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Abstract 
Physicochemical analysis and fatty acid content of chemical and traditional 
extracted shea kernel (Vitellaria paradoxa) from Kwara State Nigeria have 
been studied. The extraction of shea butter from shea kernel using chemical 
and traditional techniques as well as its physicochemical analysis reveals that 
both the chemical extracted shea butter (CSB) and the traditional extracted 
shea butter (TSB) are very similar in properties save for the odor (slightly 
choking nutty odor for CSB and slightly fruity nutty odor for TSB), oil yield 
(52% for CSB, 32% for TSB) and peroxide values (9.306 for CSB, 3.493 for 
TSB) which can be attributed to the chemical (n-hexane) used in extraction. 
Hence, both methods (chemical and tradition) of extraction can be adopted 
for shea kernel. The iodine value of CSB (61.3 g/100g) and TSB (64.8 g/100g) 
indicates that the oil is non-drying oil. Amongst the 16 saturated and 16 un-
saturated fatty acids identified in shea butter, seven are found in considerable 
quantities in CSB and TSB, with oleic acid having a very high % concentra-
tion (30.72 for CSB, 32.19 for TSB). The higher oleic acid to stearic acid con-
tent of both CSB and TSB, makes them relatively softer. Consequently, results 
from the study indicate that the shea butter oil obtained from Kwara State, 
Nigeria fits more into the Grade 1 oil and thus will be of better use by cos-
metics and soaps production companies, pharmaceutical industries, biodiesel 
and oilfield chemical industries. 
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Fatty Acid Profile 

 

1. Introduction 

Vegetable oil and fats are highly essential worldwide, in nutrition and commerce, 
because they are good sources of antioxidants, dietary energy, bio-fuels and thus, 
raw materials for food, cosmetic, pharmaceuticals and chemical industries [1]. 
Vegetable oils are normally extracted from fruits, seeds, kernels and nuts [2]. 
Edible oils are low in unsaturated fatty acids while the application of most in-
dustrial oils (less edible or inedible) is based on the properties of their fatty acid 
compositions [1]. Most edible oils are used in the food industries; however, re-
ports [1] indicate a growing emphasis on industrial utilization, with about 80% 
of the world production of vegetable oil for human consumption and 20% on 
animal and chemical industries. In Nigeria, major edible vegetable oils are pea-
nut oil, palm oil, coconut oil, cotton seed oil, soya bean oil etc. [3] [4] [5]. Inedi-
ble oils such as neem oil, jathropha oil, mahogany oil, moringa seed oil and ca-
labash seed oil are also available in Nigeria. Other oils and fats which are less 
edible in Nigeria include palm kernel oil, shea butter, cocoa butter and castor oil. 
The demand for vegetable oil in Nigeria is widening as industrialists depend 
mostly on popular vegetable oils such as palm kernel oil, cotton seed oil, coconut 
seed oil and soya bean oil [1]. 

Shea butter, a cream-colored fatty substance, is a less edible plant extract, 
from the shea nut tree, Vitellaria paradoxa, formerly known as Butyrospermum 
parkii. The shea tree is the major oil producing wild plant in Africa and begins 
to bear fruit of commercial quantities after about 20 to 50 years [6]. However, 
they can continuously produce shea nuts in commercial quantities for up to 200 
years [7]. About 80% of the world shea nut production comes from Nigeria, 
Ghana, Burkina and Mali [8]. In Nigeria, shea nuts grow abundantly in Kwara, 
Niger, Kebbi, Kaduna and Oyo states [6]. Shea butter in most rural areas is used 
as skin moisturizer, lantern oil, for medicinal purposes and soap making [6]. It 
can equally serve as a cocoa butter equivalent in the manufacture of chocolate as 
well as an active ingredient in cosmetics [7]. Additionally, the relatively low free 
fatty acid content of shea butter and its use for biodiesel production have been 
reported [9]. 

The grading of shea butter is based on West African regional standard vis-à-vis 
major oil parameters such as moisture content (%), free fatty acid (%), peroxide 
value (meq/kg) and insoluble impurity (%) has been documented [6]. Shea but-
ter oil which can be used by cosmetics and pharmaceutical industries is classified 
Grade 1, those that are for making confectionaries, chocolates and margarines 
are classified Grade 2, while Grade 3 shea butter are for producing soap. Table 1 
presents the qualities of different grades of unrefined shea butter according to 
West African Regional Standard [6]. However, lower grades of shea butter can  
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Table 1. Grades of unrefined shea butter. 

