

transformation from the -polymorph into the ’ is a slow process, which is in agreement with 

the findings of DSC analysis. After 230 minutes the SFC of CBE5 was still not higher than 44,5%. 

The maximum SFC of CB is approximately 70%, the SFC of PMF equilibrates at 84,4%. CBE1, CBE3 

and CBE6 had approximately the same crystallization profile. CBE2 was the CBE which came 

closest to the crystallization profile of cocoa butter. This was also in agreement with the findings 

of the DSC analysis.  
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Figure 3.18. Isothermal crystallization at 20°C of CB, CBEs and PMF measured by pNMR. 

 

Differences were observed between the curves obtained with the stop-and-return method 

(section 3.3.2.2) and those obtained with pNMR. In SFC measurements, it was seen that the 

crystallization started later for CB, however this was not found in the stop-and-return 

measurement. The SFC of CB after 230 minutes is not significantly different from the SFC of CBE4 

and CBE6 (Figure 3.18), however larger differences in melting heat were observed between CB 

and those CBEs (Figure 3.16). Differences in sample weight or volume, equipment design and its 

impact on the thermodynamics of the system and, heat and mass transfer conditions existing in 

each measurement device may affect the process to a different extent (De Graef et al., 2007).  
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3.3.2.4 Isothermal crystallization as visualized by polarised light microscopy 

Isothermal crystallization of fat into crystals, crystal clusters and the formation of network can be 

visualized by PLM. A follow-up was performed during the first 230 minutes of the isothermal at 

20°C, to capture the beginning of the isothermal crystallization. Afterwards, isothermal 

crystallization at 20°C and 26°C was recorded during six weeks on a regular base. 

3.3.2.4.1 Start of isothermal crystallisation at 20°C 

In this experiment the samples were submitted to the same time-temperature procedure as used 

within the isothermal crystallization by means of DSC and pNMR. An image was made at the same 

intervals as used in the isothermal crystallization measured by pNMR. 

The black background was liquid fat, crystals were polarised and appeared as white spots. 

Crystallization of cocoa butter and CBEs was observed from the start of the isothermal phase. The 

crystals of all samples had a granular appearance. The photos on the left in Figure 3.19 show the 

amount of crystals formed after one minute of crystallization at 20°C, on the right after one hour 

of CB, a representative of group 1 (CBE2) and group 2 (CBE4). In agreement with DSC and pNMR, 

the crystallization of CBEs belonging to group 1 was similar but slightly slower than cocoa butter. 

The crystallization of CBEs of group 2 was significantly slower, as can be found in Figure 3.19. A 

representative sample of group 2 (CBE4), had significantly lower amount crystals after 1 minute of 

crystallization. After one hour, the crystallization had proceeded more in CB and group 1, this 

could be seen as a more dense packing of the crystals.  
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Figure 3.19. PLM images of isothermal crystallization at 20°C after 1 minute: (A) CB, (C) group 1, (E) 
group 2; after 60 minutes: (B) CB, (D) group 1, (F) group 2. 

 

3.3.2.4.2 6 week follow-up 

For 6 week follow-up, the samples were prepared as described in section 2.2.8 and were stored at 

20°C and 26°C for six weeks. The crystal formation was evaluated after 24 hours and every week 

for a period of six weeks. 
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 Results and discussion  

The use and applicability of cocoa butter equivalents (CBEs) in chocolate products 54 

FOLLOW-UP AT 20°C 

After 24 hours the crystallization image of all fat samples appeared the same as after 1 hours, as 

demonstrated in Figure 3.20. After 24 hours, a dense network of small granular crystals was 

formed. No differences were distinguished between the different CBEs and cocoa butter.  

 

 
Figure 3.20. PLM images of isothermal crystallization at 20°C after 24 hours: (A) CB, (B) group 1, (C) 
group 2. 

 

After one week at 20°C, the crystals had grown and the network was even more dense. After two 

weeks, the morphology of the crystals within the CBEs was no longer uniform. Aggregates started 

to form, this was visible as a feather-like periphery with a granular structure in the centre, as 

shown in Figure 3.21. The crystallites on the inside were similar in morphology to the crystals 

formed after one week, however the crystallites were larger. According to Marangoni et al. 

(2003), these aggregates are crystals of the -polymorph, this -polymorph cannot be obtained 

directly from the melt, but are present due to the transition from ’ to -polymorph. For cocoa 

butter, it took up to four weeks before aggregates became visible, as shown in Figure 3.22 (A).  

A B 

C 
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Figure 3.21. PLM images of isothermal crystallization at 20°C after 2 weeks: (A) group 1, (B) group 2. 

 

After four weeks, the aggregates of group 1 had grown in time and changed in morphology, the 

granular inside became smaller as more feather-like crystals were formed (Figure 3.22 (C)). These 

larger aggregates had another morphology when comparing with group 2. The aggregates formed 

within CBEs of group 2 did not have a granular centre, the whole microstructure looked feather-

like and the aggregates were smaller, as shown in Figure 3.22 (E). However the formation of 

aggregates within CB were only visible after four weeks, the aggregates were large and feather-

like (Figure 3.22 (A)). After five and six weeks the crystals had further grown but the aggregates 

did not change in morphology anymore (Figure 3.22 (B), (D) & (F)). These large aggregates were 

also visible by the naked eye.  

 

 

 

  

A B 
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Figure 3.22. PLM images of isothermal crystallization at 20°C after 4 weeks: (A) CB, (C) group 1, (E) 
group 2; after 6 weeks: (B) CB, (D) group 1, (F) group 2. 

 

FOLLOW-UP AT 26°C 

Storage at 26°C showed larger differences between the different samples compared to storage at 

20°C. At 26°C the ’-polymorph can be formed directly from the melt, which can be seen as 

crystallites with a needle like appearance. The transformation of ’ into -polymorph was visible 

by the formation of aggregates (Marangoni et al. 2003). After 24 hours needle like crystals were 

visible for cocoa butter (Figure 3.23 (A)), and the CBEs from group 1, although within group 1 also 

small aggregates were formed after 24 hours as shown in Figure 3.23 (C). The needle crystals of 

CBEs of group 2 formed little star-like clusters (Figure 3.23 (E)). After two weeks the small 
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aggregates of group 1 transformed into feather-like structures with granular centre, the star-like 

aggregates of group 2 and the needle crystals of CB had grown and clustered more, as shown in 

Figure 3.23 (B), (D) & (F). After six weeks, the crystals and aggregates had grown, but no change in 

morphology had occurred. The needle crystals of CB clustered but no feather-like aggregates were 

formed.  

 

 

 
Figure 3.23. PLM images of isothermal crystallization at 26°C after 24 hours: (A) CB, (C) group1, (E) 
group 2; after 2 weeks: (B) CB, (D) group 1, (F) group 2. 

