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Abstract- Shea butter is a significant source of fat in the diet of
many rural dwellers in Nigeria. It is produced from the seeds of
Vitellaria paradoxa L tree. lts suitability as dietary fat or use in
cosmetic industry is greatly influenced by its physicochemical
properties and fatty acid composition. This study aimed at
determining the physicochemical properties and fatty acid
profile of shea butter found in Nigeria as a possible source of
industrial raw material for the production of stearic acid. The
physicochemical analyses results showed that the
saponification value of the shea butter samples ranged from
174.55 mg/KOH/g - 200.97 mg/KOH, while iodine value is
from 42.22 g/100g - 98.46 g/100g, the unsaponifiable matter
ranged from 2.32 - 10.55 % and peroxide value ranged from
8.14 meqg/kg - 19.66 meqg/kg. From the result of the GC-MS
analysis, the dominant unsaturated fatty acids observed are:
oleic, linoleic, vaccenic and gamma linolenic, gondoic and
palmitoleic acids. While the saturated fatty acids found are
stearic, palmitic, arachidic, behenic and lignoceric acids. The
data indicate that the Shea butter obtained from the Federal
Capital Territory (FCT), Abuja, and Niger state may be good
sources of raw material for the production of stearic acid.
Keywords: shea butter, physicochemical, fatty acid and
vitellaria paradoxa.

[. INTRODUCTION

lant oil and fats are natural sources of stearic
acids. These include cotton seed oil, coconut oil,
palm kernel, castor beans oil, rapeseed,
soybeans, sunflower and shea butter among others.
Plant fats are said to contain low quantity of stearic acid
when compared with the animal fats. They are however,
increasingly becoming important in nutrition and
commerce because they are sources of dietary energy,
antioxidants, biofuels and raw material for industrial
application (Luis Spitz, 1990 and Okullo et al, 2010).

The shea trees seeds (Vitellaria paradoxa) are
source of vegetable oil/fat used in many food products.
Both the kernels and butter are used in health products
and confectionery industries (Luis Spitz, 1990) Vitellaria
paradoxa seed oil has been reported to contain stearic
acid with percentage composition ranging between 26 -
48% depending on the growing conditions, climate, as
well as the botanical variant. In some parts of Africa,
shea butter is more liquid than others due to lower levels
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of stearic. It is reported that the extent of viscosity and
texture of Shea butter depends on the level of stearic
acid content. This is because stearic acid is considered
essential for the structure of the butter (Realize Ed,
2016).

Nigeria is said to be one of the major producers
of Shea in Africa (Collin Nnabuife, 2018). Shea trees are
grown in significant quantities in three states of the
federation, namely: Niger, Kwara and Kebbi states
(Daniel Essiet, 2018). However, this potential has not
been fully harnessed (Anonymous). This study therefore
seeks to analyze some of the variants of shea butter in
some states in Nigeria with the intent of providing
information on the plant’s potential as a possible source
of raw material for producing plant-based stearic acid
for industrial applications.

[I. MATERIAL AND METHODS

a) Sample Collection and Preparation

Samples of Shea butter were purchased from
local markets in four different states (Kwara, Kebbi,
Nassarawa, and Niger states) and FCT, Abuja, Nigeria.
They were stored in polytene containers for further
analyses in the laboratory.

b) Physicochemical Characterization

Physicochemical analyses such as acid values,
saponification values, unsaponifiable matter, peroxide
values, iodine values, acidity, moisture content, texture,
melting point, and colour was carried out using standard
procedures (Akpan et al., 2006).

c) Determination of Fatty Acid Composition

Fatty acid percentage composition of the
samples was determined using a Gas Chromatography-
Mass Spectrometer (GC-MS) machine (Shimadzu GC-
17A). The samples were esterified using the method
described by Abayomi and Co (Abayomi et al., 2012)
before GC-MS analysis. Identification of fatty acid
composition was carried out by comparing the Mass
Spectrometry data of individual analyte with those of
standards in machine library.

[1I. REsuLT AND DiscuUssION

a) Physicochemical Parameters
The results of the physicochemical analyses of
the Shea butter samples are presented in Table 1. The
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moisture content of the Shea butter samples analyzed in
this study fell within the range 0.16-11.30%. By using the
Grading method of West African regional standard using
major oil parameters, the Shea butter samples were
divided into Grade 1 (Shea butter that can be used by
cosmetics and pharmaceutical industries), Grade 2
(Shea butter that are for making confectionaries,
Chocolates and margarine) and Grade3 (Shea butter
used for production of soap). According to this grading

method, the moisture content of Grade 1 range from 0%
to 0.05%, Grade 2 ranged from 0.05 % to 0.2 % and
Grade 3 ranged from 0.2 % to 2% (Munir et al., 2012).
Most of the samples fell within Grade 2 and 3 based on
their moisture content, except for KE2 (Kebbi sample
with grey coloration) with moisture content 11.30 % and
NA (Nasarawa sample) with moisture content 3.96%
(Table 1).

