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A B S T R A C T   

Background: Global demand for cocoa butter (CB) product is rising, but the production of CB does not meet the 
demand, and the availability of this fat is also limited. CB has specific melting properties, and the blooming effect 
causes defect in its physical properties. The blending of fat is one of the modification methods that offer new 
functional CB alternatives (CBAs) that can enhance the properties of CB and be applied as substitutes in the food 
industry. 
Scope and approach: This review describes the current trends in blending the pure or modified vegetable fats and 
oils for CBAs production and summarises the characteristics of the blended substances. Typical and recent fats 
and oils used for CBAs production, including mango seed fat, bambangan kernel fat, shea butter, kokum butter, 
sunflower stearin and palm oil fractions such as palm oil mid fraction and palm stearin are highlighted. The 
potential application of the blended fat as CBAs and the changes in their physicochemical, thermal and 
morphological behaviour are discussed. 
Key findings and conclusions: The blended fats and oils produced from different sources greatly resemble the 
characteristics of commercial CB with improved thermal and bloom properties. Thus, the blending processes 
facilitated the application of various vegetable fats and oils as CBAs to improve the physical quality of the final 
product in the manufacture of chocolates and confectioneries.   

1. Introduction 

Cocoa butter (CB) is a natural source of fat that is used traditionally 
as a major ingredient for producing chocolate, candies, and coatings 
(Bootello et al., 2013). The continuous phase provided by CB is 
responsible in the uniform distribution of the basic ingredient, such as 
sugar, milk solids, and cocoa powder in chocolate and confectionery 
products (Sonwai, Kaphuekngam, & Flood, 2014; Vidhate & Singhal, 
2013). The triacylglycerols (TAGs) of CB are predominantly composed 
of three symmetrical TAGs, namely, 1,3-dipalmitoyl-2-oleoyl-glycerol 
(POP), 1-palmitoyl-2-oleoyl-3-steroyl-glycerol (POS), and 1,3-disteroy-
l-2-oeloyl-glycerol (SOS) with palmitic and stearic acids located at the 
sn-1,3-positions and oleic acid at the sn-2-position. Approximately 80% 
of the symmetrical monounsaturated-TAGs (SUS-TAGs) in CB is 
responsible for its physical properties, such as controlling the existence 
of stable V (β) polymorphic crystals and complete melting at 35 ◦C–37 ◦C 
(Lipp et al., 2001) (Table 1). Due to the unique composition and 

blending nature of the CB-TAGs, the CB remains as a solid at 20 ◦C (with 
hard texture and snap) and melts rapidly at 33 ◦C, leading to the release 
of flavor and soft mouth-feel texture (Watanabe, Yoshikawa, & Sato, 
2021). 

However, the demand for CB is increasing worldwide, and CB has 
become as the most expensive fat. Thus, CB alternatives (CBAs) have 
been extensively explored for substitution due to several factors, such as 
finding lower cost replacements with similar fatty acid profiles (e.g., 
mango seed fat [MSF]) as CB, (Jahurul et al., 2014a, b), 30% global 
decline in CB production (Liu, Chang, & Liu, 2007; Sonwai et al., 2014), 
fat bloom (Vidhate & Singhal, 2013), and the limited availability of CB 
(Lipp & Anklam, 1998). Most of the functional CBAs can be obtained 
from pure or modified vegetable fats. Thus, the trends in the modifica-
tion of vegetable fats and oils established a new prospect in the use of 
these substances as alternative sources for fatty-based products with 
satisfactory physical properties (i.e. melting point, solid fat content, and 
consistency) (Solís-Fuentes & Durán-de-Bazúa, 2004). Fig. 1 shows the 
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production of CBAs by blending and their applications. 
Different vegetable fats and oils are commonly blended to produce 

cocoa butter equivalents (CBEs), in particular, blends with properties 
similar to those of CB, so that these CBEs can be integrated with CB at 
any proportion without significant changes in the physical properties of 
the final products. CBEs exhibit similar fatty acid composition, melting 
and morphological behaviour with commercial CB. Thus, these com-
pounds are compatible and applicable as blending fat for CB-based 
products. In addition, CB improvers (CBIs) or heat-resistant CBEs are 
also produced by blending to improve the properties of CBs, such as the 
blooming effect, and tempering time, and increase the availability of CBs 
in high-temperature region because of their TAGs similar to those in CB 
but with high SOS and melting profiles. Other groups, namely, CB re-
placers (CBRs) and CB substitutes (CBSs), showed melting profiles 
comparable to those of CB, although they differ in composition and 
morphological behaviour. These groups are usually produced from low- 
cost vegetable resources, thus creating a low-cost replacement for 
commercial CB. The properties of the blended fat from different sources 
are shown in Table 2. Additional research on the production of healthy 
CBAs, such as those rich in omega-3 and omega-6, would be interesting 
and beneficial. 

Different vegetable fats and oils have diverse characteristics. Thus, 
blending the fats and oils produces new fat/oil products with specific 
desirable oxidative, textural, and physicochemical properties 
(Hashempour-Baltork, Torbati, Azadmard-Damirchi, & Savage, 2016). 
Blending or mixing is beneficial to modify the physicochemical, thermal 
(i.e. melting and crystallization properties), and morphological behav-
iour of vegetable fats and oils to produce a product for food application 
with desirable properties (Bahari & Akoh, 2018a, b; Chiavaro, 2015; 
Jahurul et al., 2014a, b). This process is commonly performed to alter 
and broaden the functionality of fats and oils with characteristics that 
are often not satisfactory, such as poor melting behaviour, high solid fat 
content (SFC) (causing waxiness in the mouth), and low stability, when 
used directly in food products. The poor properties have led to the 
limited applications of fat in the industry (Bezerra, Rodrigues, Oliveira, 

Silva, & Silva, 2017). 
Blended fat with desirable physical properties can also be applied in 

the food industry as functional foods (Shin, Heo, & Lee, 2019). For 
instance, palm kernel oil (PKO) blend with CB and milk fat possess 
physical properties for compound coating, whilst fat produced from 
palm oil mid-fraction (POMF), palm stearin (PS) and MSF blends ex-
hibits characteristics similar to those of CB and can be applied for CBA 
(Jahurul et al., 2014a, b; Jin et al., 2016; Sonwai et al., 2014). Moreover, 
the blending of common and recent CBA sources, such as bambangan 
kernel fat (BKF), MSF, sunflower oil, shea butter, sal fat, kokum fat (KF) 
and POMF, have been investigated continuously for CBA application. 
Thus, this paper includes a review on the trends in the blending of these 
new and typical vegetable fats for the production of CBAs and the effect 
of blending on the physicochemical, thermal, and morphological 
behaviour of the CBAs. The properties of CB are also discussed. 

2. Cocoa butter (Theobroma cocoa) 

CB is the most essential fat ingredient for chocolate production, 
because the continuous fat phase is responsible for the texture, flavor, 
hardness, desirable polymorphic transformation, and melting properties 
(Campos & Marangoni, 2012; Talbot, 2017). This compound also 
possess a β polymorphic form which gives a smooth-mouth feel effect 
when the product is eaten (Talbot, 2009a). CB aids in binding the 
non-fat ingredients and provides a major impact to the resistance to 
fat-bloom and oxidation (Minifie, 1970), heat stability, gloss, snap, 
demoulding contraction, release of flavor and mouth feel of chocolate 
(Quast, Luccas, Ribeiro, Cardoso, & Kieckbuch, 2013; Smith, 2001; 
Zhang, Song, Lee, Xie, & Wang, 2020). Thus, CB is applied the formu-
lation of soap and cosmetics and as a typical base ingredient for choc-
olate, confectioneries, and whipping cream (Liu et al., 2007). Palmitic 
and stearic acids of CB are generally found in the sn-1 and -3 glycerol 
backbone position with the oleic acid filling up the sn-2 central position 
(Bootello, Hartel, Garcés, Martínes-Force, & Salas, 2012; Huang et al., 
2021), resulting in the distribution of the three main abundant TAG 
species (i.e. POS, SOS, and POP) in the CB. The composition of TAGs in 
the CB are varied based on its origin, but the average amounts of POP, 
POS, and SOS are approximately 15.0%, 23.0% and 35.0%, respectively 
(Afoakwa, Paterson, Fowler, & Vieira, 2008). The specific arrangement 
of fatty acids in the CB results in a significant thermal profile in the 
mouth, (Shukla, 1995), that is, a cooling mouth effect and the typical 
mouth feel provided by chocolate and confectionery products. 