 

Generally, clear differences were observed in the crystallization at 20°C and 26°C between group1 

and group 2. These differences can be attributed to the difference in TAG composition. At 20°C, 
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higher amounts of POP and lower amount of StOSt gave rise to crystal aggregates with a feather-

like structures without granular centre. A granular centre was although observed within the CBEs 

of group 1. At 26°C, higher amount of POP and lower amount of StOSt gave rise to star-like 

crystals and clusters in stead of needle crystals and feather-like clusters as observed within 

group1. 

Over the 6 weeks, at 20°C or 26°C, the structure of PMF only slightly changed. During this time 

interval the network of crystals became more dense, but no clear aggregates occurred, as shown 

in Appendix III. 

3.3.3 Texture analysis 

In the previous sections the microstructure of CB and CBEs was observed. The aim of this section 

was to link the microstructural properties of the samples to the macroscopic properties, therefore 

the hardness of the crystallized samples, stored at 20°C and 26°C, was measured by using a 

penetration test (section 2.2.9). The hardness is the maximum force (N) required to penetrate the 

sample.  

3.3.3.1 Hardness at 20°C 

In Figure 3.24 the hardness of the tempered samples stored at 20°C are shown. For all the 

samples a significant increase in hardness was established between 24 hours and one week of 

storage. The hardness of cocoa butter after 24 hours (47,8N ± 5,0N) is significantly higher than the 

hardness of CBE3 (31,5N ± 1,05N) and CBE8 (32,8N ± 1,12N). After one week the hardness of 

cocoa butter significantly increased (81,1N ± 1,12N) and was significantly higher than the other 

samples. The hardness of CB decreased after two weeks and remained stable in time. It should be 

remarked that the hardness of CBE3, CBE7 and CBE8 was significantly lower during the entire 

period of storage. However no correlation could be found between the composition, 

crystallisation properties and the hardness of these CBEs at 20°C. For all the CBEs no significant 

differences were found in the hardness after one week and two weeks of storage. After three 

weeks the hardness of CBE4, CBE6, CBE7 and PMF decreased significantly.  

The increase in hardness can be attributed to post crystallization: solid bridges are formed 

between crystals and aggregates, also called sintering of the fat crystal network (Vereecken, 

2010). The sintering leads to a further strengthening of the crystal network and subsequently an 

increase in hardness (De Graef et al., 2007). Brunello et al. (2003) observed a drastic decrease in 

hardness of CB after a longer period of storage at 20°C, which they associated with a completed 
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polymorphic transition from ’ to . Within this research the samples were tempered. The 

decrease in hardness can be an indication that the samples were not completely in the V 

polymorphic form after tempering. During storage the polymorphic transition proceeded and 

when this transition was completed, the hardness dropped. The decrease could also be attributed 

to the polymorphic transition from V to VI. This transition is normally associated with fat bloom, 

but is has been shown that the polymorphic transition may occur without fat bloom formation. 

Fat bloom gives rise to a grainy structure (Vereecken, 2010). However the time period of this 

experiment was too short to have obtained fat bloom. 

 
Figure 3.24. Hardness of tempered samples stored at 20°C measured by penetration test. 

 

3.3.3.2 Hardness at 26°C 

In the following part the hardness of tempered fats stored at 26°C is described. The results of the 

hardness measurements are shown in Figure 3.25. The hardness of all the samples, except PMF, 

had an increase in hardness between 24 hours and one week, after two weeks of storage the 

hardness had slightly increased or stayed stable for CBE2 and CBE4. After three weeks the 

hardness had approximately equilibrated or small decreases were noticed for CBE3 and CBE8. This 

decrease in hardness after three weeks of storage could again be contributed to the completed 

transformation of ’ into (Brunello et al, 2003). The hardness of PMF did not change 

significantly over time, after three weeks of storage a small increase in hardness was noticed.  

After 24 hours the hardness of cocoa butter was equal to that of CBE2 and PMF, the other CBEs 

had a lower hardness. From Figure 3.25 it is immediately clear that cocoa butter had a significant 
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stronger increase in hardness after 24 hours of storage at 26°C. Cocoa butter had a significantly 

higher hardness after one (58,7N ± 0,80N), two (53,7N ± 5,02N) and three weeks ( 42,9N ± 1,96N) 

compared to the other CBEs. The CBEs from group 1 had generally a higher hardness compared to 

the CBEs from group 2. Within group 2 smaller crystal aggregates were formed at 26°C in section 

3.3.2.4.2, this can be linked to the lower hardness of these samples.  

Generally the hardness of the samples at 26°C was significantly lower than at 20°C. This can be 

explained by the lower solid fat present at this temperature. From section 3.3.1.2 it was clear that 

the samples from group 2 had significantly lower SFC at temperatures between 25°C and 30°C, 

these samples also had a significantly lower hardness at 26°C.  

 
Figure 3.25. Hardness of tempered samples stored at 26°C measured by penetration test. 

 

The results of the hardness measurements should be interpreted carefully because of high 

relative error on the repetitions of the measurements. Normally, a relative error of 10% is 

excepted, but this limit is often exceeded. 

3.4 Evaluation of chocolate production 

In the second part of this research, chocolate products were produced with the CBEs to evaluate 

the influence of their use on the chocolate quality. Therefore chocolates were made with 5% CBE 

(on product base), according to EU Directive 2000/36/EC and compounds with full fat 

replacement (FFR). For the chocolates with partial replacement of CB, blends were produced as 

explained in section 2.3.1. An overview of the prepared chocolate products is given in Table 3.6, 

the coding in the left column will be further used in the discussion of the results.  
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Table 3.6. Coding of the produced chocolate products. 

Code Replacement  

ChocREF CB No replacement 

Choc1 CBE1 Partial replacement 

Choc4 CBE4 Partial replacement 

Choc5 CBE5 Partial replacement 

Choc6 CBE6 Partial replacement 

ChocPMF PMF Partial replacement 

Comp1 CBE1 FFR 

Comp2 CBE2 FFR 

Comp3 CBE3 FFR 

Comp4 CBE4 FFR 

Comp5 CBE5 FFR 

Comp6 CBE6 FFR 

 

In the different steps of chocolate making no differences were observed. In the first part of this 

research, differences were found in the TAG composition of the CBEs, giving rise to different 

crystallization. From the ternary plot (Figure 1.4) it was clear that the CBEs were not within the 

area, marked of by the red line, indicating same temperability as CB, as suggested by Padley et al. 

(1981). However no difference in temperability of the chocolates was noticed. This can be 

explained by the fact that the chocolates were tempered by hand, this process is susceptible to 

variation. Differences between the chocolates could probably be noticed, when a tempering 

machine is used. 