Table 1: Physico-chemical parameters of Shea butter oil from selected state in Nigeria

Samples/ Parameters  AB1 AB2 KE1 KE2 KWA1 Kw2 NI NI2 NA
Acid value mg KOH/qg) 2.24 2356  17.95 6.73 2817 1739 1197 1.65 2.73
lodine value (g/100g) 7094 7094 9227 9176 60.09 98.46 4995 4222 56.03
Peroxide value (meg/Kg) 1848 3829 1505 1955  39.87 8.14 1574 18.04 1453
SV (mgKOH) 17455 200.92 179.20 189.94 16429 189.20 180.96 168.30 200.97
FFA (%) 1.12 1.78 8.98 3.37 14.09 8.69 0.98 0.82 1.58
Moisture (%) 0.97 2.00 0.27 11.30 0.59 0.23 0.42 0.16 3.96
USM (%) 3.45 10.50 3.24 8.10 10.55 3.25 8.72 5.01 2.32
Color Grey  White Grey  White Cream Cream Cream Cream  Grey
Texture S S S S S S S S S

AB = Abuja; KE = Kebbi; KW= Kwara, NI= Niger; NA = Nasarawa; SV= saponification value;, USM = unsaponifiable

matter and S = smooth

Table 2: Saturated fatty acid composition of Shea butter from selected states in Nigeria

Name Myristicacid  Palmitic acid Isopalmitic Stearic acid  Arachidic Behenic Lignoceric
Acid acid acid acid
IUPA  Tetradecanoi Hexadecanoi 14-methyl Octadecanoi Icosanoi Docosanoi  Tetracosan
C c acid (%) c acid (%) Pentadecanoi c acid (%) ¢ acid c acid (%) oic acid (%)
c (%) (%)
Ratio C14:.0 C16:0 C16:0 C18:.0 C20:0 C22:0 C24:0
AB1 0.71 24.50 19.20 1.60 1.19 -
AB2 - - 0.89 45.01 0.99 - 0.1
KE1 0.71 3.27 13.20 3.89 4,72 -
KE2 0.15 3.02 0.09 0.12 0.23 -
KWA1 - 7.13 15.76 11.36 1.06 0.32 0.13
KW2 - 1713 15.76 12.11 - 0.32 -
NI 0.10 8.72 7.38 29.18 1.78 0.19 0.14
NI2 0.14 0.02 2.10 11.86 0.35 0.07 0.14
NA 0.37 12.63 19.14 13.08 0.85 2.84 0.37

AB = Abuja; KE = Kebbi; KW= Kwara; NI= Niger; NA = Nasarawa
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Table 3: Unsaturated fatty acid composition of Shea butter from selected states in Nigeria

Name Oleic acid Vaccenic Linoleic acid Gamma-Linolenic  Gondoic acid Palmitoleic
acid acid acid
IUPAC (£)-octadec- (E)-octadec- (92,122)- (Z,2,2)-6,9,12- 11- Eicosenoic 7-
9-enoic acid 11-enoic octadeca-9,12-  Octadecatrienoic acid (%) Hexadecenoic
(%) acid (%) dienoic acid (%) acid acid
Ratio C18:9 C18:11 C18:2,6 C18:5,8,11 C20:11 C16.7
AB1 8.61 - 1.48 1.27 112 0.06
AB2 31.49 -- 1.18 - 0.28 -
KE1 9.95 - - 4.82 12.69 0.45
KE2 0.35 - 0.10 0.17 0.03 0.05
KWA1 - - - - - -
KW2 12.34 19.23 1.65 - 1.06
NI1 64.93 2.38 - 0.08
NI2 29.38 1.39 8.02 - 1.78
NA 16.88 6.02 0.16 - 0.85

AB = Abuja; KE = Kebbi; KW= Kwara, NI= Niger; NA = Nasarawa

Generally, high moisture content in oil is known
to support the growth of microbes and speed up rate of
rancidity (Alirezalu et al., 2011). Enweremdau and
Alamu, 2010, reported that Shea butter with 0.036%
moisture gave good vyield during trans-esterification
leading to production of biodiesel. It is observed that for
industrial applications, some of the Shea butter sold in
Nigerian markets may require further drying.

The acid values of Shea butter analyzed in this
study ranged from 2.73 mgKOH to 23.56 mgKOH as
presented in Tablel. Acid value is a measure of the
amount of potassium hydroxide (mgKOH) required to
neutralize the free acids in | gram of oil/fat.

Free fatty acids (FFA) values of the samples
analyzed in this study ranged from 1.12 % to 3.24 %.
These values were within the range for Grade 2 (1.0% to
3 %) and Grade 3 (3.0 % to 8.0%) according to West
African regional standard (Munir et al., 2012). FFA are
produced by the hydrolysis of oil and fats as a result of
time, temperature and moisture content (Mahesar et al.,
2014). They are less stable than neutral oil and thus
more prone to oxidation and turning rancid. Factors
that affect FFA content of an oil are duration of storage,
packaging material, processing, moisture content, and
general climatic conditions (Mahesar et al., 2014; Okullo
etal., 2010).

