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Abstract

This study considered the use of crude cellulase sourced locally to improve the yield of fat extracted from shea kernels. The enzyme was
produced by submerged fermentation using Aspergillus fumigatus with palm frond as carbon source. Shea fat was extracted with the aid of crude
enzyme (cellulase) and compared with fat extracted from shea kernels treated with water and fat extracted by solvent (n-hexane) extraction. The
crude cellulase was harvested on day four of fermentation which was the day of maximum cellulase activity. The protein concentration of the
crude cellulase was found to be 1.23mg/ml while the maximum activity of the crude enzyme was 0.27 U/mg. The extraction yields of fat were
47.67,41.37 and 43.37% respectively for enzyme assisted, water treated and solvent extraction. The physicochemical analysis showed that the
specific gravity, acid value, peroxide value, saponification value and iodine value of fat extracted by enzyme assisted extraction were 0.83,11.78
mg KOH/g, 5.05 me q/Kg, 174.19 mg KOH/g and 48.2612 g/100g respectively. Also, those for water treated were 0.85, 15.34 mg KOH/g, 6.41
me q/Kg, 176.39 mg KOH/g and 47.5512 g/100g respectively and 0.83, 10.51mg KOH/g, 5.25 me q/Kg, 170.82 mg KOH/g and 50.3012 g/100g
respectively for fat extracted by solvent extraction method. The colour of the extracted fat was yellow and was consistent in all the samples. This
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study suggests the possible use of crude cellulase from Aspergillus fumigatus for the extraction of shea fat.

Introduction

Globally, there has been an increase in the demand for
vegetable fats and oil [1]. This can be attributed to their increasing
relevance in commerce and nutrition where they serve as sources
of dietary energy, antioxidants and as raw materials for the
manufacture of industrial products especially food, cosmetics,
pharmaceuticals and chemicals [1]. A lot of vegetable oils are
available, example: palm oil, coconut oil, groundnut oil, rubber
seed oil, cotton seed oil, olive oil, soya bean oil, shea fat [2]. In
spite of this, there exist an imminent acute shortage of edible
and industrial oil due to the increasing demands for vegetable
fats and oil and a consequent pressure on the current amount
of vegetable oil produced. The exploration of unexploited and
underexploited oil-bearing seed like shea kernel to enhance its
oil/fat yield is an idea to be considered. Fat extracted from shea
(Vitellaria paradoxa) kernel has been found to have numerous
uses, some of which include; its use as cooking and frying fat,
Cocoa Butter Substitute (CBS) in chocolate and confectionary [3].
It is also used in the preparation of ointments for the treatment of
inflammations, rashes, ulcers, for wrinkles and dry skin, and also
for cosmetic moisturizing creams [4]. Other uses of the fat include

its use as an antiseptic for the treatment of wounds, as hair oil and
as rub for rheumatic pains [5].

Vegetable oils and fats are normally obtained from fruits, nuts
or seed kernel by extraction using mechanical press or solvent
extraction methods [6]. Considering the enormous potentials of
shea fat, and the long duration it takes for shea tree to begin pro-
duction of fruits of commercial quantities, which is about 20 to 50
years [3], the need for an efficient method of shea fat extraction
in terms of percentage yield and cost effectiveness cannot be over
emphasized. Pre-treatment of oil-bearing seed either physically
with heat or biochemically with enzymes such as cellulase which
as biocatalysts, have the potential to digest oil-shielding walls and
membranes in plant cells exposing the oil-bearing oleosomes [7]
to increase oil yield has been employed.

Enzyme-assisted oil extraction has been reported to show sig-
nificant effects on the yield [8-12]. Enzymes that have been used in
this technique include commercial enzymes (purified) and crude
enzymes. Examples of commercial enzymes which have been suc-
cessfully used for this purpose are cellulase, protease, glucanase,
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amylase, hemicellulases and pectinases [13-15]. The use of com-
mercial enzyme in oil extraction is however capital intensive due
to the high cost of commercial enzymes. In view of this, crude en-
zymes sourced from plants or microorganism may be considered.

Production of cellulase

Cellulase is an important extracellular microbial enzyme,
which hydrolyses cellulose an abundant biopolymer that consti-
tutes most of the plant cell wall [16]. Microorganisms, mostly fun-
gi which degrade cellulose for their growth while producing cellu-
lase are used for industrial production of various enzymes which
are utilized for industrial processes [17-20]. Agro waste such as
sugarcane, pineapple peels, rice straw, wheat bran, rice bran and
maize bran are used as substrate for microbial fermentation using
fungi [21]. Fungal genera like Trichoderma sp and Aspergillus sp
are taught to be the best cellulase producers and crude enzymes
produced by these microorganisms are commercially available
for agricultural use [22]. Cellulase in recent years has gained an
increased attention due to its potential applications in various in-
dustrial processes including; extraction of oil/fat, bioconversion
of hemicelluloses to sugars, ethanol and other useful substances,
clarification of juices and wines, improving the nutritional qual-
ity of silage and green-feed, deinking processes of waste paper,
pharmaceuticals, paper and pulp industry and agricultural-waste
treatment processes [16] (Tablel).