3.5 Influence of cocoa butter equivalents on chocolate quality parameters 

Every chocolate was produced in duplicate or triplicate. Intra- and intervariation of the 

measurements should be taken into account when evaluating the quality parameters of the 

chocolate, therefore an average value for each parameter was calculated with corrected standard 

deviation as explained in section 2.5. 

3.5.1 Melting behaviour 

The melting profile of the different chocolate products was determined by DSC. Following 

parameters were determined: Tonset [°C], Tpeak [°C], width at half height [°C] and Hmelt [J g-1]. Hmelt 

was calculated by integrating the area of the melting curve. All data are provided in Appendix IV. 
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No significant differences were found between the Tonset of the ChocREF and the other chocolates 

and compounds after 24 hours and one week after tempering (Tonset (ChocREF) = 27,28°C±0,51°C). 

However after two and four weeks, the Tonset of ChocREF was significantly higher than Tonset of the 

Comp1, Comp3, Comp4 and Comp5, as illustrated in Table 3.7. The Tonset of the other compounds 

was also lower, but not significantly. The higher onset temperature of ChocREF can be explained by 

the typical narrow melting peak of tempered chocolate. The compounds contained more POP 

(low melting TAG), leading to a lower Tonset.  

Table 3.7. Tonset [°C] of the melting peak of tempered chocolate products measured by DSC.  

 ChocREF Comp1 Comp3 Comp4 Comp5 

Tonset 2 weeks [°C] 27,78 ± 0,30 26,26 ± 0,15* 26,37 ± 0,14* 26,34 ± 0,12* 26,24 ± 0,12* 

Tonset 4 weeks [°C] 27,72 ± 0,27 26,52 ± 0,12* 26,41 ± 0,17* 26,43 ± 0,24* 26,07 ± 0,08* 

 * significantly different from CB, =0,05 

 

When evaluating the peak maximum, no significant differences were observed over a four week 

period. One exception was ChocPMF: after 24 hours the peak maximum was significantly lower 

compared to ChocREF, however this difference disappeared after one week. The values of Tpeak 

fluctuated around 33,48°C.  

The evaluation of Hmelt revealed no significant difference between the chocolate products over a 

period of 4 weeks. The Hmelt was around 38,7 J g-1. 

Well tempered chocolate should melt rapidly in the mouth, giving rise to a cooling sensation and 

intense flavour release. Therefore the chocolate should have a narrow melting peak. To evaluate 

this, the peak width at half height was determined. The peak width at half height for ChocREF was 

around 5,15°C (± 0,13°C) and did not change over time. No significant differences were also 

observed between ChocREF and the chocolates with partial replacement of CB. The width at half 

height was significantly higher for Comp1, Comp2, Comp3 (except at 24 hours) and Comp6 over the 

four weeks of storage (Table 3.8). 
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Table 3.8. Width at half height of the melting peak of tempered ChocREF and the compounds products 
measured by DSC. 

Width at half height [°C] 24 hours 1 week 2 weeks 4 weeks 

ChocREF 5,33 ± 0,30 5,16 ± 0,26 5,02 ± 0,16 5,10 ± 0,18 

Comp1 5,95 ± 0,11* 5,69 ± 0,16* 6,00 ± 0,03* 6,02 ± 0,10* 

Comp2 6,41 ± 0,13* 6,21 ± 0,31* 6,06 ± 0,19* 5,93 ± 0,26* 

Comp3 5,56 ± 0,27 5,77 ± 0,17* 5,83 ± 0,19* 5,88 ± 0,18* 

Comp4 5,15 ± 0,29 5,30 ± 0,18 5,54 ± 0,16 5,51 ± 0,13 

Comp5 5,63 ± 0,22 5,32 ± 0,18 5,51 ± 0,05 5,63 ± 0,09 

Comp6 6,12 ± 0,36* 5,98 ± 0,34* 6,22 ± 0,16* 5,74 ± 0,35* 

* significantly different from CB, =0,05 

 

No difference in melting behaviour was observed between ChocREF and the chocolates with partial 

replacement, even the chocolate with PMF. However significant differences were found between 

ChocREF and Comp1, Comp2, Comp3 and Comp6, which are produced with CBEs of group 1. The 

melting profile of these compounds had a lower Tonset and a broader peak. This can be explained 

by the higher amount of StOSt present. From the SFC measurements (section 3.3.1.2) it was clear 

that these samples had higher SFC at higher temperature. The broader melting profile can lead to 

waxy mouth feel, less cooling sensation and less intense flavour release as indicated in section 

1.1.3.2. 

3.5.2 Texture analysis 

To evaluate the hardness of the tempered chocolate bars, two test were performed. The three 

point bend test measuring the fracturability and a penetration test measuring the hardness. The 

fracturability and hardness were measured after 24 hours, one week and two weeks after 

tempering, a penetration test was also performed after four weeks storage at 20°C. Each 

measurement was repeated ten times.  

Afoakwa et al. (2008a) showed that the hardness of chocolate depends on the degree of 

tempering, the lowest hardness was found in optimal tempered chocolates, under-tempered 

chocolates had the highest values, the hardness of over-tempered chocolate was intermediate. A 

pre-experiment was performed to evaluate the influence of the tempering degree on the 

hardness. Results showed that the hardness was equal for chocolates tempered with a temper 

index (TI) between 4,5 and 5. Therefore, in this research, the chocolates were tempered with a TI 

between these boundaries.  
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3.5.2.1 Three point bend test 

A chocolate bar was placed on a table, only the edges were supported. A plastic cutting probe 

pressed the bar in the middle until it broke. The fracturability is defined as the maximum force (N) 

required to break the bar. No significant differences were found in fracturability between ChocREF 

(74,9N ± 7,38N), the chocolates with partial replacement and the compounds. The fracturability 

also did not significantly change over time, as shown in Table 3.9. Vítová et al. (2009) also found 

no significant differences between a reference chocolate and the chocolates with 5% replacement 

with vegetable fats, but the compound showed a significant lower hardness. However, in this 

research, the fracturability of the compounds did not differ from ChocREF. 

It should be mentioned that the standard deviation on the measurements was very high, the 

relative error was mostly higher than 10%, indicating that these measurements were not 

reproducible.  

Table 3.9. Fracturability of the tempered chocolate products measured after 24 hours, 1 week and 2 
weeks by three point bend test. 

