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Abstract 

Shea butter, like other polymorphic fats are susceptible to morphological changes due to post harvest practices to 

produce either smooth and consistent fat containing predominantly β’-crystals or coarse and grainy fat containing 

predominantly β-crystals. The aim of this study was to determine the effect of temperature control (tempering) and 

agitation on the rheological and microstructural properties of Shea butter. Shea butter was heated at 80°C for 30 minutes 

and then fast cooled to room temperature. Tempered Shea butter was kept constant at tempering temperature with 

continuous agitation for 6 hours. Slip melting point and viscosity of tempered Shea butter was significantly reduced. The 

hardness index (mm) showed twice reduction compared to control. Rheological properties of tempered butter in 

comparison with control were in agreement with differential scanning calorimetry, X-ray diffraction results and 

micrographs.  
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Introduction 

Shea butter is an African butter produced from the 
kernel of Shea tree (Vitellaria paradoxa). Unrefined Shea 
butter is ivory to yellow in colour with a slightly nutty 
aroma. It predominantly comprises of approximately 40-
45% of stearic acid and oleic acid in almost equal 
proportion depending on geographical distribution [1]. 
Shea butter also contains relatively high amounts of 
unsaponifiable matter ranging from 4 to 16% as 
compared to other fats such as Cocoa butter with 
unsaponifiable content <2% [2]. Shea butter 
unsaponifiables mostly comprises of polycyclic triterpene. 
According to Di Vincenzo, et al. [3] polycyclic triterpene 

are highest in Nigeria Shea butter and lowest in Uganda 
Shea oil. The major triterpenes in Shea butter are: α-
amyrin, β-amyrin, lupeol and butyrospermol. They are 
responsible for the therapeutic effect of Shea butter. 

 
Shea butter is well known as a natural vitamin A 

cream used for a wide range of skin solutions including; 
moisturizing, anti-aging, rejuvenating, sunscreen, anti-
inflammatory among others [1]. West Africa Shea butter 
is solid to semi solid at room temperature. It has a melting 
point of 28 - 35°C. The hardness of Shea butter is directly 
related to the regional area of Shea tree cultivation. It is of 
common knowledge that Eastern Africa Shea butter such 
as Uganda Shea butter is liquid at room temperature 
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hence, it is commonly called Shea oil [4,5]. Uganda Shea 
butter is favoured over the hard West Africa Shea butter 
in the cosmetics industry due to less complexity in 
cosmetics formulations [6,7]. Even though research 
indicates that Uganda Shea oil may contain less 
unsaponifiables [3]. 

 
West African Shea butter such as Ghana and Nigeria 

Shea butter is mostly used in the confectionary industries 
as Cocoa butter substitute (CBS) due to similarity in 
hardness and Fatty acids profile [1]. Shea butter used as 
CBS is always refined. Refining strips it of its unique 
healing properties. In order to reposition West Africa 
Shea in the cosmetics industry, technologies to lower its 
hardness and subsequently its melting point, without 
altering its unsaponifiable fraction is required. 

 
Tempering is a physical method used to alter the 

hardness of solid materials such as metals and vegetable 
fat especially cocoa butter. Tempering is a controlled 
temperature cooling that give a fine creamy consistent to 
Cocoa butter and other CBEs i.e. Shea butter via 
modification of fat crystals from β to β1 [7]. Tempering is 
usually combined with churning to produces a softer 
butter with similar chemical characteristics as starting 
material [8]. This conversion results to a sharp melting 
profile attributed to chocolate. This project compares the 
rheological, thermal and microstructutal characterisation 
of unrefined Shea butter modified by tempering and 
agitation to control (un tempered). 
 

Materials and Methods 

Shea butter used for the study was purchased from 
local market in Edo State, Nigeria. All chemical used were 
analytical grade. 
 

Modification of Shea butter 

Shea butter was heated at 80°C for 30 minutes to erase 
crystal memory. Melted Shea butter was then fast cooled 
(5°C/s) to tempering temperature (25°C). Shea butter was 
kept constant at tempering temperature with continuous 
agitation for 6 hours, using Kenwood mixer at speed 2/3. 
Tempered butter was left to set at room temperature for 
one week. Stabilized Shea butter was slightly agitated for 
few minutes to remove any trapped air bubbles.  
 

Rheological Properties of Modified Shea butter 

Slip melting point, hardness index (consistency) and 
viscosity were determined according to AOCS standard 
procedures AOCS Cc 1-25 and AOCS Cc 16-60 [9]. 
Viscosity measurement was determined using a 

Brookfield digital Viscometer Model DV-I+ (MA, USA) at 
40°C. Thermal properties and microstructural properties 
of modified Shea butter was analyzed according to Fauzi 
SHM, Rashid NA, Omar Z [10]. The polymorphic form of 
fat crystals in Shea butter samples was carried out using 
the method employed by Zhang X, et al. [11]. 
 

Results and Discussion 

Rheological Properties 

Tempering is a physical process that has been used to 
alter the physical characteristics of polymorphic 
compounds such as milk fat, paraffin and cocoa butter 
[12-14]. Rønholt, et al. [15] reported the use of thermal 
treatment (tempering) to influence the number and sizes 
of fat crystals. Butter hardness is one of the most 
important aspects of texture and also the most measured. 
Hardness index have been highly correlated to sensory 
perception [14]. It is used to determines the texture and 
spread ability of polymorphic fats. One of the most 
common evaluations of butter hardness is cone 
penetrometry [14]. It is a simple, economical method that 
provides empirical data on consistency, softness and 
spreadabiity of polymorphic fats. 