3. Resources for blended cocoa butter alternatives 

CB can be substituted with vegetable fats by blending. Thus, the 
industry is keen to find and develop CBA fat with different functional 
properties to be blended with CB to produce chocolate or replace CB 
either partially or wholly (Smith, 2012; Timms, 2003). With the sub-
stitution of CB, the production cost is reduced, the fat bloom and 
physicochemical properties are improved and the health risks provided 
by the consumption of the final products are diminished (Watanabe 
et al., 2021). For example, CBAs with high heat-resistance are required 
in summer regions with mild temperature or sub-tropical and tropical 
regions where softening is most likely to occur (Stortz & Marangoni, 
2011). Therefore, an improver or high melting properties of CBAs is 
needed to solve this problem. 

CBAs can be classified into different groups according to their 
functionality and similarities to CB. Three major CBAs, namely, CBEs, 
CBRs, and CBSs, have been reported in the confectionery industry 
(Clercq et al., 2016; Huang et al., 2021). CBRs and CBSs are more 
affordable compared with CBEs but, have a eutectic (softening) effect 
due to their incompatibility with CB, resulting in their immiscibility 
with CB at any ratio (Smith, 2001). By contrast, CBEs have been reported 
to be more compatible with CB than the former two CBAs (Zaidul, 
Norulaini, Mohd Omar, & Smith, 2007). CBEs can be sub-divided into 

Table 1 
Physicochemical and thermal properties of cocoa butter, CB.   

Cocoa butter, 
CB 

References 

Physicochemical profiles 
Iodine Value, IV (g iodine/ 

g) 
31.3–38.4 Jin, Akoh, Jin, & Wang, 2018; 

Acid Value, AV (mg KOH/ 
g) 

0.41–2.11 Jin, Zheng, et al., 2017; 

Slip Melting Point, SMP 
(◦C) 

25.3–35.0 Jin et al., 2016; 
Sonwai et al., 2014; 

Fatty Acid, FA (%) 
Palmitic acid, C16 24.5–33.7 Norazura, Sivaruby & Noor Lida, 

2020; 
Stearic acid, C18 33.3–40.2 Kadivar et al., 2016; 
Oleic acid, C18:1 26.3–36.5 Sonwai et al., 2014; 
Linoleic acid, C18:2 1.7–3.56 Gunstone, 2011; 
Arachidic acid, C20 1.0–1.23 
Triacylglycerols, TAGs (%) 
OOO 0.2–0.9 Bahari & Akoh, 2018; 
POO 1.2–5.5 Jin, Akoh, et al., 2018; 
POP 13.8–21.8 Jin, Zheng, et al., 2017,b; 
POS 34.6–45.4 Jin et al., 2016; 
SOS 23.7–28.5 Gunstone, 2011; 
SOO 1.7–9.3 Lipp and Anklam (1998) 
Melting and Crystallization behavior 
Melting properties  Zhang et al., 2020; 
Onset temperature (◦C) 13.00–27.9 Huang et al., 2020; 
Offset temperature (◦C) 26.8–40.7 Jin, Akoh, et al., 2018; 
Enthalpy (J/g) 55.84–120.7 Jin et al., 2016; 
Crystallization properties  Kadivar et al., 2016; 
Onset temperature (◦C) 15.5–17.71 
Offset temperature (◦C) 3.5–5.59 
Enthalpy (J/g) 49.98–77.7  
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two groups, namely, CB extender (CBEx) and CB improver (CBI) (Clercq 
et al., 2016). CBEx is less appealing than CBI in recent years, thus it is not 
described in this review. Tables 3–5 show the various sources of fats and 
oils and the characteristics of CBAs produced by blending these 
substances. 

3.1. Palm oil mid-fraction (POMF) 

POMF is a POP-rich fat produced from the multi-stage fractionation 
of palm oil (PO; Elaeis guineensis) and used as a confectionery fat 
resource (Shin et al., 2019; Sue, 2009, pp. 91–93). In addition, POMF is 
less expensive and cost-effective for compound chocolates and confec-
tionery fillings compared with other vegetable oil products (Biswas, 
Cheow, Tan, Kanagaratnam, & Siow, 2017). POMF has a unique melting 
profile and steep SFC, resulting in its broad application in the confec-
tionery industry. However, this compound is mainly used as a CBS 
(Bloomer, Adlercreutz, & Mattiassson, 1990) and CBE (Huang et al., 
2021; Norazura, Sivaruby, & Lida, 2020; Sonwai et al., 2014). POMF 
mainly consists of palmitic (51.6%) and oleic acids (35.6%) and main 
SUS-TAG (POP, 17.8%), leading to its steep SFC versus temperature 
smooth curve. These properties allow POMF as a blending component 
with other fats rich in POS and SOS to resemble the TAG profiles of CB 
(Sonwai et al., 2014). POMF is also considered as suitable ingredients for 

CBEs considering its availability, composition, and cost (Undurraga, 
Markovits, & Erazo, 2001). More information on the nutritional prop-
erties of the blended POMF as CBAs will be interesting for the produc-
tion of novel fat resources. 

3.2. Mango seed fat and its stearin 

Mango (Mangifera indica L.) is a notable tropical fruit species by the 
remarkable quality of its kernel (Naeem, Shabbir, Khan, Ahmad, & 
Roberts, 2019). This fruit ranks as the second most traded and fifth most 
produced tropical fruit globally. Mango is accepted globally due to its 
pleasant aroma, taste profile, and nutritional composition (i.e. fibers, 
minerals, sugars, antioxidants and, vitamins) (Torres-León et al., 2016). 
This fruit is mainly composed of the pulp, which is consumed either 
fresh or processed, and the peel and kernel, which are usually discarded 
as agricultural wastes. The kernels contain 7.1%–15% crude fat and are 
rich in palmitic, stearic, and oleic acids (Abdalla, Darwish, Ayad, & 
El-Hamahmy, 2007; Gunstone, 2011, pp. 291–343). Approximately, 
0.03–0.43 million tons of MSF have been estimated to be produced 
annually, and the yield is in line with the demand of CBEs as reported by 
the European Union (Directive 2000/36/EC). The unique properties and 
high micronutrient levels (predominantly composed of squalene, 
tocopherol, and sterol) of the MSF makes it applicable for food 

Fig. 1. Cocoa butter alternatives (CBAs) produced via physical blending and their applications.  
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Table 2 
Trends in blending different vegetable fats and oils for cocoa butter alternatives application.  

Fats and oils Observation/Effect of blending Results/Application as CBAs References 

Palm oil mid-fraction, POMF 
PMF:SA  • Catalyzed blend of PMF with SA produced fat blend with TAG of 

POP, POS and SOS of 19.52%, 49.53% and 28.46% respectively. 
The TAG composition is more similar to the CB compared to that of 
PMF.  

• Production of CBE at different ratio without leading to the eutectic 
effect. 

Huang et al., 2021;  

• The onset (melting; 22.88 ◦C, crystallization; 17.98 ◦C) and offset 
(melting; 29.80 ◦C, crystallization; 14.40 ◦C) temperature for the 
melting and crystallization properties for the blends was not 
significantly different from CB.  

• The CBE can be substitute with CB up to 40% without causing 
significant changes to the thermodynamics of that CB. 

Norazura, Sivaruby 
& Noor Lida, 2020;  

• The blends (CBE) also possessed feather-like crystal which differ 
from the CB disc-shaped crystal. 

Biswas et al., 2018; 

POMF:PKO:POs  • Ternary blend of POMF, PKO and POs/POs at the ratio of 
91%,1%,5% and 3% showed high solid fat content of 47% at 20 ◦C 
with oleic, linoleic, monounsaturated fatty acid and crystal 
morphology properties similar to CB. 

Biswas et al., 2016;  

• However, the TAGs composition, thermal and polymorphic crystal 
structure are not comparable with CB.  

• Palm fraction fat blending with 91% of POMF, 1% of PKO, 5% of 
POs-iodine value of 33 and 3% of POs-iodine value 14 has the 
potential to be applied as an alternatives to that of CB chocolate 
bar in confectionary industry. 

Mutia, Abang Zaidel 
& Mohamad (2015)  

• 10–30% of the fat blend was reported to be compatible with CB 
without the presence of softening effect thus applicable for 
chocolate bar production. 

POMF: PKO: PS: 
SA:OA  

• 80% of PMF:PKO:PS blend was mixed with 15% of SA and 5% of OA 
producing a CBS blends with TAGs content similar with CB (POP; 
17.7–18.0%, POS: 33.8–38.9%, SOS; 24.2–29.2%).  

• The blends has similar melting properties with CB at 33 ◦C and 
compatible with CB up to 20% ratio by showing monotectic effect 
at 15–25 ◦C of that iso-solid diagram.  

• The blend produced from the ternary blends of PMF:PKO:PS 
mixed with SA and OA were suggested to be applied as CBS up to 
20% in chocolate manufacturing.  