 
24 hours 1 week 2 weeks 

ChocREF 81,26 ± 8,86 76,78 ± 11,30 66,78 ± 10,93 

Choc1 90,23 ± 12,90 76,09 ± 11,34 87,28 ± 15,31 

Choc4 83,40 ± 11,42 66,92 ± 5,71 75,10 ± 13,96 

Choc5 76,89 ± 9,35 78,83 ± 8,91 75,62 ± 7,31 

Choc6 86,34 ± 8,36 87,07 ± 6,57 79,09 ± 6,37 

ChocPMF 82,16 ± 8,38 81,75 ± 11,79 64,90 ± 11,31 

Comp1 87,83 ± 9,24 75,55 ± 5,78 72,96 ± 7,43 

Comp2 82,50 ± 6,83 68,46 ± 6,05 77,96 ± 6,16 

Comp3 84,27 ± 15,59 68,67 ± 10,43 67,46 ± 10,75 

Comp4 84,02 ± 6,63 75,47 ± 6,61 81,09 ± 7,11 

Comp5 85,22 ± 5,39 79,76 ± 12,89 79,22 ± 10,30 

Comp6 78,06 ± 7,18 85,07 ± 6,64 94,63 ± 8,38 

 

3.5.2.2 Penetration test 

A method to evaluate the hardness of chocolate is the penetration test. A chocolate bar was 

placed on the table, the probe penetrated the chocolate 5 mm deep. The hardness is defined as 

the maximum force (N) required to penetrate the sample. The penetration test was more 

reproducible than the three point bend test, the relative error varied around 2%.  
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In Figure 3.26 the average values of the hardness with corrected standard deviation per chocolate 

are shown. There were significant differences in hardness, however no trend in hardness could be 

found from this measurements. The large variation was due to the fact that the difference in 

hardness of the repetitions of chocolates was very high.  

 
Figure 3.26. Hardness of tempered chocolates measured after 24 hours, 1 week, 2 weeks and 4 weeks 
measured by penetration test. 

 

The hardness of all chocolate product was also measured on the same day, more than 6 weeks 

after tempering, so it was assumed that the hardness of the samples would have been stabilised. 

The results from these measurements are shown in Figure 3.27. When comparing the different 

chocolates, the ChocREF had a significantly higher hardness (15,58N ± 1,16N) compared to the 

chocolates produced with partial and full fat replacement. The Comp4 and Comp5 (with CBEs of 

group 2) had significant lower hardness, respectively 13,58N (± 0,17N) and 13,69N (± 0,23N), than 

the other chocolates and compounds. However this could not be explained by the hardness 

measurements of the CBEs at 20°C. In the hardness measurements of the fat samples at 20°C, 

CBE3 had a significant lower hardness than CBE4 and CBE5, but when comparing the compounds, 

the opposite is observed. The chocolates produced with CBEs up to 5% had an intermediate 

hardness between the ChocREF and the corresponding compound. One exception is Choc6, which 

had a similar hardness as Comp6.  
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Figure 3.27. Hardness of tempered chocolate products measured by penetration test. * significantly 

different from CB, =0,05; ** significantly different from CB and other CBEs, =0,05. 

 

3.5.3 Rheology 

Rheological measurements were performed on the chocolate to evaluate differences in flow 

behaviour of the chocolates. The Casson model was fitted, as such the Casson yield stress [Pa] and 

Casson viscosity [Pa.s] were calculated.  

3.5.3.1 Yield stress 

The Casson yield stresses obtained for the different chocolates are shown in Figure 3.28. The yield 

stress of the ChocREF was equal for Comp1, Comp2, Comp3, Choc1 and Choc4 and significantly higher 

for the other chocolates and compounds. Maheshwari & Reddy (2005) noticed that due to 

addition of kokum fat, which contains higher amounts of StOSt, the yield stress increases. A 

correlation (R²=0,80) was found between StOSt/(POP + StOSt) and the yield stress (Figure 3.29). 

There is a trend that if the ratio StOSt/(POP + StOSt) increased the yield stress increased, however 

it should be noticed that the standard deviation on the yield stress values was relative high.  

 

 

* * 

* 
* 

* 

* 

* 

** ** 
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Figure 3.28. Casson yield stress [Pa] of chocolate products. * significantly different from CB, =0,05. 

 

 
Figure 3.29. Correlation between Casson yield stress [Pa] and StOSt/(POP + StOSt); (R² = 0,80; short 
dashed line = 95% confidence interval). 

 

3.5.3.2 Viscosity 

Next to the yield stress, the viscosity of the chocolates was determined (Figure 3.30). No 

significant differences could be found between the viscosity of ChocREF and the other chocolates 

and compounds. This confirms the findings of Maheshwari & Reddy (2005).  

 

* 

* 

* 

* * 
* 
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Figure 3.30. Casson viscosity [Pa.s] of the chocolate products. 

 

3.5.4 Colour 

The colour measurement of the fats itself was not performed, however it was clear that there was 

a significant difference in colour between CB and the CBEs. This difference could be detected by 

the naked eye, the CB had a dark yellow colour, the CBEs were white. This colour difference of the 

fat samples could have an influence on the colour of the chocolates and compounds. The 

formation of a crystal network also gives rise to scattering of the light and reduces the lightness of 

a product (Afoakwa et al., 2008b). Due to difference in crystallization properties, the crystal 

network could be influenced, giving rise to a difference in lightness of the chocolates and 

compounds. The colour was expressed following the CIEL*a*b*-system. However no significant 

differences could be established. The lightness (L*) ranged from 26,80 to 27,75, a* from 6,18 to 

6,48 and b* from 4,16 to 4,48.  

The cocoa mass used in the production of the chocolate products had a dominant dark brown 

colour, so differences in colour of the fat is masked by the colour of the cocoa mass. Differences 

in crystallization between CB, the CBEs and PMF had not influenced the lightness, L*, of the 

chocolate products.  
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3.5.5 Sensory evaluation 

3.5.5.1 Consumers 

Two different test, e.g. ranking test and triangle test, were elaborated. Normally a trained panel is 

used, but in this research the aim was to verify if consumers were able to distinguish differences 

between the different chocolates.  

Higher SFC could give rise to a waxy mouth feel, therefore the melting properties were evaluated 

by means of a ranking test. The aim of the ranking test was to evaluate whether the consumer 

was able to rank chocolates in order of melting properties from good (1) to worse (3). This was 

done because in the analyses of the CBEs, it was clear that the SFC at temperatures between 35°C 

and 40°C (section 3.3.1.2) was higher than for CB. The ChocREF, chocolate with partial replacement 

and the compound needed to be ranked. The chocolate and compounds of two CBEs were used, 

CBE6 a representative sample of group 1 and CBE4 a representative sample of group 2 was used. 

The results are shown in Table 3.10. 

To evaluate the results of the ranking test, a non-parametric Friedman test was performed. From 

the Friedman test, no significant differences were distinguished between melting properties of 

the ChocREF and the ones produced with CBE6 ( ²(2)=5,2; p=0,074) or CBE4 ( ²(2)=3,846; p=0,146). 

From Table 3.10 it is clear that the compounds had a lower score, meaning they had better 

melting properties, however this difference was not significant.  