 
Tempering of Shea butter led to more than three times 

reduction of hardness and consequently spreadability. 
Earlier studies have establish the direct correlation of 
consistency (hardness index) with continuous shear 
viscosity and slip melting point of pseudo plastic 
materials structurally broken down by work softening 
procedures (tempering and/or stirring) [11,12]. These 
studies are in agreement with our study as Tempered 
Shea butter (Temp B) had significantly lower slip melting 
point and viscosity compared to control (Temp A). This 
result is in agreement with Ab Latip R, et al. [16]. In their 
study, large increase in SMP was observed when cooling 
rate increased from 1.50 to 2.00°C/min. According to 
Ronholt S, Mortensen K, Knudsen JC [15], tempered butter 
tend to recover to a certain extent its initial physical state 
but will most likely not attain its full properties because 
some bonds such as the crystal-crystal cohesive bonds 
may have been irreversibly broken down. There is need to 
study the effect of time on tempered butter to ensure 
relative softness is maintained during storage. However, 
tempered butter mixed at room temperature solubilizes 
fat triglycerides, preventing full re-crystallization [17]. 
 

Fatty Acid Profile of Shea butter 

Oleic acid and stearic acid were the major fatty acids 
in Shea butter samples. Previous research has established 
these fatty acids to be predominant in Shea butter with 
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slight variations influenced by geographical distribution 
and postharvest practices [3,18,19]. Stearic acids 
compositions of Shea butter were relatively similar for 
tempered and non-tempered butter. However, oleic acid 
showed variation with tempered Shea butter (Temp B) 
had relative higher amount of oleic acid (51.47%) 

compared to Temp A (40.48%) (Table 1). Latip [16] 
reported the effect of crystallization temperature on the 
oleic acid fraction of milk fats. A similar study conducted 
by Vanhoutte B, Dewettinck K, Vanlerberghe B, 
Huyghebaert A [20] on milk fat also revealed that stirring 
of milk fat results in production of softer butter. 

 

 
Slip melting point (oC) Viscosity (cP) Hardness Index (mm) 

Temp A 37.0±1.0b 11.0±0.05b 6.21±0a 
Temp B 31.0±1.5a 9.0±0a 19.28±0b 

Table 1: Rheological Properties of Modified Shea butter in comparison with control. 
Means (n=3) within the same column with different superscripts are significantly different at p <0.05. 
 

 Palmitic Stearic Oleic Linoleic Linolenic Arachidic 
Temp A 
Temp B 

5.18a 
5.47a 

36.64a 
37.02a 

40.84a 
51.47b 

6.31a 
2.53b 

9.54a 
3.01b 

1.49a 
0.50b 

Table 2: Fatty acid composition of Modified Shea butter in comparison with control. 
Means (n=3) within the same column with different superscripts are significantly different at p <0.05. 
 

Crystal Polymorphism 

Temp A and Temp B had three major crystal 
polymorphs (α, β’, and β) as seen in Figure 1. However, 
the percentage presentation of these polymorphs differed. 
Although the chemical compositions (fatty acids) are 
relatively similar (Table 2), the different crystal structure 
(polymorphism) present can be attributed to difference in 
thermal and mechanical treatment undergone by Temp B. 
Rønholt and others [15,21] explained that polymorphism 
was influenced by factors such as cooling rate, mechanical 
treatment and agitation temperature. Temp B had a lower 

β polymorph compared to A. The highest polymorphic 
form in Temp B was α-crystals followed by β’-crystals. 
The opposite was observed in Temp A (β > β’> α). The 
polymorphic form of fat determines its rheology and 
textural behavior. β-crystals tend to form large, platelet-
like crystals resulting in a grainy macroscopic structure 
[22]. Studies have identified β-crystals as the most stable 
crystal form with highest melting point [11,14,23]. β 
polymorph has linear strong correlation with hardness of 
butter. Research has concluded that butter with high 
percentage of β’ is desirable due to high linear correlation 
with spreadability, softness and customer appeal [15]. 
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Figure 1: X-ray Diffraction of Shea butter. 

 
 

  

Figure 2: Microstructure of Shea butter (magnification 45) of non-temp (Temp A) and tempered (Temp B). 
 
 

Microscopy Analysis 

Figure 2 shows the crystal morphology of un-
tempered (Temp A) and tempered (Temp B) Shea butter. 
Tempering led to an observed alteration in the 
microstructure. The presence of large clustered crystal 

which are 150-250 μm in size indicates that both samples 
contained predominantly β-crystals [15], Temp A had 
smooth and clustery packed crystals. Tempering led to 
spacing of crystal networks. The micrograph is in 
agreement with XRD result. 

 
 

 

Figure 3: Melting Profile of Shea butter. 

Temp A 

250µm 

Temp B 

250µm 
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Differential Scanning Analysis 

Thermal properties of Shea butter were examined by 
extrapolation of melting profile. Figure 3 shows two 
distinct melting curves (Temp A and Temp B). Temp A 
gave a broad graph with the initiation of melting starting 
at 32°C, while melting point occurred at 39°C. Within the 
temperature of 40°C and 50°C, other high melting 
triglycerides continued to melt before equilibrium was 
attained. This phenomenon was not present in tempered 
butter. Temp B gave a steep graph with melting initiated 
at 31°C. Melting point was established at 37°C and at 42°C 
equilibrium was attained. 
 

Conclusion 

It can be concluded that thermal treatment (tempering) 
significantly influenced rheology, thermal properties and 
crystal polymorphism of West Africa Shea butter. 
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