• The CBS also showed similar polymorphic crystal form as CB.  
• Blends composed of 20–40% of POMF in RBDPKO and 50–80% of 

POMF in RBDPS showed monotectic effect at 10–15 ◦C and <30 ◦C 
respectively. 

POMF:RBDPKO 
and POMF: 
RBDPS  

• The composition in the blends of POMF in RBDPS were significantly 
higher long-chain fatty acid with 36.43–37.28% of stearic acid and 
low monounsaturated TAGs content compared with CB.  

• Blends with 20–40% of POMF in RBDPKO and 50–80% of POMF 
in RBDPS is suggested to be applied as CBS in compound 
chocolates and confectionery applications.  

• The blends also showed broad endotherms at 20–38 ◦C which is 
closer to CB.  

• The composition for the hard POMF (55.96% of palmitic and 
35.16% oleic acid) was significantly decreased when blended with 
canola oil resulting to closer value to CB. 

POMF: CO  • The CBE (3:1, w/w ratio) produced exhibited 30.33%, 17.53%, 
2.36%, 5.71% and 2.16% of POP, POS, SOS, omega-3 and omega-6 
respectively. The linoleic (omega-6) and linolenic (omega-3) for the 
CBE was not significantly different (p < 0.05) from the non inter- 
esterified blend.  

• Production of high nutritional CBE with omega-3 and omega-6 
fatty acid as CBA from POMF:CO blends. 

Mango kernel fat, MKF and bambangan kernel fat, BKF 
MKF-TS:PMF  • An optimized ternary blend of mango kernel fat third stearin, MKF- 

TS, hard POMF and CB (at 10:55:35 ratio) was produced from this 
study.  

• Mango kernel fat-stearin based hard chocolate was prepared from 
the physically blended and inter-esterification of mango kernel 
third stearin, MKF-TS:POMF:CB blends. 

Jahurul et al., 2019; 

MKF:POMF  • The optimized blend possessed 60.9% of SOS, 21.1% of POS and 
9.5% of POP with high thermal stabilities compared to the CB. 

Jin et al., 2019; 

MMF:POMF-III  • The blends also exhibited 64.5% of SFC at 30 ◦C significantly high 
than that of CB (23.4%) but decreased rapidly to 8.6% at 35 ◦C. 
Thus indicating that it melts completely in the mouth without 
leaving waxiness. 

Jin, Akoh, et al., 
2018; 

MSF:POMF  • It also has similar crystal microstructure and polymorph behavior 
with CB with better blooming properties.  

• The four potential blends produced are suggested to be applied as 
CBR. 

Jahurul, Zaidul, 
et al., 2018; 

BKF:PS  • Four blend of MKF:POMF at 85:15, 80:20, 75:25 and 70:30 ratio 
produced in this study exhibited similar physicochemical 
properties (i.e.iodine value, acid value, slip melting point and fatty 
acid composition) with CB. 

Jin et al., 2016;  

• The palmitic acid composition for MSF (palmitic: 7.71%, stearic: 
42.47% and 41.41%) were significantly increased (16.35–23.32%) 
whereas, the stearic (28.58–34.89%) and oleic (39.85–40.68%) 
acid were decreased after blended with POMF leading to 
comparable value to that of CB. 

Jahurul et al. 
(2014a)  

• MMF were blended with POMF-1, II and III at three different ratio 
(90:10, 80:20 and 70:30) with the purpose of producing heat- 
resistance CBE.  

• Blend with 90:10 ratio of MMF:POMF-III is recommended to be 
applied as heat-resistance CBE or commonly known as CBI due to 
its high thermal properties compared to that of CB. 

Jahurul et al., 2014, 
b;  

• Among the blends, one best blend from MMF:PMF-III (90:10) 
showed similar physicochemical properties and TAG-composition 
with CB but with improved/higher thermal profiles. 

Sonwai et al. (2014)  

• The onset (16.3 ◦C) and offset (29.7 ◦C) temperature were 
significantly increased after the blending process.  

• A total of 10 blends of MSF:POMF were analyzed for the 
formulation of CBR.  

• The blends (3–6) is suitable for the preparation of green quality 
CBR. 

(continued on next page) 

M.R. Norazlina et al.                                                                                                                                                                                                                          



Trends in Food Science & Technology 116 (2021) 102–114

106

Table 2 (continued ) 

Fats and oils Observation/Effect of blending Results/Application as CBAs References  

• Blends no 1 to 5 showed similar SFC values as CB at 10–20 ◦C 
whereas, the blends with 70–85% of MSF, have similar 
crystallization curve at 10.17, 10.58, 11.54 and 11.66 ◦C of single 
curve with one maximum peak.  

• The blends exhibited three main TAGs of POP, POS and SOS of 
11–38.8%, 22.1–36.9% and 15.4–16.2% respectively, with blend 3 
to 6 having single curve with one maximum and one small 
shoulder.  

• BKF was blended with PS at 10 different ratio and the thermal, 
triglycerides composition and morphology behavior of the blends is 
determined.  

• The blends specifically the stabilized blends is recommended as 
CB-alternatives and kept under accelerated storage.  

• The results showed that blend 3 (85:15), 4 (80:20), 5 (75:25), 6 
(70:30) and 7 (65:35) showed comparable characteristics with CB. 
The melting offset for these blends is shifted to higher 
(41.17–51.17 ◦C) temperature for both stabilized and non- 
stabilized blends compared to CB.  

• Whereas the POP, POS and SOS content for the blend were ranged 
from 10.03 to 15.69%, 13.36–16.34% and 24.90–26.45% 
respectively. The blends also exhibited small spherulites crystal 
microstructure (10–100 μm). 

Kokum fat, KF and illipe butter, IB 
KF:CB  • KF were blended with CB at the ratio of 10:90, 15:85 and 20:80 for 

the formulation of hard chocolate.  
• Up to 5% of KF could be blended with CB for preparing chocolate 

with heat-resistance properties thus, applicable for warm climates 
country. 

Bahari & Akoh, 
2018a; 

IB:POMF  • The hardness and SFC (61–87% at <30 ◦C) of the CB increased with 
the incorporation of 15% of KF in the blend.  

• The interesterified blend at 10:3 ratio are suitable to be applied as 
CBE due the similar fatty acid profiles and TAG types as CB. 

Bahari & Akoh, 
2018b;  

• The SOS-content of the blend also increased when KF added into CB 
thus up to 5% of KF can be integrated into CB for chocolate 
formulation.  

• The CBE can be used for dark and white chocolate manufacturing 
with similar rheological, textural, fat bloom and particle size with 
CB chocolate. 

Maheshwari and 
Reddy (2005)  

• IB was blended with POMF at four different ratio and the blend at 
ratio of 10:3 (PB) were inter-esterified (IP) at 5% Lipozyme RM IM 
load resulting to similar TAG profiles to that of CB.  

• The major TAGs types reported in IP was 18.3% of POP, 41.6% of 
POS and 29.8% of SOS showing closer resemblance to that of CB.  

• Meanwhile the TAGs content for PB showing low POS and high SOS 
(POP: 16.8%, POS: 33.6% and SOS:37.9%) value to that of IP and 
CB.  

• The XRD profiles for IP showed similar β polymorph dominant peak 
at 4.6 Å with similar granular spherulites crystal microstructure as 
well thermally stable than the PB.  

• The fat bloom in dark chocolate was delayed with the addition of 
PB and IP while, only IP showed similar hardness as CB chocolate.  

Sunflower oil, SO and sunflower hard stearin, SHS 
HOHS stearin: 

POMF  
• Fractionated high oleic high stearic, HOHS sunflower were blended 

with POMF for the formulation of CBE.  
• The formulated CBE is suggested for compounds coating and 

chocolate manufacturing. 
Bootello et al., 2018; 

HOSO:CB  • The CBE exhibited palmitic (20.8%), stearic (34.4%) and oleic acid 
(36.9%) with significant presence of arachidic acid (2.1%) and 
behenic acid (2.3%).  

• The CBEs produced from the stearin of HOSO and HSHO 
sunflower blended with CB is applicable for the utilisation of 
confectionery alternative fats. 

Kadivar et al., 2016; 

HSHO:CB  • The formulated CBE showed low POP (11.6%) and POS (8.8%) but 
having high SOS (43.2%) content with higher solid fat at <25 ◦C 
compared to the commercial CBE and CB.  

• The blends developed from SHS:POMF (SHS 80 and 95) can be 
used as CBE chocolate coating based (extruded chocolate and 
heat-resistance chocolate coatings) at which CB is not applicable. 
Meanwhile the low solid fat content SHS65 is suitable for fat 
filling and soft CBEs. 

Bootello et al. (2012) 

SHS:POMF,  • Two sunflower-based CBE (high oleic sunflower oil, HOSO and high 
stearic high oleic, HSHO) was blended with CB at different ratio.  