Table 3.10. Statistical results of the ranking test performed by consumers. 

 N Rank mean Rank sum   N Rank mean Rank sum 

CB 15 2,13 32  CB 13 2,38 31 

CBE6 5% 15 2,33 35  CBE4 5% 13 2,00 26 

CBE6 FFR 15 1,53 23  CBE4 FFR 13 1,62 21 

 

A triangle test is mostly used to determine whether a sensory difference between two products 

exists, without referring to a specific characteristic. For this triangle test the ChocREF was 

compared to a compound and a chocolate with 5% CBE on product base. To determine whether 

the two different chocolates could be distinguished a statistical table was used, in this table the 

critical number of correct responses in a triangle test are indicated. This critical number is the 

amount of correct responses needed for n respondents to state that there is a significant 

difference on a significance level of 95% (Meilgaard et al.,2007). 
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In Table 3.11 the number of respondents (N) and the amount of correct answers are given, in the 

last row the critical number of correct responses needed to have a significant difference, on a 

significance level of 95%, are shown. As the number of correct answers was always below this 

critical number, it could be concluded that the consumers were not able to detect differences 

between the reference chocolate and a compound. No significant differences were established 

between gender and the amount of correct answers, both men and women had difficulties 

identifying the odd sample. People who frequently consume chocolate (at least once a week) did 

not score better than people who consume chocolate once a month or less. Vítová et al. (2009) 

found that full fat replacement of cocoa butter did influence the sensory characteristics of 

chocolate, however the consumers within this research were not able to distinguish any 

difference. 

Table 3.11. Statistical results of triangle test performed by consumers. 

 CBE1 CBE2 CBE3 CBE4 CBE5 CBE6 PMF 

N 20 26 21 19 24 29 15 

Correct 9 10 6 10 5 7 3 

Critical number 11 14 12 11 13 15 9 

 

3.5.5.2 Trained panel 

Three chocolates, e.g. ChocREF, Comp2 and Comp4, were evaluated by a trained panel, the panel 

consisted of eleven peoples. The evaluation sheet is shown in Appendix I, in this sheet attributes 

for view, aroma, taste and texture needed to be scored on a 9-point hedonic scale (1=not present, 

9=very strong presence). In the following part, only the most important parameters of the test are 

discussed, the averages are given in Table 3.12. For all the attributes tested in this survey, no 

significant differences were observed. The chocolate and compounds scored high for snap and 

hardness. From the texture analysis, it was concluded that the hardness of the ChocREF was 

significantly higher (section 3.5.2.2), however the trained panel was not able to detect this 

difference. There was no or very small grainy mouth feel for all the samples. All the other 

attributes showed in Table 3.12 scored between four and six. 
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Table 3.12. Average scores of the attributes of sensory analysis by trained panel. 
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ChocREF 
6,0 

±1,8 
4,7 

±2,0 
5,4 

±1,8 
6,0 

±1,6 
7,8 

±1,0 
7,4 

±1,0 
2,3 

±1,9 
4,9 

±1,3 
4,1 

±1,6 
5,9 

±1,6 

Comp2 
5,6 

±1,7 
4,8 

±1,9 
5,3 

±1,8 
6,0 

±1,5 
7,9 

±1,0 
6,9 

±1,4 
2,5 

±1,7 
4,1 

±1,1 
4,2 

±1,6 
5,9 

±1,6 

Comp4 
5,7 

±1,7 
4,5 

±1,8 
6,0 

±1,6 
6,0 

±1,5 
7,9 

±0,9 
7,4 

±1,4 
2,4 

±1,4 
4,3 

±1,3 
4,2 

±1,4 
6,1 

±1,6 

 

SFC and DSC revealed differences in melting profile, therefore panellists were asked to evaluate 

the melting behaviour of three chocolates, e.g. ChocREF, Comp2 and Comp4. They had to register 

the solid fraction [%] in function of time [s]. The melting behaviour was registered by the 

panellists, however large variation on the scaling of the solid fraction over time was detected 

between the panellists. The average values of the scores of the panellists was calculated and is 

shown in Figure 3.31. From this figure it is clear that there was a trend to score the solid fraction 

of CBE2 higher than that of CB and CBE4. The SFC of CB and CBE4 at 35°C was approximately the 

same, the SFC of CBE2 was significantly higher (section 3.3.1.2). This could explain why there was 

a trend to score the solid fraction of Comp2 higher than Comp4 and ChocREF. However it should be 

noted that this difference was small.  

 
Figure 3.31. Average melting behaviour as registered by the trained panel. 

 
In the instrumental analyses of the chocolate products slight differences were found in melting 

behaviour, hardness and yield stress. From sensory analyses with consumers and trained 

panellists, it is clear that these differences are very hard to detect by humans.  
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General conclusions 
This study was designed to investigate and compare the physicochemical properties of 

commercially available (CBEs) and hard palm mid fraction (PMF), often used in the production of 

CBEs, with the properties of cocoa butter. Subsequently their applicability in chocolate products 

was evaluated by studying their influence on the quality parameters of the chocolate products. 

First a characterisation of the samples was performed. The CBEs and PMF contained a similar 

(12,0% to 13,8%) but significant lower amount of POSt compared to CB (38,7%). Based on the 

triacylglycerol composition the CBEs were divided into two groups: group 1 had a lower amount 

of POP and a higher amount of StOSt compared to group 2. 

Secondly, the influence of their composition on the crystallization and melting behaviour was 

examined by DSC and pNMR. Differences in non-isothermal crystallization and melting profile 

were observed between CB and the CBEs. A higher amount of POP, a low melting TAG, gave a 

lower peak maximum. An extra peak was observed before the main crystallization and after the 

melting peak of the CBEs due to presence of PPP. The melting behaviour of tempered samples 

was measured by pNMR. The SFC of PMF and the CBEs of group 2 decreased rapidly at 

temperatures above 25°C, due to high amount of POP. Beyond 35°C, CB had the lowest SFC, the 

CBEs had higher values, which could give rise to waxiness. The two-step isothermal crystallization 

at 20°C was measured by DSC and pNMR. The nucleation started earlier as the StOSt content 

increased. CB and PMF had a high amount of solid fat at equilibrium, tind of ’-crystallization was 

smaller and the rate constant was significantly higher than most CBEs. Generally, the CBEs of 

group 1 had a lower amount of solid fat at equilibrium, smaller tind and a higher rate constant 

compared to the CBEs of group 2. However, these Foubert parameters were influenced by the 

amount of DAG, FFA and PPP. After 230 minutes of isothermal crystallization at 20°C, group 1 

showed a sigmoidal course similar to that of CB, this was not the case for the CBEs of group 2.  