The peroxide values of the samples are in the
range 15.0 meg/Kg to 50.0 meg/Kg as indicated on
Table 1. Literature report that peroxide is the initial
product of unsaturated fat oxidation and that fresh oil
has peroxide values below 10 meg/kg while rancid oil
gives peroxide values between 20 and 40 meg/kg (Kirk
& Sawyer, 1991). According to West African regional
classification based on peroxide value (Munir et al.,
2012), the samples in the study may be considered to
fall within the Grade 3 range with 15.0 meg/Kg to 50.0
meag/Kg.

The saponification values ranged from 164.29
mgKOH/g to 200.97 mgKOH/g, these values fall within

the required range of 180 — 360 mgKOH/g reported
(Munir et al.,, 2012). Saponification value has been
described as a measure of the alkali-reactive groups in
fats and oil (Shahidi & Ambigaipalan, 2005). It is defined
as the number of miligrams of potassium hydroxide
(mgKOH) required to neutralize the fatty acids in | gram
of fat or oil. High saponification value indicates the
suitability of the oil for soap production.

The iodine value of studied samples ranged
from 42.22 g/100g to 92.27 g/100g. These values are
within the acceptable range (58 - 72 g/100g) of iodine
value for shea butter at international level (Samuel et al.,
2017) except for KE1 (9227 g/100g), KE1 (91.76
g/100g) and KW2 (98.46 g/100g). lodine 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. It is reported that shea nut
fat with low iodine value is indicates its richness in
saturated fatty acids and this ensures stability against
oxidation; thus making it a good source of oil (Samuel et
al., 2017). The obtained values are lower than 100 thus,
shea butter is a non-drying oil (Warra, 2015). The results
from the physicochemical analysis indicates that the
samples may be categorized into Grade 2 and 3 oil.

The fatty acid prolife was analyzed by GCMS.
Seven saturated fatty acids and six unsaturated fatty
acids identified in Shea butter as reported by (Di
Vincenzo et al.,, 2005) were found in considerable
quantities in the analyzed samples. Their identity and
percentage composition are presented in Table 2 for
saturated and Table 3 for the unsaturated fatty
acid. The dominant saturated fatty acid includes
myristic acid C14, palmitic acid C16, stearic acid C18,
Arachidic acid C20, Behenic acid C22 and lignoceric
acid C24.

Stearic acid content was found to be higher
than other saturated fatty acids in the samples. Its
percentage composition ranged from 0.09% (KE2:
Kebbi white) to 45.01 % (AB2: Abuja white) as presented
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in Table 2. Figure 1 showed that percentage
composition of stearic acid was the highest in AB2
(Abuja white); KE1 (Kebbi grey) and NI1 (Niger grey
sample). The value obtained for AB2 is close to the
value reported for Shea butter (49.7%) obtained from
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Jalingo, Taraba state, Nigeria (Ugese et al.,, 2010).
Therefore, AB2, KE1, and NI1 samples could be a good
source for stearic acid production. Furthermore, all other
samples contain a considerable amount of stearic acid,
as depicted in figure 1.

W Myristic acid

B Palmitic acid

M [sopalmitic Acid
Stearic acid

B Arachidic acid

B Behenic acid

Lignoceric acid

L.

KE2Z KW1 Kw2

NIl NIZ  NA

Figure 1: Saturated fatty acid percentage composition of shear butter samples

The predominant unsaturated fatty acids in the
samples are the C18 family such as oleic acid C18: 9,
vaccenic acid (18:11), linoleic acid C18:2 and six, and
the gamma-linolenic acid C18: 5,8,11 as shown in
Figure 2. As presented in Table 3, NI1: Niger grey has
the highest percentage composition of 64.93%, followed
by AB2: Abuja white at 31.49%. This unsaturated C18
family can be converted to a saturated C18 family and
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hence they could be a good source for the production of
stearic acid. Also found in significant quantities in the
analyzed samples is Gondoic acid C20:11 and
palmitoleic acid C16:7 (Table 3). The result obtained in
this study is consistent with the report that the
predominant fatty acid in Shea butter are stearic and
oleic acid and it determines the consistency of the butter
and their end uses (Maranz et al., 2004).

M Oleic acid

M Vaccenic acid

® Linoleic acid
Gamma-Linolenic acid

® Gondonic acid

m Palmitoleic acid

KW1 KW2 NI1 NIZ NA

Figure 2: Unsaturated fatty acid percentage composition of shear butter samples
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IV. CONCLUSION

The physicochemical analyses of Shea butter

samples indicate that the samples may be graded into
the Grade 2 and 3 oils according to West African
regional standards and they are rich in unsaturated fatty
acids. The fatty acid profile of the samples indicated that
sample from Abuja, mainly the Abuja grey sample is
very rich in stearic acid composition, and samples from
Niger, especially the Niger white sample is rich in oleic
acid. The result indicates that the Shea butter samples
from the four states, and FCT, Nigeria, could be good
sources for producing Stearic acid.
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