• The results from the blending of the sunflower based CBE with CB 
from 5 g up to 25 g CBE/100 g showed a monotectic effect from the 
iso-solid diagram with comparable melting profiles to that of CB.  

• The integration of 5 g HSHO-CBE/100 g blend caused as significant 
(p < 0.05) decrease in the in Casson yield stress but has comparable 
chocolate viscosity as the reference chocolate. 

• Comparing the two CBE, HSHO-CBE in dark and compound choc-
olate displayed high viscosity and particle size distribution.  

• Three CBE blends were produced from SHS:POMF (SHS65, SHS 80 
and SHS95).  

• The CBEs has low palmitic acid and high stearic and oleic acid of 
4.4–5.2%, 40.8–54.8% and 33.0–46.9% respectively.  

• The blends shoed an eutectic behavior for SHS65 and SHS80 but 
showing monotectic behavior on the iso-solid diagram of SHS: 
POMF 95 with the presence of softening effect however, the blends 
are compatible with CB without the presence of eutectic effect.  

• The CBEs (SHS 80 and 95) developed from SHS with POMF are fully 
compatible behavior with CB. 

Palm Stearin, PS 
PS:PO:Co & PS: 

OO:Co  
• Palm stearin were blended with different vegetables oils that is 

palm olein, PO, coconut oil, CO, olive oil, OO coconut.  
• CBS5 and CBS7 are recommended as suitable CBS blends for 

manufacturing processes as it is complying with Egyptian CBS 
standard. 

Hashem et al., 2018; 

PS:SS Biswas et al., 2017; 

(continued on next page) 
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processing, especially as CBEs (Moharram & Moustafa, 1982). The MSF 
is also rich in saturated and monounsaturated fatty acids because of its 
SUS-TAGs (POP: 1.5%–8.9%, POS: 10%–16% and SOS: 25%–59%), 
which are desirable for confectionery applications (Jahurul et al., 2019; 
Jin, Zheng, et al., 2017). The reported MSF and its stearin lack POP but 
has high SOS content, suggesting their suitability as SOS-rich fat sources 
and as CBIs to increase the melting properties and hardness of CB 
products. Meanwhile, pure and fractionated MSF has been investigated 
as CBS, CBE, and CBI by blending it with POP-rich fat resources (Jahurul 
et al., 2014a, b; Jin et al., 2016; Jin, Akoh, Jin, & Wang, 2018; Jahurul, 
Zaidul, et al., 2018; Jin, Jin, Wang, & Akoh, 2019; Sonwai et al., 2014). 
The application of MSF and its stearin in confectionery would be an 
interesting study for the utilisation of mango fruit and its waste product. 

3.3. Shea stearin 

Shea butter is produced from the nut of shea trees (Butyrospermum 
parkii), which are mainly distributed in West Africa. The main distrib-
utors of this nut are Ghana, Mali, Burkina Faso, Nigeria, Cote d’Ivoire, 
Benin, Togo, and Guinea, with a total estimated production of 600, 000 
tons (Lana, 2017). Shea is the second largest symmetrical stearic-TAG 
natural source and more favored as an ingredient of CBS for choco-
lates and cosmetics (Alaba, Sani, Mohammed, Abakr, & Daud, 2017; 
Segman, Wiesman, & Yarmolinsky, 2012). This substance is the most 
accepted source of SOS fat, but it consists a high level of low melting 
SOO-TAGs, which could soften the oil (Bootello et al., 2012). Therefore, 
only the stearin or the hard fraction has been applied in the food in-
dustry (Zhang, Song, Lee, Xie, & Wang, 2017). Shea can be fractionated 
to produce SOS-rich shea stearin (SS) (Gunstone & Harwood, 2007), 
which is applicable to formulate high melting point CBEs (Bup, Kapseu, 
Matos, Mabiala, & Mouloungui, 2011; Lipp & Anklam, 1998). The use of 
high melting shea-stearin in various functional food products would be 
an interesting study. 

3.4. Kokum fat (Garcinia indica) 

Kokum fruit is a slender evergreen tree distributed in several regions 
in India (Maheshwari & Reddy, 2005). Kokum is a species from the 

mangosteen family and contains 5–8 seeds, which are considered wastes 
during the processing of kokum (Vidhate & Singhal, 2013). Approxi-
mately 10, 200 tons of kokum fruit, with potential fat yield of 1000 tons, 
are produced yearly (Kshirsagar, 2008; Negavekar, Kumar, Dubey, & 
Singhal, 2019). Kokum seed contains 40%–50% fat with fatty acids 
similar to those of CB. Thus, this fat is often used as a CBE (Negavekar 
et al., 2019). KF is rich in SOS-TAGs and consists of stearic (50%–60%) 
and oleic (36%–40%) acids with melting point of 39 ◦C–42 ◦C, iodine 
(35–37 g I2/100 g), and saponification values of 189. Thus, these 
properties make kokum suitable as a raw material for CBE (Raju & Reni, 
2001; Reddy & Prabhakar, 1994). Given its low-level palmitic acid and 
high-level stearic acid, kokum is considered as healthy source of CBA for 
confectionery and chocolate products. The CBA from kokum is less 
atherogenic and has low efficiency of absorbing SOS-rich TAGs than the 
palmitic, lauric and myristic acids compared with the other CBAs with 
high palmitic acid content (Vidhate & Singhal, 2013). Although KF 
contains fatty acids similar to those of CB, its high level of stearic acid 
contributes to its high melting behaviour, resulting in incomplete 
melting at body temperature. Thus, blending is needed to reduce the 
melting profiles to that of desirable CB properties. 

3.5. Illipe butter (Shorea stenoptera) 

Illipe butter (IB) is produced from Shorea stenoptera, which is mainly 
distributed in the Borneo islands, specifically in the tropical low-land 
rainforest (Bahari & Akoh, 2018b). IB is one of the potential sources 
of vegetable fats due to its fatty acid composition (C16: 19.71–20.22%, 
C18: 44.27–42.60%, C18:1: 31.29–31.89%, C18:2: 0.53–1.01% and C20: 
2.18–3.53%) and has been used widely by the Indonesian community to 
accommodate their need of vegetable fats (Darmawan et al., 2020). 
Approximately, 41%–48% of IB produced from the fruit compose of POP 
(6.6%), POS (36.0%), and SOS (53.1%) (Illiyin, Marikkar, Shuhaimi, 
Mahiran, & Miskandar, 2013). This butter has been applied in wet 
noodles, black butter rice and lipsticks. IB is also considered as a sub-
stitute agent in chocolate formulation, because it is classified as a CBS 
and exhibits properties similar to that of CB (Gusti & Waluyo, 2016; 
Kusumaningtyas & Sulaeman, 2012; Leksono & Hakim, 2018). 

Table 2 (continued ) 

Fats and oils Observation/Effect of blending Results/Application as CBAs References  

• Two blends namely CBS5 and CBS7 with proportion of 
33.33:33.33:33.33 and 22:10:68 ratio was identified as the best 
blends for formulated CBS.  

• The four best blends are recommended as CBE that can be blend 
with CB up to 30% for chocolate manufacturing without resulting 
to significant changes to the physical properties. 

PS:PKO:POMF  • Melting point of the two blends were ranged from 34 to 35 ◦C with 
the present of 18.70–31.11% of lauric acid, 15.73–33.82% of 
palmitic acid, 4.20–8.87% of stearic acid, 18.97–24.76% of oleic 
acid and 3.24–3.96% of linoleic acid.  

• The best blend with 25.5% of PS, 59.6% of PKO and 14.9% of 
POMF is suitable for CBS in confectionery filling application. 

Kang, Jeon, Kim, and 
Kim (2013)  

• Fractionated palm stearin and shea stearin, PS:SS blends (40:60) 
ratio were blended with CB at ten different ratios to formulate 
commercial CBE.  

• Four best blends were identified at 5:95, 10:90, 20:80 and 30:70 
indicating that PS:SS can be incorporated up to 30% with CB in 
chocolate formulation.  

• These blends has 24.9–25.4% of palmitic acid, 36.6–37.4% of 
stearic acid, 33.2–33.3% oleic acid, 16.6–19.2% of POP, 
31.9–40.8% of POS and 28.1–33.4 SOS similar to that of CB.  

• Palm stearin were blended with palm kernel oil and palm oil mid- 
fraction at eight different ratios to investigate the physicochemical 
and morphology properties of the blends.  

• The physicochemical properties of the fat were significantly 
affected via blending thus, producing one best blends at 
25.5:59.6:14.9 ratio of PS:PKO:POMF for CBS application.  