Subsequently, the crystallization at 20°C and 26°C was visualized by PLM over a six week period. 

At 20°C the crystals had a granular morphology. Aggregates, indicating the transformation of ’ to 

-crystals, started to form after two weeks for the CBEs and only after four weeks for cocoa 

butter. Differences in morphology were demonstrated between the CBEs of the two groups: the 

aggregates of group 1 had a granular centre and a feather-like periphery, those of group 2 had a 

complete feather-like morphology and were smaller. Crystals at 26°C were not granular, but had a 

needle morphology. Clear differences were found between the CBEs, the crystals of group 2 
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started to gather into small star-like clusters, the clusters formed within group 1 had another 

morphology. Aggregates with feather-like morphology were only found within group 1 after two 

weeks. 

Texture analysis was performed on tempered samples stored at 20°C and 26°C. Generally the 

hardness at 20°C was the lowest for CBE3, CBE7 and CBE8, however no correlation could be found 

between composition, crystallization properties and the hardness. At 26°C, CB was harder than all 

other samples. The CBEs of group 1 had generally higher hardness compared to group 2.  

In the second part, the influence of the use of CBEs on the quality of the chocolate products was 

evaluated. No significant differences were observed in melting behaviour between ChocREF and 

the chocolates with partial replacement, but compounds produced with CBEs of group 1 had a 

significantly broader melting peak. ChocREF had significant higher hardness. The compounds 

produced with CBEs of group 2 were significantly softer. The quality of chocolate was also 

determined by the flow behaviour. Differences were demonstrated in yield stress, but viscosity of 

all chocolate products was the same.  

Finally, the chocolate products were evaluated by consumers and a trained panel. However 

significant differences were observed from the instrumental analysis, these differences could not 

be detected by the consumers. Even the trained panel members had difficulties to detect any 

difference, also in the melting behaviour of the products. 

OVERALL CONCLUSION 

The trend of increasing price of cocoa butter drives manufacturers to use cocoa butter 

equivalents in chocolate. The commercially available cocoa butter equivalents are very good 

alternatives for cocoa butter. Addition of cocoa butter equivalents up to 5% did not influence the 

quality of the chocolate, even PMF, often used as source for CBEs, is a useful replacer.  

 



 Further research  

The use and applicability of cocoa butter equivalents (CBEs) in chocolate products 74 

Further research 
For the analysis of the cocoa butter equivalents, it can be interesting to investigate their 

crystallization under shear, by means of oscillatory rheology. 

Further research can be performed on the temperability of the chocolates. It was very difficult to 

evaluate the temperability by means of tempering by hand. It is advisable to set up a tempering 

test in which a tempering unit is used. In this tempering unit, the temper settings can be fixed. 

The temper index and CTU can be determined to establish differences in temperability.  

For the texture analysis of the chocolate two different methods (eg. three point bend test and 

penetration test) were used, both of them have their own drawbacks. These methods need to be 

further optimized for the use of measuring the fracturability and hardness of chocolate.  

Because fat bloom is a serious problem within the chocolate manufacturing. The presence of 

cocoa butter equivalents instead of cocoa butter may give rise to accelerated or delayed fat 

bloom formation. Therefore an analysis on the effect of adding CBEs in chocolate products to the 

fat bloom formation would be interesting. 
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Appendix 

Appendix I Sensory analysis 

Triangle test 

Naam: _____________________________________________  Geslacht: M/V 

Leeftijdscategorie:  < 20 jaar  30-40 jaar  50-60 jaar 

  20-30 jaar   40-50 jaar  >60 jaar 

 

Hoe vaak eet u chocolade? 

 Elke dag  Paar keer per jaar  Nooit 

 Paar keer per week  Één keer per jaar 

 Paar keer per maand  Minder dan één keer per jaar 

Instructies: 

Proef de stalen op de schaal, begin linksboven en ga in wijzerzin verder. Twee stalen zijn identiek; 
één is verschillend. Selecteer het staal dat verschilt van de andere twee en plaats een X naast de 
code van dit afwijkend staal.  

Staal op het schaaltje           Opmerking 

 636   ___________________________________  

 759   ___________________________________  

 253   ___________________________________   

Indien u graag wil neerschrijven waarom u deze keuze gemaakt hebt of u wilt het product 
becommentariëren, dan kan dit in de kolom ‘Opmerking’. 

 

Bedankt voor uw deelname! 
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Ranking test 

 
 
Taster n°.:  ______________  Datum:  _______________________________  
Naam: _________________________________________  Geslacht: M/V 
Leeftijdscategorie:  < 20 jaar  40-50 jaar 
  20-30 jaar   50-60 jaar  
  30-40 jaar  >60 jaar 
 
Hoe vaak eet u chocolade? 
  Elke dag  Één keer per jaar 
  Paar keer per week  Minder dan één keer per jaar 
  Paar keer per maand  Nooit 
  Paar keer per jaar 
 

 
Instructies: 
Proef de stalen op de schaal van links naar rechts. Rangschik deze van beste mondgevoel 
(=1) naar minst aangenaam mondgevoel (=3). Met mondgevoel wordt verwezen naar hoe 
goed de chocolade smelt in de mond. 

 
Staal op het schaaltje Score Opmerking 

 _____________    _________________________________  

 _____________    _________________________________  

 _____________    _________________________________   
 

 
Indien u graag wil neerschrijven waarom u deze keuze gemaakt hebt of u wilt het product 
becommentariëren, dan kan dit in de kolom ‘Opmerking’. 
 
Bedankt voor uw deelname! 
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Evaluation sheet Trained panel 
 

         Gent, ……./……/201 
 
 
Beste panellid, 
Het doel van deze sessie is het evalueren van drie chocolades om een beter beeld te krijgen van 
deze chocolades.  
U hebt drie donkere chocolade op het bord voor u liggen deze dient u te evalueren, startend links 
boven en verder gaan in wijzerzin. 
Gelieve de procedure van de evaluatie nauwgezet te volgen. Drink water wanneer dit is aangeven 
en aarzel niet om dit ook te doen tussen de verschillende stappen indien u dit nodig acht.  

 
 

     UITERLIJK 
 

Stap 1: Kijk naar de chocolade. 
Geef de graad van de volgende karakteristieken aan. 
 
1. Vetbloem/glans van de onderkant van de chocolade (indien een bovenkant te onderscheiden is 
vb door figuur).  

 1: Heel veel vetbloem, oppervlak bijna volledig wit. Niet geschikt voor consumptie 

 2: Veel vetbloem. Niet geschikt voor consumptie 

 3: Aanzienlijke hoeveelheid vetbloem op oppervlak: Niet gewenst voor consumptie. 

 4: Zwakke vetbloem duidelijk. Zichtbaar voor mensen die er op letten. 