Table 1: Agro-industrial wastes as a carbon source in the production
of enzymes and other products of microbial origin. This study is aimed

at evaluating the efficiency of crude cellulase sourced from Aspergillus
fumigatus in the extraction of fat from shea (Vitellaria paradoxa) kernel.

Agro-mflustrl- Microorganism used Product Source

al residue
Corn cob Aspergillus fumigatus Cellulase -23

Grape marc Monascus purpureus B-glucosidase -24

. . Hydrolytic

Orange peel Aspergillus awamori enzymes 25
Rice bran Aspergillus fumigatus Cellulase -21
Pineapple Fungi Cellulase -26

waste
Materials and Methods

Biological Samples

Pure isolates of Aspergillus fumigatus stored on Agar slants
was obtained from the Department of Microbiology, University
of Nigeria Nsukka. Palm frond was sourced from Igogoro, Enu-
gu-Ezike, Enugu state. Shelled Shea kernels were obtained from
Wukari, Wukari local government Taraba state and identified by
Mr R. Agbu of the Department of Biology Federal University Wu-
kari.

Sample preparation

The palm fronds were sun-dried for fourteen days when a
constant weight was recorded. The sun-dried palm fronds were
pulverized using mortar and pestle after which it was filtered us-

ing a sieve to get fine powder. This was used as the sole carbon
source in the fermentation process. Shelled kernels were cracked
to get the kernels. The kernels were then sundried for several days
until a constant weight was observed. It was then pulverized using
mortar and pestle. The pulverized kernel was kept in a desiccator
until it was needed for analysis.

Experimental design

A mineral broth was prepared using palm frond as the sole
carbon source. The broth was inoculated with Aspergillus fumig-
atus suspension and allowed to ferment for days. A preliminary
study of the fermentation culture was carried out to ascertain
condition for optimal production of the enzyme. The crude cellu-
lase produced was harvested on the 4th day which was the day of
maximum cellulase activity. Fat was extracted by three different
ways: enzyme-assisted, water-treated and solvent extraction. A
quantity (50g) of the pulverized kernel was treated with 100ml
of crude cellulase in a beaker to enhance hydrolysis of oil bearing
oleosomes. The pH of the medium was adjusted to pH 5.5 using
acetate buffer. It was then thoroughly mixed for one hour and
incubated at 50 °C in a water bath for six hours. After six hours
of incubation, the treated sample was dried in an oven at 50 °C
till a constant weight was observed. The control which was treat-
ed with water in place of the enzyme was simultaneously set up
with the enzyme-treated sample following the same procedure as
in the enzyme-treated sample. Extraction was carried out using
Soxhlet extractor at 70 °C. N-hexane was used as the extraction
solvent. The extracted fats were then subjected to physicochem-
ical analysis.

Production of crude cellulase

Pure isolates of Aspergillus fumigatus from Agar slants were
sub-cultured on a Potato Dextrose Agar (PDA) for five days in an
incubator at 37 °C to obtain biomass sufficient for submerge fer-
mentation. Palm frond broth (100ml) was constituted by mixing
1g of magnesium sulphate heptahydrate (MgS0,.7H,0), 1g of po-
tassium dihydrogen phosphate (KH,PO,), 0.5g of sodium chloride
(NaCl), 0.5g of potassium chloride (KCl), 1g of sodium nitrate (Na-
,NO,) and 10g of pulverized palm frond. The volume was made up
to 100ml in an Erlenmeyer flask with distilled water. The same
procedure as in above was followed to make the broth in five 250
ml Erlenmeyer flasks. The palm frond broths were sterilized in
an autoclave at 120 °C for 15 min. and allowed to cool. They were
then inoculated with the Aspergillus fumigatus suspension (10 ml)
which was prepared by harvesting the spores of the fungi using
distilled water. The culture was incubated at 40 °C. Cell free su-
pernatant from the culture obtained by filtration was subjected to
protein concentration determination and cellulase assay daily in
order to determine the day of peak cellulase activity. The cultures
were harvested on the day of maximum cellulase activity. The cell
free supernatant was used as a source of enzyme hereafter re-
ferred to as crude enzyme (cellulase) [22-26].
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Determination of the protein concentration of the
crude enzyme