• The blend showed monotectic effect at 20–25 ◦C, comparable POP 
composition and similar crystal microstructure with distinct 
melting, SFC (at 20 ◦C) and polymorphic behavior to that of CB. 

MMF: fractionated mango kernel fat, BKF: Bambangan kernel fat, IB: Illipe butter, PKO: Palm kernel oil, POs: Palm stearin, SO: 
Sunflower oil, SB: Shea butter, SA: Stearic acid, OA: Oleic acid, CB: Cocoa butter, CO: Canola oil, PO: palm olein, Co: coconut oil, CBE: cocoa butter equivalent, CBS: 
cocoa butter substitutes, CB:, cocoa butter replacer, CBI: cocoa butter improver. 
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3.6. Sunflower oil and its stearin 

High oleic high stearic sunflower oil (HOHS) has higher levels of 
stearic (17%–25%) and oleic acids (60%–70%) than the common sun-
flower oil (Bootello et al., 2012). The hard stearin (SUS-TAG rich) is 
obtained from the fractionation of HOHS for CBE formulation, yielding 
fat with sufficient solid content and desirable melting profiles. HOHS 
exhibits very low polyunsaturated fatty acids with approximately only 
about 4% of long-chain arachidic and behenic acids and low SFC than 
other SUS-rich fats such as CB (Bootello et al., 2013, 2018, 2012; de 
Figueiredo, Fernández, & Nolasco, 2019; Fernández-Moya, Martí-
nez-Force, & Garcés, 2005; Kadivar, De Clercq, Mokbul, & Dewettinck, 
2016; Salas, Bootello, Martínes-Force & Garcés, 2011). Thus, HOHS has 
to be fractionated to produce stearin (Bootello et al., 2012). Another 
common sunflower oil used for blending is the high oleic sunflower oil 
(HOSO), which is a promising CBE source with its low solid content. 
HOSO exists as a liquid at 25 ◦C due to its oleic acid and low stearic acids 
(Kadivar et al., 2016). HOSO has also been reported as an ingredient for 
CBE formulation via inter-esterification, because the TAGs at its sn-2 
position are rich with oleic acid. 

3.7. Palm stearin 

The PS is a solid fat with high-melting fractions produced from the 
fractionation of palm oil under controlled temperature. Similar to 
POMF, PS is less expensive and cost-effective for compound chocolates 
and confectionery fillings compared with other products from vegetable 
oils (Biswas et al., 2017; Jahurul et al., 2019). It has low linoleic acid 
resulting in less tendency to oxidise (Soares et al., 2009). PS has a wide 
range of TAGs, with distinct melting behaviours (44 ◦C–56 ◦C), that need 
to be mixed with low-melting point oils (Biswas et al., 2017; Oliveira, 
Rodigues, Bezerra, & Silva, 2017). PS is a POP-rich fat and can be 
blended with low melting point fats or POP-needed fats, such as MSF 
(POP: 1.19%–3.5%) and BKF (POP: 0.75%–5.40%) to produce fat that 
greatly resembles commercial CB. However, PS is not suitable for direct 
utilisation in CBE due to its significant content of high-melting TAGs (i. 
e., tripalmitin) that leads to incomplete melting at body temperature 
(Kang, Kim, Kim, Lee, & Kim, 2013). Thus, modifications, such as 
blending with other vegetable fats, are required to manufacture stable 
CBEs. Moreover, the chocolate-manufacturing countries, such as Japan, 
Europe, and the USA, have permitted the incorporation of PS with shea 
butter and their fractions as the starting ingredients for producing CBEs 
(Gunstone & Harwood, 2007; Lipp & Anklam, 1998; Lovett, 2005; 
Shukla, 1995; Stewart & Timms, 2002). 

3.8. Bambangan kernel fat 

BKF is obtained from the seed of the underutilized fruit Mangifera 
pajang. The kernel is discarded as waste by-product but has been re-
ported to contain high levels of antioxidants, indicating a remarkable 
good health effect (Bakar, Mohamed, Rahmat, & Fry, 2009; Jahurul 
et al., 2019; Ling, Chan, & Nandong, 2020). Therefore, the cultivation of 
bambangan fruit in Malaysia has been increasing from 2013 to 2015 
(115.3–121.6 metric tons) (Department of Agriculture, Malaysia, 2015). 
The BKF from the bambangan fruit is composed of palmitic (8.4%– 
15.8%), stearic (36.4%–40.4%), and oleic (39.2%–44.5%) acids 
(Jahurul, Soon, et al., 2018). The TAG composition of the BKF corre-
sponds to these fatty acids. The high level of SUS-TAGs (46.2%) is 
responsible for the physicochemical and thermal behaviour of BKF. The 
physicochemical and thermal properties of BKF show that this fat is 
suitable for the formulation of CBAs as a blending component (Jahurul 
et al, 2018a, 2019; Norazlina et al., 2020). However, BKF should be 
stabilized by blending it with other fats to increase its palmitic acid to 
ensure its compatibility with CB and provide similar characteristics. 

4. Production of CBAs by blending different vegetable fats and 
oils 

4.1. Cocoa butter equivalents 

CBEs are usually non-lauric fats that exhibit characteristics (i.e. 
physicochemical, thermal and sensory attributes) similar and compat-
ible to those of CB so that they could be blended with CB at any pro-
portion without changing the characteristics of the CB in the final 
products (Bahari & Akoh, 2018a; Bootello et al., 2012; Jahurul et al., 
2013; Talbot, 2009a; Timms, 2003). CBEs also possess TAGs similar 
those in CB but are produced from low-cost vegetable oils (Shukla, 
2005), and used as CBAs in the manufacture of chocolate. Commercial 
CBEs can be obtained by fractionation or blending the POP-rich fat 
sources with the SOS-rich fats (Salas, Bootello, Martinez-Force, & Gar-
ces, 2011; Sonwai et al., 2014; Watanabe et al., 2021). They are pro-
duced by blending POMF with the stearin from the tropical butter, 
which is rich in stearic acid (i.e., sal, shea, mango, kokum, and illipe 
fats) (Bahari & Akoh, 2018b; Biswas, Cheow, Tan, & Siow, 2018; Huang 
et al., 2021; Lipp et al., 2001). 

Recently, Huang et al. (2021) produced CBE through the blending 
and inter-esterification of POMF and stearic acid blends. The formulated 
CBE resembled the TAG composition of CB with corresponding POP, 
POS, and SOS of 19.52%, 49.53% and 28.46%, respectively. The 
inter-esterified CBE also showed similar polymorphic behaviour and SFC 
that showed a gradual decline at 30 ◦C and melted completely at 40 ◦C 
similar to CB. These characteristics suggest that the CBE could be 
incorporated up to 40% in the product to replace CB without causing 
significant changes to the thermodynamic properties of CB. The rec-
ommended CBE also showed good compatibility with CB at all ratios 
with the absence of the eutectic phase. 

In another study, Norazura et al. (2020) blended three palm fractions 
(POMF-iodine value of 45: PKO-IV of 33: PS-IV of 14) to determine their 
mouldability as CBAs for the production of chocolate bars. The potential 
blend, labelled as blend F (POMF/PKO/POs-IV of 33/POs-IV at 
14:91:1:5:3 ratio) had 47% SFC at 20 ◦C, high rupture tension of 105.28 
gfcm-2, breaking force of 5501 gf and the ability to be moulded and 
de-moulded at 10 ◦C (45 min). The blend exhibited a crystal micro-
structure similar to that of CB with 46.92%, 21.81%, and 38.01% of 
palmitic, stearic and oleic acids, respectively. This blend can be inte-
grated with CB at 10%–30% ratio without leading to the softening effect, 
suggesting that blend F can be used as an alternative for the production 
of chocolate bars in the confectionery industry. 

In another study, Bahari and Akoh (2018a, b) synthesised 
CBE-structured lipid from IB and POMF blends (IB: POMF, 10:3, %, 
w/w). The TAGs composition for the CBE were 19.1%, 42.7%, and 
29.9% of POP, POS and SOS, similar to that of CB. The POP was 
significantly increased from 7.3% to 16.8% and 18.3% after the physical 
blending and inter-esterification processes, respectively. Meanwhile, the 
melting profile for the inter-esterified IB: POMF blend showed values 
comparable to those of CB, indicating that the blend could be applied as 
CBE without causing significant changes in the thermal behaviour. The 
blends exhibited spherulite crystal microstructure and dominant β peak 
at 4.6 Å. In addition, white and dark chocolate were produced from the 
inter-esterified blends. The results showed that the D90 and D(4,3) values 
for both CBE and CB chocolates were not significantly (p < 0.05) 
different. The blooming effect in the dark chocolate formulated from the 
inter-esterification was also further delayed with the addition of 0.5% 
sugar ester. Thus, the formulated CBEs may be applied for 
manufacturing chocolate to delay the development of the fat bloom. 