Parameters Grade 1 Grade 2 Grade 3 

Moisture content (%) 0 - 0.5 >0.05 - 0.2 >0.2 - 2.0 

Free fatty acid (%) 0 - 1.0 >1.0 - 3.0 >3.0 - 8.0 

Peroxide value (meq/kg) 0 - 10.0 >10.0 - 15.0 >15.0 - 50.0 

Insoluble Impurity (%) 0 - 0.09 >0.09 - 0.2 >0.2 - 2.0 

Source: [6]. 
 

be refined to obtain higher grades. 
The aim of this study is to extract shea kernel from Kwara State Nigeria, using 

chemical and traditional methods, as well as determine the physicochemical 
properties and fatty acid profile of the extracted of shea butter for use as raw 
materials in the oilfield industries. 

2. Methodology 
2.1. Sample Collection and Preparation 

Shea kernels were obtained from Kayama in Kwara State, Nigeria, and were prop-
erly identified at the herbarium of University of Port Harcourt. Thereafter, the 
kernels were washed, sun dried, grinded to fine powder texture and then stored 
in a dry container for further analysis. 

2.2. Extraction and Characterization 

Extraction of the kernels via chemical method was done according to reported 
[10] [11] methods as modified using a soxhlet apparatus as the extractor and 
n-hexane as solvent. This method produced the chemical extracted shea butter 
(CSB) used in this study. Extraction by traditional method on the other hand, 
was done by roasting the prepared shea kernel powder in a pot and grinding to 
obtain a viscous liquid. The product was then kneaded with intermediate addi-
tion of hot water in order to break the emulsion and facilitate the separation of 
fat. Cold water was used to separate the fat, such that it floats on top, leaving a 
brown residue (chaff) beneath. The fat was scooped out, washed severally (5 
times) and heated to evaporate moisture. Thereafter, the oil was decanted and 
filtered using a filter cloth and then allowed to cool down and solidify. This me-
thod produced our traditional extracted shea butter (TSB). The extracted shea 
butter samples (CSB and TSB) were later concentrated in an oven at 105˚C for 4 
hours in order to reduce moisture to minimal level in line with published reports 
[12]. 

A Lovi bond apparatus (PFXi 880/P) was used for color determination, while 
a Refractometer (Bellingham + Stanley Ltd) was used to determine the refractive 
index of the extracts. Additionally, a Viscometer (Fann 207198, model 35) was 
used for the viscosity measurements and a pH meter (Oxitop-195, Xylem Ana-
lytics Germany) was used to determine the pH values for the extracts (CSB and 
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TSB). Finally, using a 25 ml specific gravity bottle, the specific gravity measure-
ments were carried out. 

Chemical characteristics such as acid values and free fatty acid values (AOAC 
940.28 & ISO 660.2009), saponification values (AOAC 920.160), peroxide values 
(AOAC 965.33) and iodine values (AOAC 920.159) were determined using stan-
dard procedures [10]. 

The fatty acid composition analysis was done with a Shimadzu QP2010 plus 
series gas chromatography coupled with Shimadzu QP2010 plus mass spectros-
copy detector (GC-MS) system. The temperature was programmed from 70˚C to 
280˚C. Helium gas was used as the carrier gas. The injection volume was 1µl with 
injection temperature of 250˚C and a column flow of 1.80 ml/min for the GC.ACQ 
mode scanner with scan range of 30.00 m/z - 350.00 m/z amu and speed of 666 
was used in the mass spectroscopy. The mass spectra were compared with the 
NIST05 mass spectra library [13]. 

3. Results and Discussion 

Results for the physicochemical properties of chemically extracted shea butter 
(CSB) and traditionally extracted shea butter (TSB) are shown in Table 2 and 
Table 3 respectively, while results of fatty acid composition for CSB and TSB are 
presented in Table 4 and Table 5 respectively. 