 5: Geen glans, maar geen zichtbare vetbloem.  

 6: Stoffig en weinig tot geen glans. 

 7: Aanvaardbare glans voor een donkere chocolade. 

 8: Aangename glans. Glanzend zoals een donker stuk chocolade. 

 9: Heel glanzend. Perfect gemaakte chocolade.  
 

Stap 2: Breek de chocolade met de handen in twee gelijke helften. 
4. Geef de korreligheid aan op het breukvlak 

1 
Helemaal niet 
korrelig 

2 3 4 5 6 7 8 9 
Heel erg 
korrelig 

         
 
 

     AROMA 
 

Stap 3: Reuk aan het afgebroken stuk chocolade (1 helft van de chocolade). 
Evalueer de intensiteit van de volgende aroma’s. 
 
5. Cacaogeur  

1 
Niet aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         

Naam: 
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6. Vanille geur (Misschien niet op elke chocolade van toepassing, indien niet waarneembaar, duid 
dan 1 aan)  

1 
Niet aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         
 
7. Notengeur 

1 
Niet aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         
 
8. Melkgeur (Misschien niet op elke chocolade van toepassing, indien niet waarneembaar, duid 
dan 1 aan) 

1 
Niet aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         
 

     SMAAK 
 

Stap 4: Leg het stuk afgebroken (1 helft) stuk chocolade op de tong en laat 
smelten. 
Evalueer de intensiteit van de volgende smaken. Zoet en bitter worden samen geëvalueerd. 
9. Zoete smaak (op het topje van de tong) 

1 
Niet 
aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         
 

10. Bittere smaak (helemaal achteraan in de mond)  

 
 

11. Cacao smaak 

 
12. Noot smaak (Misschien niet op elke chocolade van toepassing, indien niet waarneembaar, 
duid dan 1 aan) 

 
 
 
 
 

1 
Niet 
aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         

1 
Niet 
aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         

1 
Niet 
aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 
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13. Melk smaak  

 

14. Karamel smaak (Misschien niet op elke chocolade van toepassing, indien niet waarneembaar, 
duid dan 1 aan) 

 

15. Vanille smaak (Misschien niet op elke chocolade van toepassing, indien niet waarneembaar, 
duid dan 1 aan) 

 

Stap 5: Drink nu voldoende water om de smaak en de chocoladeresten weg 
te spoelen. 
 
 

     TEXTUUR 
 

Stap 6: Bijt een stuk van de chocolade (1/4 van de totale tablet). 
Evalueer de intensiteit van de volgende textuurattributen. 
16. Knak (= geluid en de kracht nodig bij het doorbijten van de chocolade)  

 
17. Hardheid (=De kracht nodig om het staal door te bijten) 

 

18. Romig gevoel in de mond  

 

Stap 7: Drink nu voldoende water om de smaak en de chocoladeresten weg 
te spoelen. 
 
 
 

1 
Niet 
aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         

1 
Niet 
aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         

1 
Niet 
aanwezig 

2 3 4 5 6 7 8 9 
Zeer sterk 
aanwezig 

         

1 
Geen knak 

2 3 4 
 

5 
 

6 7 8 9 
Zeer duidelijke knak 

         

1 
Helemaal 
niet hard 

2 
 
 

3 
 
 

4 5 
 

6 7 
 

8 9 
Zeer hard 

         

1 
Helemaal niet 
romig 

2 3 4 5 6 7 8 9 
Zeer romig 
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Stap 8: Evalueer nu het smeltgedrag van een stuk chocolade (Laatste halve 
stuk van de tablet). 
Dit gebeurt door een chocolade in de mond te leggen en gedurende 1 minuut licht te bewerken 
met de tong. Niet op de chocolade bijten!!! Vanaf het moment dat het stuk chocolade op de 
tong ligt moet u elke 5 seconden aangeven op de grafiek hoe u de hardheid van de chocolade 
evenaart. 
 
19. Evaluatie van het smeltgedrag van chocolade 

 
 

Stap 9: Evalueer nu het mondgevoel dat u hebt na het weergeven van het 
smeltgedrag. 
 
20. Korreligheid in de mond = Oneffenheden die worden waargenomen op de tong ≠ film op de 
tong 

 
 
21. Droogheid in de mond: de hoeveelheid speeksel die wordt geabsorbeerd door het staal tijdens 
het kauwen. Geef aandacht aan hoe droog de mond is, niet aan hoe droog het staal is 
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1 
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1 
Helemaal 
niet droog 
Boter 

2 3 
 

 

4 5 
 

 

6 7 
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Zeer droog 
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22. Vorming van een film in de mond: De hoeveelheid en gradatie van residu dat achterblijft en 
wordt bemerkt wanneer met de tong over het oppervlak van de mond wordt gegaan. 

 
23. Nasmaak in de mond 

 
  

1 
Helemaal niet 
aanwezig 
Rijstwafels 

2 3 4 5 6 7 8 9 
Heel erg 
aanwezig 
Olie 

         

1 
Helemaal niet 
aanwezig 
Water 

2 3 4 
 
 
Melk 

5 6 
 
 
Witte wijn 

7 8 9 
Heel erg 
aanwezig 
Rode wijn 
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Appendix II Non-isothermal crystallization measured by DSC 

 

 Tonset [°C] Tpeak [°C] Crystallization heat [J g-1] 

CB 17,23 ± 0,12 13,00 ± 0,42 77,87 ± 2,84 

CBE1 15,75 ± 0,05* 12,85 ± 0,34 77,19 ± 0,96 

CBE2 16,19 ± 0,26 13,47 ± 0,14 77,57 ± 1,77 

CBE3 16,82 ± 0,03 12,77 ± 0,10 77,57 ± 1,77 

CBE4 14,33 ± 0,42* 10,83 ± 0,09* 81,24 ± 2,13 

CBE5 14,14 ± 0,08* 10,48 ± 0,38* 78,23 ± 1,17 

CBE6 16,03 ± 0,34 12,61 ± 0,53 77,91 ± 7,97 

CBE7 13,68 ± 0,13* 10,57 ± 0,32* 81,80 ± 2,46 

CBE8 15,28 ± 0,01* 11,66 ± 0,13* 74,33 ± 4,57 

PMF 19,55 ± 0,17* 8,41 ± 0,30* 81,55 ± 0,54 

* Significantly different from CB, =0,05 
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Appendix III Isothermal crystallization of PMF visualized by PLM 

 

 

 

 
PLM images of isothermal crystallization of PMF at 20°C after (A) 24 hours, (C) 3 weeks, (E) 6 

weeks and at 26°C after (B) 24 hours, (D) 3 weeks, (F) 6 weeks.  