Bootello et al. (2018) blended fractionated sunflower oil with POMF 
to produce CBE. The fatty acids from the blends had 20.8%, 34.4% and 
36.9% of palmitic, stearic and oleic acids with a significant level of 
arachidic (2.1%) and behenic (2.3%) acids. Corresponding to the TAGs, 
the CBE showed approximately 8.8% POS, 43.2% SOS and 11.6% POP. 
The resulting CBE exhibited low palmitic acid, low POS, high stearic 
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acid and high SOS compared with CB. However, reducing the POMF in 
the HOHS stearin resulted in high SFC at <25 ◦C compared with the CB, 
producing high-melting point TAGs that could be applied as an 
improver. The authors suggested that the CBE from the sunflower stearin 
can be used to manufacture compound coatings and chocolate. 

Kadivar et al. (2016) also formulated CBE by blending the SOS-rich 
stearin fraction produced by the enzymatic inter-esterification with 
CB. The results from the blending of the sunflower-based CBE with CB 
from 5 g up to 25 g CBE/100 g showed a monotectic effect from the 
iso-solid diagram with melting profiles comparable to that of CB. The 
CBEs were then further integrated into the chocolate and compound, 
and their properties were further analyzed. The integration of 5 g 
HSHO-CBE/100 g blend caused significant (p < 0.05) decrease in the 

Casson yield stress but had comparable chocolate viscosity as the 
reference chocolate. Thus, the CBEs produced from the stearin of HOSO 
and HSHO sunflower blended with CB could be utilized as confectionery 
alternative fats. 

Mutia, Zaidel and Muhamad (2015) produced high nutritional CBE 
that consisted of omega-3 and omega-6 fatty acids by blending POMF 
with canola oil. The omega-3 and omega-6 fatty acids contributed to the 
increment of linoleic (5.35%) and linolenic (1.97%) acids in the 
formulated CBE (POMF: canola oil, 3:1, w/w ratio). The reported CBE 
showed TAG types similar to those of CB with 30.33% POP, 17.53% POS 
and 3.26% SOS. However, compared with those in CB, the POP 
composition for the inter-esterified CBE was slightly higher but the POS 
and SOS levels were lower. POMF is commonly used for CBE and CBS 

Table 3 
Fatty acid composition of common and new blending sources for CBAs applications.  

Sources Fatty Acid (%) References 

C12 C16 C18 C18:1 C18:2 C20  

POMF 0.16–0.20 29.4–51.9 4.59–5.5 36.1–37.9 5.9–10.9 0.0–0.70 Jahurul et al., 2018; 
Bahari & Akoh, 2018b; 
Biswas, Cheow, & Siow, 2016; 
Bootello, Hartel, Garcés, Martínez-Force, & Salas (2012) 

MSF – 6.67–7.71 42.27–48.23 32.91–41.41 5.97–5.51 1.66–2.33 Jahurul et al., 2020; 
Jahurul et al., 2018; 
Jahurul et al., 2017; 
Jin, Wang, et al., 2017; 

SS 0.01–0.20 3.56–20.2 43.5–60.9 31.3–44.4 0.53–6.86 0.05–3.5 Darmawan et al., 2020; 
Zhang, Ma, Huang, & Wang, 2017; 
Bootello, Hartel, Garcés, Martínez-Force, & Salas, 2012; 
Salas et al. (2011) 

KF  1.4–47.2 50.0–60.4 26.23–40.0 – 1.32–11.38 Yanty, Nazrim, Shuhaimi, & Miskandar, 2016; 
Parthasarathy, Nandkishore, Kumar, & Parthasarathy, 2014; 
Raju & Reni, 2001; Reddy & Prabhakar, 1994 

IB – 20.2–21 39.0–46.0 35.3–46.0 1.7–4.3 – Bahari & Akoh, 2018b; 
Yanty, Nazrim, Shuhaimi, & Miskandar, 2016 

HOSO – 25.2–28.0 29.9–34.2 33.8–41.2 3.0–3.3 0.4–1.0 Bootello et al., 2018; 
HSHO – 24.0–28.1 31.4–34.3 33.6–39.5 3.0–3.3 0.7–1.0 Kadivar et al., 2016; 

Bootello, Hartel, Garcés, Martínez-Force, & Salas (2012) 
PS 0.23–0.90 44.5–54.28 4.47–4.78 33.39–40.1 6.46–7.67 – Oliveira et al., 2017; 

Biswas, Cheow, & Sios, 2016; 
BKF – 8.35–8.4 36.35–36.4 44.40–44.45 5.35–5.4 2.55–2.6 Norazlina et al., 2020a; Jahurul, Soon, et al., 2018; 

POMF: Palm oil mid-fraction, MSF: Mango seed fat, SS: Shea stearin, KF: Kokum fat, IB: Illipe butter, HOSO: High oleic sunflower oil, HSHO: High stearic high oleic 
sunflower oil, PS: Palm stearin, BKF: Bambangan kernel fat. 

Table 4 
Triacylglycerols and melting behavior of common and new blending sources for CBAs applications.   

Triacylglycerols (%) Melting behavior References 

POP POS SOS Onset (◦C) Offset (◦C) 

POMF 40.4–65.0 5.8–13.0 0.3–1.9 − 20.47 – 26.9 36.07–42.1 Bahari & Akoh, 2018b; 
Biswas et al., 2017; 
Jin et al., 2016; 
Jahurul et al., 2014b; 
Bootello, Hartel, Garcés, Martínez-Force, & Salas (2012) 

MSF 1.19–3.5 13.32–16.44 29.99–55.44 − 12.98 – 15.1 32 07–36.07 Jin, Zheng, et al., 2017,b,c; 
Jin et al., 2016; 
Jahurul et al., 2014b; 

SS 0.39–0.60 5.50–6.2 40.84–73.7 – – Zhang et al., 2017; 
Bootello, Hartel, Garcés, Martínez-Force, & Salas (2012) 

KF Trace 6 72 – – Gunstone (2011) 
IB 7–7.3 24–35.2 45–47.0 31.2–34.3 38.0–40.0 Bahari & Akoh, 2018a, b; 

Gunstone (2011) 
SO 0.3–0.9 8.1–8.9 43.0–68.5 5.2–7.9 15.3–17.6 Bootello et al., 2018; 

Kadivar et al., 2016; 
Bootello, Hartel, Garcés, Martínez-Force, & Salas (2012) 

PS 32.1–71.82 3.8–14.80 2.16 − 20.92 61.87 Jahurul et al., 2019; 
Biswas et al., 2017; 

BKF 0.751–5.40 11.35–11.93 28.67–40.71 − 12.38 – 16.26 37.64–40.18 Norazlina et al., 2020b; 
Jahurul et al., 2019; 

POMF: Palm oil mid-fraction, MSF: Mango seed fat, SS: Shea stearin, KF: Kokum fat, IB: Illipe butter, SO: Sunflower oil-HOSO/HSHO, PS: Palm stearin, BKF: Bam-
bangan kernel fat. 
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production, especially in the chocolate formulation in the confectionery 
industry. The properties for POMF were improved after the blending and 
interesterification processes, resulting in properties similar to that of CB. 

Sonwai et al. (2014) also produced CBEs by blending MSF and POMF. 
The fatty acids from these blends mainly consisted of palmitic (10.3%– 
29.1%), stearic (24.7%–42.8%) and oleic acids (38.7%–40.0%). How-
ever, only the blend with 80% MSF had been suggested as CBE with POP 
(12.7%), high SOS (26.9%) and low POS (6.7%) contents but melting 
behaviours similar to that of the CB. The suggested CBE was reported to 
be compatible with CB in which the SFC of the mixtures at 20 ◦C lied on a 
straight line. 

Kang, Jeon, Kim, and Kim (2013) produced commercial CBE by 
blending the PS fraction and SS (40%: 60%) that contained approxi-
mately 81.9% of SUS-TAGs. The blends integrated at different ratios 
exhibited SFC profile and melting and crystallization behaviour similar 
to those of CB. Four best blends with ratios of 5:95, 10:90, 20:80 and 
30:70 were identified, indicating that PS:SS can be incorporated up to 
30% with CB in chocolate formulation. These blends had 24.9%–25.4% 
palmitic, 36.6%–37.4% stearic, 33.2%–33.3% oleic acids, and 16.6%– 
19.2% POP, 31.9%–40.8% POS, and 28.1%–33.4% SOS. These values 
are similar to those of CB. Thus, the resulting CBE could be blended with 
CB up to 30% in chocolate manufacturing without changing the physical 
properties of the products. 