From Table 2, the color of CSB and TSB obtained were 0.2 off hue and 0.0 off 
hue respectively, TSB being slightly lighter than CSB. This could be as a result of 
the several washing of the TSB fat. Reference [14] reported the lovi bond color of 
crude palm oil as 11 red and 22 yellow. Comparatively, it will be less costly to 
bleach and refine shea butter due to its color. The CSB had a slightly irritating 
odor when compared to the TSB as observed from Table 2. This can be attri-
buted to the chemical used in extraction (n-haxane). 

The oil yield of CSB is 52% while that of TBS is 32%. The CSB yield which is 
above 40% indicates that shea butter can be easily extracted for use as plant oil. 
The CSB yield agrees with similar yield of 41.11% to 53.56% obtained by previous  

 
Table 2. Physical characteristics of chemical and traditional Shea butter extracts. 

Physical properties CSB TSB 

Color 0.2 off hue 0.0 off hue 

Odor Slightly choking nutty odor Slightly fruity nutty odor 

pH 6.60 6.80 

Moisture content 0.0000 0.0013 

Refractive Index 1.46935 1.46934 

Viscosity 62.91 mP/s 67.84 mP/s 

Specific Gravity 0.901 0.907 

Oil Yield (%) 52% 32% 
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authors [15] with n-hexane as the extraction solvent. However, similar results of 
34.1% oil yield (when compared to 32% TBS) have equally been reported [15] 
while using traditional method of extraction for shea butter oil. 

Refractive index is a measure of the ratio of the speed of light in a vacuum to 
that of oil under examination [11]. Refractive index is a means of quick identifi-
cation of the nature or adulteration of any particular oil [16]. It increases with 
increasing chain length and increasing degree of unsaturation [14]. The refrac-
tive index values of CSB and TSB are 1.46935 and 1.46934 respectively. These 
values are in line with values obtained by previous authors [6] [11] [17]. Simi-
larly, the refractive index values for castor oil and rubber seed oil are also in 
close range of 1.47 and 1.46 respectively, as reported by reference [18]. 

The viscosity of oil is the resistance of oil to flow [11]. Viscosity increases with 
increase in molecular weight but decreases with increase in rate of unsaturation. 
The viscosity of CSB and TSB obtained were 62.91 mP/s and 67.84 mP/s respec-
tively. These high viscosity values of shea butter at 40˚C show high resistance to 
flow, thus, indicating that the extracted shea butter contains more saturated fatty 
acids and more solid fats at 40˚C. This makes shea butter a good source of hard 
stock (solid fraction) for bakery shortening and margarine production [14]. 

The presence of moisture in oil can support the growth of microbes [19], thus 
leading to rapid rancidity. Also, the presence of water during transesterification 
reaction causes hydrolysis of triglycerides to free fatty acids which leads to soap 
formation and poor yields. From Table 2, CSB and TSB contain 0.0000% and 
0.0018% moisture content. These values fall within the required value of Grade 1 
unrefined shea butter as shown in Table 1. Reference [20] obtained 0.036% 
moisture in shea butter used for transesterification reaction, thus, CSB and TSB 
can be utilized in biodiesel production. The low moisture content of CSB and 
TSB can equally be as a result of the 4 hours oven drying. 

Specific gravity helps to identify a sample and thus detects adulteration [21]. 
The specific gravity values obtained for CSB and TSB are 0.911 and 0.910 respec-
tively. These values indicate that CSB and TSB are unadulterated as they fall 
within the required standard of 0.8 - 1.0 reported [6]. The pH values obtained 
for CSB (6.60) and TSB (6.80) both fall within the neutral pH range thus making 
the oil neutral. 

Acid value is a measure of the amount of potassium hydroxide (mgKOH) 
required to neutralize the free acids in lg of oil/fat. The acid value of CSB is 4.77 
mgKOH/g while that of TSB is 5.58 mgKOH/g as shown in Table 3. Free fatty 
acids (FFAs) are produced by the hydrolysis of oil and fats as a result of time, 
temperature and moisture content. FFAs are less stable than neutral oil and 
thus more prone to oxidation and turning rancid [22]. They can also result into 
soap formation in the presence of homogenous base catalyst during biodiesel 
production. FFA values of CSB and TSB are 2.39 and 2.79 respectively, thus 
classifying them as Grade 2 shea butter. These values are close to results ob-
tained by previous authors [9] (2.279) and [23] (3.10) for FFA of shea butter. 
They are however lower than obtained values of reference [6] (4.21) and [24]  
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Table 3. Chemical characteristics of chemical and traditional Shea butter extracts. 