 

  

A 

C 

E 

B 

D 

F 
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Appendix IV  Melting behaviour of the chocolate products measured by 
DSC 

 * Significantly different from CB, =0,05 

 1 week 

 Tonset [°C] Hmelt [J g
-1] Tpeak [°C] width at half height [°C] 

ChocREF 27,28 ± 0,51 39,34 ± 0,92 33,44 ± 0,52 5,16 ± 0,26 

Comp1 26,67 ± 0,23 40,02 ± 0,43 33,75 ± 0,21 5,69 ± 0,16* 

Comp2 26,43 ± 0,26 38,62 ± 0,54 33,62 ± 0,28 6,21 ± 0,31* 

Comp3 26,27 ± 0,39 38,47 ± 0,27 33,66 ± 0,10 5,77 ± 0,17* 

Comp4 26,51 ± 0,25 37,50 ± 0,84 33,18 ± 0,16 5,30 ± 0,18 

Comp5 26,57 ± 0,47 38,47 ± 0,54 32,58 ± 0,35 5,32 ± 0,18 

Comp6 26,27 ± 0,47 39,08 ± 0,71 33,26 ± 0,33 5,98 ± 0,34* 

Choc1 27,03 ± 0,16 40,96 ± 0,22 33,53 ± 0,16 5,01 ± 0,07 

Choc2 26,71 ± 0,24 41,02 ± 1,60 33,53 ± 0,20 5,33 ± 0,12 

Choc3 26,97 ± 0,17 39,55 ± 0,81 33,32 ± 0,24 5,32 ± 0,13 

Choc4 26,84 ± 0,25 39,96 ± 0,25 33,71 ± 0,14 5,61 ± 0,16 

Choc5 26,85 ± 0,10 39,72 ± 0,55 32,90 ± 0,04 5,34 ± 0,17 

 * Significantly different from CB, =0,05 

  

 

24 hours 

  Tonset [°C] Hmelt [J g
-1] Tpeak [°C] width at half height [°C] 

ChocREF 29,09 ± 1,62 38,36 ± 1,07 33,86 ± 0,33 5,33 ± 0,30 

Comp1 26,16 ± 0,36 38,10 ± 1,39 33,77 ± 0,33 5,95 ± 0,11* 

Comp2 25,85 ± 0,07 37,15 ± 1,23 34,10 ± 0,36 6,41 ± 0,13* 

Comp3 25,83 ± 0,42 37,44 ± 0,71 33,48 ± 0,18 5,56 ± 0,27 

Comp4 26,85 ± 0,85 38,55 ± 0,56 33,02 ± 0,20 5,15 ± 0,29 

Comp5 25,69 ± 0,49 37,01 ± 0,87 32,67 ± 0,26 5,63 ± 0,22 

Comp6 25,58 ± 0,18* 39,03 ± 0,63 33,31 ± 0,32 6,12 ± 0,36* 

Choc1 26,70 ± 0,36 39,10 ± 0,36 33,60 ± 0,10 5,48 ± 0,21 

Choc2 26,96 ± 0,63 38,03 ± 0,88 33,27 ± 0,17 5,36 ± 0,36 

Choc3 26,74 ± 0,32 38,96 ± 0,95 33,39 ± 0,34 5,34 ± 0,24 

Choc4 27,63 ± 1,06 38,13 ± 0,60 33,50 ± 0,31 5,36 ± 0,24 

Choc5 26,82 ± 0,18 39,27 ± 1,31 32,62 ± 0,19* 5,26 ± 0,04 
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 2 weeks 

 Tonset [°C] Hmelt [J g
-1] Tpeak [°C] width at half height [°C] 

ChocREF 27,78 ± 0,30 40,36 ± 0,52 33,49 ± 0,17 5,02 ± 0,16 

Comp1 26,26 ± 0,15* 40,47 ± 0,57 33,41 ± 0,19 6,00 ± 0,03* 

Comp2 26,67 ± 0,36 38,32 ± 1,04 33,77 ± 0,42 6,06 ± 0,19* 

Comp3 26,37 ± 0,14* 38,12 ± 1,61 33,82 ± 0,25 5,83 ± 0,19* 

Comp4 26,34 ± 0,12* 39,27 ± 0,31 33,10 ± 0,21 5,54 ± 0,16 

Comp5 26,24 ± 0,12* 38,25 ± 0,62 32,77 ± 0,19 5,51 ± 0,05 

Comp6 26,25 ± 0,34* 38,23 ± 0,67 33,63 ± 0,28 6,22 ± 0,16* 

Choc1 27,99 ± 0,91 39,22 ± 1,04 33,72 ± 0,30 4,79 ± 0,08 

Choc2 26,93 ± 0,33 39,24 ± 0,97 33,49 ± 0,26 5,17 ± 0,21 

Choc3 27,16 ± 0,20 39,57 ± 0,70 33,38 ± 0,16 5,25 ± 0,13 

Choc4 26,72 ± 0,40* 39,54 ± 1,07 33,74 ± 0,14 5,50 ± 0,12* 

Choc5 27,00 ± 0,19 38,86 ± 0,83 33,18 ± 0,29 5,24 ± 0,06 

 * Significantly different from CB, =0,05 

 4 weeks 

 Tonset [°C] Hmelt [J g
-1] Tpeak [°C] width at half height [°C] 

ChocREF 27,72 ± 0,27 39,16 ± 2,00 34,00 ± 0,19 5,10 ± 0,18 

Comp1 26,52 ± 0,12* 39,94 ± 0,93 33,93 ± 0,40 6,02 ± 0,10* 

Comp2 26,87 ± 0,63 39,04 ± 0,76 34,14 ± 0,15 5,93 ± 0,26* 

Comp3 26,41 ± 0,17* 39,33 ± 1,15 33,58 ± 0,12 5,88 ± 0,18* 

Comp4 26,43 ± 0,24* 39,52 ± 1,04 33,32 ± 0,09 5,51 ± 0,13 

Comp5 26,07 ± 0,08* 38,85 ± 0,75 33,27 ± 0,21 5,63 ± 0,09 

Comp6 26,40 ± 0,35 38,78 ± 1,55 34,11 ± 0,76 5,74 ± 0,35* 

Choc1 27,33 ± 0,14 38,90 ± 0,55 34,06 ± 0,33 5,36 ± 0,18 

Choc2 27,23 ± 0,23 38,73 ± 1,20 33,56 ± 0,53 5,33 ± 0,14 

Choc3 27,36 ± 0,18 39,01 ± 0,64 33,64 ± 0,15 5,34 ± 0,09 

Choc4 27,11 ± 0,16 38,82 ± 0,93 34,62 ± 0,83 5,43 ± 0,11 

Choc5 27,93 ± 0,31 36,81 ± 0,61 33,40 ± 0,30 5,11 ± 0,11 

 * Significantly different from CB, =0,05 

 