Bootello et al. (2012) also formulated CBEs by blending the sun-
flower hard stearin (SHS) and SS with POMF. The CBEs had low palmitic 
(4.4%–5.2%), high stearic (40.8%–54.8%) and high oleic acids (33.0%– 
46.9%). The results also revealed eutectic behaviour for SHS65 and 
SHS80 blends but with a monotectic behaviour on the iso-solid diagram 
of SHS95 blend with the softening effect. However, the blends were 
compatible with the CB without the eutectic effect. Thus, CBEs (i.e. SHS 
80 and 95) developed from SHS exhibited a fully compatible behaviour 
with the CB and can be used as CBEs chocolate coating base (extruded 
chocolate and heat-resistance chocolate coatings) in which the CB is not 
applicable. Meanwhile, the low SFC SHS65 is suitable for fat filling and 
soft CBEs. More studies are required on the nutritional properties and 
the effect of addition of formulated CBEs for human consumption. 

4.2. Cocoa butter improver 

CBIs are SOS-rich fats or heat-resistant CBEs that are highly solid at 
36 ◦C, resulting in the hardness and melting resistance of chocolate due 

to the increment in the SFC (Beckett, 2008; Clercq et al., 2016; Jin, 
Zheng, et al., 2017). Highly solid CBEs are suitable to increase the 
hardness of soft CB (Lipp & Anklam, 1998) and also possess comparable 
SUS-TAGs to CB but with high level of SOS-TAGs (Beckett, 2000, pp. 
102–124; Jin, Akoh, et al., 2018). CBIs generally have higher thermal 
profiles than CB and remain as solids at points in which the CB melts 
completely (Beckett, 2008). The incorporation of pure vegetable fats 
and their fractions rich in SOS-TAGs into CB or milk fat with a CB system 
have been reported to improve the SFC, melting profiles, and lower the 
tempering time (Maheshwari & Reddy, 2005). 

Jahurul et al. (2019) blended BKF with PS to formulate CBAs. The 
melting properties of non-stabilized and stabilized blends were deter-
mined. The results showed that the blends exhibited three main TAGs, 
namely, POP, POS, and SOS, with the decreasing onset temperature for 
both stabilized (− 14.04 ◦C to − 22.16 ◦C) and non-stabilized (− 8.81 ◦C 
to − 16.80 ◦C) blends. Meanwhile, the offset temperatures were moved 
to a high temperature for both stabilized (48.35 ◦C–53.16 ◦C) and 
non-stabilized (35.94 ◦C–50.21 ◦C) blends. Thus, the melting profiles for 
the stabilized fat blends were higher than those for the non-stabilized 
blends. The blends also revealed small spherulite crystal microstruc-
ture (10–100 μm), suggesting the use of these blends as CBAs based on 
their physicochemical, thermal, and morphological behaviour. 

Jin, Akoh, et al. (2018) produced a hard fat for chocolate or CBI from 
the ternary blends of MSF third stearin (MSF-TS) with hard POMF and 
CB. An optimal physical blend (10%/55%/35% of POMF/MSF-TS/CB) 
obtained from their study possessed three main SUS-TAGs, namely, 
SOS (60.9%), POS (21.1%), and POP (9.5%). The reported CBI showed 
similar TAGs but with higher SOS than CB. Thus, this blend had high 
thermal stabilities compared to CB. In particular, CB exhibited 73.4% 
SFC at 25 ◦C and melted rapidly up to 23.4% as the temperature 
increased to 30 ◦C. However, this blend had 64.5% of SFC at 30 ◦C, and it 
decreased rapidly to 8.6% at 35 ◦C implying that it melts completely in 
the mouth. The blend also had β polymorph form and feather-like crystal 
microstructure with 50–120 μm diameter, and this characteristic is close 
to the morphological behaviour of CB. 

Then, Jin et al. (2019) blended the CBI (produced from the frac-
tionated MSF mixed with hard POMF) in chocolate formulation to 
improve the fat bloom and heat stabilities of dark chocolate. The 
formulated chocolate from the blend showed that the CBI-chocolate 
remained solid at 32 ◦C but melted at 37 ◦C compared with the 
CB-chocolate that melted at 32 ◦C. This result suggested that no 

Table 5 
Characteristics of cocoa butter alternatives, CBAs produced from different fat and oil blends.   

CBE CBI CBS CBR 

Chemical properties 
Fatty Acid (%)     
Lauric, C12 – – 15.73–31.11 – 
Palmitic, C16 10.3–40.92 – 15.90–51.34 16.35–23.32 
Stearic, C18 16.50–42.80 – 2.95–32.33 28.58–34.89 
Oleic, C18:1 32.59–40.0 – 18.97–37.28 39.85–40.68 
Linoleic, C18:2 3.60–5.35 – 3.06–6.90 5.41–5.68 
TAGs (%) 
OOO 3.1–3.4 2.1–5.3 0.4 – 
POO 0.32–8.6 1.0–5.3 1.3–4.6 – 
POP 10.70–30.33 8.2–35.6 17.7–37.5 – 
POS 4.6–49.53 23.8–60.9 4.2–28.4 – 
SOS 3.26–27.53 8.2–59.0 19.5 – 
SOO – – 1.3 – 
Melting behavior 
Onset (◦C) 14.8–15.0 15.2–34.3 3.2–25.20 − 14.10 – (− 15.23) 
Offset (◦C) 20.6–21.0 27.8–40.7 28.5–42.10 36.35–36.82 
References  

Huang et al., 2021; Bahari & Akoh, 2018a,b; Jin et al., 2019; Biswas et al., 2018; Jahurul, Zaidul, et al., 2018; 
Bootello et al., 2018; Jin, Jie, et al., 2018; Hashem et al., 2018; Jahurul et al., 2014a; 
Kadivar et al., 2016; Jin et al., 2016; Biswas et al., 2017; Jahurul et al., 2014b; 
Sonwai, Kaphuekngam & Flood (2014) Maheshwari and Reddy (2005) Biswas et al., 2016; 

CBE: cocoa butter equivalent, CBI: cocoa butter improver, CBS: cocoa butter substitutes, CBR: cocoa butter replacer. 
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waxiness was present when the chocolate was eaten. The CBI chocolate 
was also reported to exhibit only a slight bloom after 60 days of storage. 
This phenomenon was associated by a high level of SOS (55.7%–60.9%) 
with 21.1%–23.8% POS and 8.2%–11.1% POP and the presence of the 
plate-like crystal microstructure. These structures aid in the prevention 
of bloom from fat recrystallisation. 

Heat resistant CBAs or CBI were also produced by Jin et al. (2016) by 
blending of fractionated MSF and POMF. The fractionated MSF were 
blended with POMF I (IV of 48.5), II (IV of 45.0) and III (IV of 31.3) at 
corresponding ratios of 10/90, 20/80, and 30/70. The results revealed 
that the blend with 10/90 (PMF-III: MSF) was the best blend, because it 
had similar properties with CB. The blend had comparable CB-TAGs of 
13.6% of POP, 35.6% POS, and 34.1% SOS but with high melting 
behaviour (onset: 16.3 ◦C and offset: 29.7 ◦C). This blend also had 
comparable physicochemical properties such as IV and slip melting 
point which makes it applicable as heat-resistance CBAs. Thus, this 
blend ratio is suggested to be applied as CBI to improve the thermal 
properties of CB. 

Lastly, Maheshwari and Reddy (2005) blended KF with CB to 
improve the TAGs, rheological properties, and hardness of CB in dark 
and milk chocolate formulations. The properties of CB were significantly 
improved with the addition of KF. The results showed that adding up to 
5% KF into the CB did not cause significant (p < 0.05) changes to the 
plastic viscosity for both milk and dark chocolates. By contrast, the 
hardness of the chocolate increased with SFC of 61%–87% at <30 ◦C and 
melted completely at 40 ◦C when 15%–20% (by weight) of KF was 
blended with CB. This phenomenon was due to the increment of 2-oleo-
distearin TAGs in the CB blends contributed by the addition of KF. Thus, 
up to 5% of KF (by weight) can be incorporated into the CB to prepare 
hard chocolate which could be used in countries in warm regions. The 
reported CBI blends were mainly used to improve the properties, such as 
increasing the hardness, melting properties, rheology and reducing the 
blooming effect, of CB-chocolate. Thus, hard fat or SOS-rich fat are 
commonly used to formulate CBI. Information on the blending of new 
hard fats with POP-rich fats is needed, for example, the blending of 
fractionated BKF with POMF to prepare heat-resistant CBEs. 