Chemical properties CSB TSB 

Acid Value 4.77 5.58 

Free Fatty Acid 2.39 2.79 

Saponification Value 208.371 210.375 

Iodine Value 61.3 g/100g 64.8 g/100g 

Peroxide value 9.306 3.493 

 
(5.32 - 6.60). The observed differences can be explained by the fact that free fatty 
acid of shea butter is affected by duration of storage, packaging material, processing, 
moisture content, germinating stage of shea nut fruit, and general climatic con-
ditions [15] [22]. 

Reference [25] reports that peroxide is the initial product of unsaturated fat 
oxidation and that fresh oil has peroxide values (P.V) below 10 meq O2/kg while 
rancid oil gives peroxide values between 20 and 40 meq O2/kg. Peroxide values 
obtained for CSB and TSB are 9.306 meq O2/kg and 3.493 meq O2/kg respective-
ly. From Table 1, these values classify the extracted Shea butter oil as Grade1 [6]. 
The P.V of CSB relates positively to 8.80 meq O2/kg and 9.80 meq O2/kg ob-
tained by previous authors [23] [26] respectively. However, it is lower than re-
ported values of 15 meq O2/kg [6]; 14.2 meq O2/kg [27] and 29.5 meq O2/kg [28]. 

Saponification value has been described as a measure of the alkali-reactive 
groups in fats and oil [29]. It is defined as the number of milligram of potassium 
hydroxide (mgKOH) required in neutralizing the fatty acids in lg of fats or oil. 
The saponification values of CSB and TSB are 208.371 mgKOH/g and 210.375 
mgKOH/g respectively, these values fall within the required range of 180 - 360 
mgKOH/g reported [6]. References [23] obtained 185.00 mgKOH/g; [11] re-
ported a value of 189.53 mgKOH/g; while [20] in their study reported a value of 
190 mgKOH/g. In similar study, reference [14] obtained 227.94 mgKOH/g. High 
saponification value indicates the suitability of the oil for soap production. The 
saponification value of 261.56 mgKOH/g has been reported [30] for palm kernel 
oil which is commonly used in soap production. Thus, CSB and TSB can equally 
be used for soap production. 

Iodine value is a measure of degree of unsaturation in an oil sample. It can be 
defined as the number of grams of iodine that can be added to 100 g of oil. Re-
ports [14] indicate that shea nut oil with low iodine value is an indication of its 
richness in saturated fatty acids and this ensures stability against oxidation, thus 
making it a good source of oil. CSB and TSB have iodine values of 61.3 g/100g 
and 64.8 g/100g respectively. These values are within the acceptable range (58 - 
72 g/100g) of iodine value for shea butter at international level [14]. The ob-
tained values are lower than 100, thus shea butter is a non-drying oil [31]. Simi-
lar works by previous authors, reported iodine values of 60.37 g/100g [32], 61.31 
g/100g [33] and 70.00 g/100g [14]. 
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From the ongoing, results from the physicochemical analysis of both the chem-
ical extracted shea butter and the traditional extracted shea butter are very simi-
lar in properties with exceptions in the odor, oil yield and peroxide values. This 
observation can be attributed to the chemical (n-hexane) used in extraction. Thus, 
irrespective of the method of extraction, the quality of the oil is the same. How-
ever, in terms of oil yield, the chemical extracted method seems better. Addi-
tionally, the shea butter oil obtained from Kwara State, Nigeria fits more into the 
Grade 1 oil and thus will be of better use by cosmetics, pharmaceutical industries 
and oilfield chemical industries [6]. 

Table 4 and Table 5 present results for fatty acid composition of CSB and 
TSB. Seven fatty acids out of the 16 saturated and 16 unsaturated fatty acids 
identified in shea butter as reported [34] were found in considerable quantities  

 
Table 4. Fatty acid composition of CSB. 