4.3. Cocoa butter substitutes 

This CBA is different in terms of their fatty acid profiles, because the 
CBS normally contains lauric acid or is established from lauric-rich fats 
such as refined bleached deodorized palm kernel oil (RBDPKO) or co-
conut oil (Biswas et al., 2018; Talbot, 2009a; Zhang et al., 2020). This 
lauric fat has different chemical properties but with physical properties 
similar to those of CB when mixed with CB (Bahari & Akoh, 2018b). 
Although CBS is chemically different from CB and shows eutectic effect, 
it does not need a tempering process, which is generally needed by the 
end product of other CBAs (Biswas, Cheow, Tan, & Siow, 2016; Nor-
azura, Nur Haqim, & Noor Lida, 2018). 

Biswas et al. (2018) reported a CBS with major fatty acids (palmitic, 
24.81%, stearic, 32.33% and oleic acids, 29.1%) similar to CB from the 
inter-esterified ternary blends of 80% POMF: PKO: PS blends mixed with 
15 and 5% of stearic and oleic acids. The TAGs content for the blend 
ranged from 17.7% to 18.0%, 33.8%–38.9% and 24.2%–29.2% for POP, 
POS and SOS, respectively, with the optimized blends showing a melting 
characteristic (at 33 ◦C) closer to CB. The compatibility for the optimal 
inter-esterified blend with CB was also analyzed at 5%–20% of CBS/CB 
ratio. The results showed a desirable monotectic effect at 15–25 ◦C with 
similar melting and polymorphic behaviours as CB. These results sug-
gested that the blends can be applied as CBS up to 20% with CB for 
chocolate manufacturing. 

Hashem, Abul-fadl, Arafat, and Aboulhoda (2018) produced CBS by 
blending some vegetable oils such as PS, palm oil (PO), coconut oil (CO), 
palm olein (PO) and olive oil (OO) at seven different ratios based on 
their lauric acids and melting points. The reported results indicated that 
the values for the melting point of all blends were approximately closer 

to the body temperature, especially the blends labelled as CBS5 (PS:PO: 
CO, 33.33:33.33:33.33) and CBS7 (PS: OO: CO, 22:10:68) with corre-
sponding melting points of 35 ◦C and 34 ◦C. These two blends also 
exhibited 18.70%–31.11% lauric, 15.7%3–33.82% palmitic, 4.20%– 
8.87% stearic, 18.97%–24.76% oleic, and 3.24%–3.96% linoleic acids. 
Thus, these blends are recommended as suitable CBS blends in 
manufacturing processes, and their results are compliant with the 
Egyptian standard. 

Biswas et al. (2017) also produced CBS for confectionery fillings by 
blending palm fractions such as PS, PKO, and POMF. Eight ternary 
blends were investigated, and the result showed that blends with 25.5% 
PS, 59.6% PKO, and 14.9% POMF had comparable crystal microstruc-
ture and behaviour compatible to that of CB. The palmitic and oleic 
acids and POP contents of the blend also showed resemblance to CB. The 
iso-solid diagram for the ternary blends at the aforementioned ratios 
showed a monotectic effect at 20–25 ◦C producing a suitable CBS for 
confectionery fillings. 

Biswas et al. (2016) also reported the formulation of CBS by blending 
POMF with RBDPKO and refined bleached palm stearin (RBDPS). The 
results showed that the incorporation of 20%–40% POMF in RBDPKO 
and 70%–80% RBDPS in RBDPKO showed a monotectic effect at 
10–15 ◦C. Meanwhile, the POMF: RBDPS blends with 20%–40% of 
POMF exhibited monotectic effect at <30 ◦C. The melting profiles of the 
blends were also similar to that of CB but exhibited distinct poly-
morphism and fatty acid profiles. Therefore, the incorporation of 20%– 
40% POMF in RBDPKO and 50%–80% POMF in RBDPS has been sug-
gested to be applied for the production of CBS due to the comparable 
physicochemical characteristics. More studies are needed to identify the 
efficacy of adding CBS with distinct chemical and morphological prop-
erties on CB-based products. 

4.4. Cocoa butter replacers 

CBRs are also non-lauric fats usually produced trans fatty acids, 
because they originated from the partially hydrogenated soft and liquids 
oils (Biswas et al., 2018; Talbot, 2009a). However, partially hydroge-
nated fats and lauric acid are not favored, because they increase the LDL 
cholesterol level. CBR can also be produced by enzymatic 
inter-esterification, fractionation, and blending of various fats and oils, 
which is less costly, and the fatty acids are comparable with CB (Bootello 
et al., 2012; Jahurul et al., 2013). 

Jahurul, Zaidul, et al. (2018) produced CBR by blending MSF 
extracted from supercritical carbon dioxide with POMF. A total of four 
blends with MSF:POMF ratios of 85:15, 80:20, 75:25 and 70:30 showed 
similar physicochemical properties with the commercial CB. These 
blends showed an IV and slip melting point of 43.2–43.4 g I2/100 g and 
33.8–34.9 ◦C, respectively. The fatty acids of MSF were significantly (p 
< 0.05) changed after the blending process. The four blends mainly 
consisted of palmitic, stearic, and oleic acids. Thus, the blends in the 
given ratios were suggested to be applied as CBRs. 

CBRs are developed by blending MSF and POMF, and studies have 
reported that the usage of these blends is viable to prepare green-quality 
CBR (Jahurul et al., 2014a, b). Certain blends show similar SFC as CB at 
10–20 ◦C whereas, blends with 70%–85% MSF, have similar crystalli-
zation curve at 10.17 ◦C, 10.58 ◦C, 11.54 ◦C, and 11.66 ◦C, that is, a 
single curve with one maximum peak. The blends exhibited three main 
TAGs, namely, POP (11%–38.8%), POS (22.1%–36.9%), and SOS 
(15.4%–16.2%), with blends containing 70%–85% of MSF having a 
single curve with one maximum and one small shoulder. Hence, these 
blends have been suggested as CBR with melting and crystallization 
behaviour representing high and low melting fractions similar to the 
commercial CB. The reported CBRs shows similar melting profiles with 
CB but the chemical composition, such as the TAG content, is signifi-
cantly (p < 0.05) varied, resulting in the incompatibility with CB. 
Therefore, alternatives such as CBE, are more recommended for the 
production of CB products that may not cause significant effect to the 
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quality of the final products. 

5. Application and future recommendation 

CBAs produced by blending different fats and oils are aimed for 
confectionery application, in which CB-based fats are applied. Among 
the alternatives, CBE is more recommended for application in chocolate 
manufacturing due to its properties similar to that of CB and compati-
bility at any proportion without causing significant changes to the 
physical properties of CB-chocolate (Biswas et al., 2017; Huang et al., 
2021; Norazura et al., 2020; Sonwai et al., 2014). CBS is applicable for 
confectionery filling (i.e., compound chocolate, truffles and other 
related confectionery products) (Biswas, Cheow, Tan, & Siow, 2016, 
2018; 2018; Biswas et al., 2017; Hashem et al., 2018; Talbot, 2009b). By 
contrast, CBI is suggested to prepare the hard-fat or hard-compound 
chocolate to increase the heat resistance of chocolate because of the 
softening effect that could happen during the storage and to delay the 
blooming effect (Jin, Akoh, et al., 2018; Jin et al., 2016; Jin et al., 2019). 
Nevertheless, CBR provides a low-cost replacement for CB (Jahurul 
et al., 2014a; b, 2018), but this group is less appealing compared to the 
first group of CBAs. 

CBAs produced from different vegetable fats and oils contribute as 
new ingredient sources by replacing CB partially or wholly for confec-
tionery applications. However, the information on the blending of new 
alternatives, such as BKF with other vegetable fats for CBA application, 
is limited. Thus, more study on this blended fat is required to provide 
useful information for confectionery industry. In addition to the physi-
cochemical, thermal, and morphological studies, comprehensive studies 
on the nutritional composition and health effect, such as oxidative 
studies are needed to evaluate the use and reliability of the blended fat 
for human consumption. 

6. Conclusion 

Pure vegetable fats and oils as CBA sources often have limitations in 
providing desirable CB properties. Thus, blending is one of the common 
modification methods to produce new fat sources for CBA application. 
Physical blending is the cheapest method that is applicable for the food 
industry, and the properties of the blended fat significantly (p < 0.05) 
improved after blending. The blended fats also show closer resemblance 
to CB corresponding to their CBA group application. The properties of 
CB are also improved with the addition of the formulated CBAs, indi-
cating that the blended CBAs can be applied for manufacturing con-
fectioneries and chocolates. Moreover, the blooming effect in the 
chocolate is also delayed with the integration of CBAs into the CB- 
chocolate products. Therefore, blending pure or fractionated vegetable 
fats and oils produced from common and newly identified CBA sources 
has become a recent trend to provide novel CBA sources as substitutes to 
CB either partially or wholly and to extend the availability of CB in high 
temperature regions where softening may occur during storage and 
transportation. 
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