Peak # Retention Time Fatty Acid Composition of CSB Area % 

1 15.568 11-Octadecenoic acid M.E, C18:1 0.22 

2 15.792 Palmitic M.E, C16:0 11.54 

3 16.623 Palmitic acid, C16:0 4.52 

4 17.486 9,15-decadienoic acid M.E, C18:2 23.41 

5 17.666 16-Octadecenoic acid M.E, C18:1 10.88 

6 17.748 Stearic acid M.E, C18:0 7.44 

7 18.368 Oleic acid, C18:1 30.72 

8 18.459 Nonadecanoicacid, C19:0 6.92 

9 19.360 Ricinoleic acid M.E, C18:1 2.90 

10 19.436 Arachidic acid M.E, C20:0 1.38 

  Total Saturated 31.8% 

 
Table 5. Fatty acid composition of TSB. 

Peak # Retention Time Fatty Acid Composition of TSB Area % 

1 15.568 11-Octadecenoic acid M.E C18:1 0.16 

2 15.781 Palmitic M.E C16:0 10.60 

3 16.581 Palmitic acid C16:0 4.51 

4 17.482 9,15-octadecadienoic acid M.E C18:2 35.13 

5 17.716 Stearic acid M.E C18:0 7.23 

6 18.338 Oleic acid C18:1 32.19 

7 18.432 Nonadecanoic acid C19:0 7.02 

8 19.347 Ricinoleic acid M.E C18:1 2.29 

9 19.427 Arachidic acid M.E C20:0 0.85 

  Total Saturated 30.18% 
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in CSB and TSB. These seven fatty acids and their industrial applications are 
listed follows: 

1) Palmitic acid, mainly used to produce soaps, is utilized as sodium palmi-
tate. By hydrogenation, palmitic acid gives acetyl alcohol, which is useful in de-
tergents and cosmetics production. 

2) 9,15-octadecadienoic acid is used in making cosmetics, candles, plastics and 
hardening soap. 

3) Stearic acid, a very common saturated acid, serves as raw material in the 
production of detergents, soaps, and cosmetics such as shampoos and shaving 
cream products. 

4) Oleic acid, an unsaturated fatty acid that is very highly abundant in nature 
and used as a pharmaceutical solvent. It has a high lipid count which makes it a 
viable moisturizer; thus, some cosmetic companies add it to lotions and soaps in 
order to boost their ability to nourish the skin. 

5) Nonadecanoic acid is a 19-carbon long-chain saturated fatty acid of plant 
or bacteria origin. It is used by insects as pheromones. It is also an intermediate 
in the biodegradation of n-icosane and can inhibit cancer growth. It has a role as 
a fungal metabolite. 

6) Ricinoleic acid is an unsaturated omega-9 fatty acid and a hydroxy acid, 
majorly found in castor oil. It has anti-inflammatory properties, making it useful 
in treating irritated skin. 

7) Arachidic acid is a minor constituent of cocoa butter, corn oil and peanut oil. 
It is used in the production of detergent, photographic materials and lubricants. 

Oleic acid, which has a lower melting point (16.3˚C) than stearic acid (69.6˚C) 
affects the degree of hardness of shea butter depending on its relative proportion 
[35]. This implies that the higher oleic acid to stearic acid content of CSB and 
TSB, makes them relatively softer compared to published report [35]. 

4. Conclusions 

Shea butter was extracted using chemical and traditional techniques. The physi-
cochemical analysis reveals that both the chemical extracted shea butter and the 
traditional extracted shea butter are very similar in properties. Differences in the 
odor, oil yield and peroxide values can be attributed to then-hexane used in 
chemical extraction. In terms of percentage oil yield, the chemical extracted me-
thod seems to be better while in terms of stability over time, the traditional ex-
tracted shea butter with much lower peroxide value appears to be better. Seven 
fatty acids were found in considerable quantities in CSB and TSB. The higher 
oleic acid to stearic acid content of both CSB and TSB, makes them relatively 
softer. 

Results from this study indicate that the shea butter oil obtained from Kwara 
State, Nigeria fits more into the Grade 1 oil and will be of better use by cosmetics 
and soaps production companies, pharmaceutical industries, biodiesel and oil-
field chemical industries. 
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