The protein concentration of the crude enzyme was deter-
mined by the method of Lowry, et al. [27]. An aliquot of solution
E (5 ml) (freshly prepared alkaline solution) was added to 0.5 ml
of crude enzyme solution in a test tube. The solution was mixed
thoroughly and allowed to stand for 10 min. After which 0.5ml
of solution C (Folin- Ciocalteau phenol reagent) was added. The
solution was mixed thoroughly and allowed to stand for 30min.
Absorbance of the solution was then read at 750 nm using a spec-
trophotometer. The protein concentration was obtained using a
calibration curve (plot of Absorbance versus protein concentra-
tion) made using Bovine Serum Albumin (BSA) as standard. The
analysis was done in triplicate.

Enzyme assay

The crude enzyme activity was assayed by the method of Man-
dels, et al. [28]. A filter paper strip (1x3cm) was inserted into a
test tube containing 1ml 0.05M sodium acetate buffer pH 5.5. An
aliquot of the crude enzyme solution (0.5ml) was then added and
mixed thoroughly. The mixture was incubated at 50 °C for 60 min.
in a water bath, after which the reaction was terminated by adding
1ml of 3,5-dinitrosalicylic acid. The solution was boiled for 10min.
and allowed to cool. It was then diluted with 1ml sodium potas-
sium tartrate (75g/ 125ml in distilled water). Absorbance of the
solution was read at 540nm against a blank using a spectropho-
tometer. The analysis was done in triplicate.

The cellulase activity was calculated using the formula:
0.37

Enzyme concentration to release 2mg glu cose

Filter Paper Unit (FPU)= Unit ml™"

Where,

0.37= Number of units contained in the estimated amount of
enzyme which releases 2.0mg of glucose in the FPU reaction.

1Unit ml* = Tpmol min* ml.

Extraction of oil

The IUPAC method (1979) was employed in the extraction of
the oil. The oil was extracted with a Soxhlet apparatus using ana-
lytical grade hexane (n-hexane) as the extraction solvent. The en-
zyme-treated, water-treated and untreated pulverized shea ker-
nel (50g) were separately packed into the thimble of the Soxhlet
apparatus and fitted to a round bottom flask containing 250ml
n-hexane. The apparatus was then mounted on a heating mantle
set at 70 °C for six hours for the extraction of the oil. At the com-
pletion of the extraction process, the oil was recovered from the
mixture by evaporating the residual extraction solvent in an oven
at 50 °C to a constant weight. The extracted oil was then stored in
a bottle and kept in the refrigerator for further analysis.

Percentage yield of the oil was calculated using the formula:

Mass of oil extracted <100
Mass of sample

% Oil yield =(

Determination of specific gravity

A 50ml specific gravity bottle was first washed with detergent
and rinsed with water. The bottle was dried in the oven at 50 °C,
allowed to cool and weighed empty. The bottle was then filled
with distilled water and the weight of the bottle and water noted.
After which the bottle was kept in the oven to dry. The bottle was
cooled and filled with shea butter sample. The weight was also
noted. The analysis was made in triplicate.

The specific gravity of the oil was calculated using the formu-

la: W - w
Specific gravity =—"——
pecific gravity AT

Where,

W = Weight of empty bottle (g), WO = Weight of the bottle and
oil content (g), W1 = Weight of bottle and water content (g).

Determination of acid value

Determination of acid value was done by the method of AOAC
[29]. Shea butter (5g) was weighed into a 250ml conical flask. This
was followed by the addition of 25ml of 0.5N absolute ethanol al-
cohol solution (prepared by mixing ethanol and diethyl ether in
the ratio of 1:1 v/v) and then 3drops of phenolphthalein was add-
ed. The solution was heated in a water bath at 650C for 10 min.
It was cooled after which it was titrated against 0.1N KOH until a
pink colour appeared. The volume of the KOH was recorded. The
analysis was carried out in triplicate.

The acid value was calculated using the formula:

Acid value (mg of KOH )= ml;/];i:h?lz; za];:;pje%

Where N = Normality of KOH

The percentage free fatty acid was calculated as:
% free fatty acid = Av x 0.503

Where Av= Acid value

Determination of saponification value

Approximately 2g of the melted shea fat was weighed into a
250ml conical flask. This was followed by the addition of 25ml of
alcoholic potassium hydroxide solution (0.5N). The flask was at-
tached to a reflux condenser and heated on a boiling water bath
for 1 hour with occasional shaking. While the solution was still
hot, 3 drops of phenolphthalein indicator was added. The excess
potassium hydroxide was titrated against 0.5N hydrochloric acid.
A colour less solution indicated the end point. The volume of the
hydrochloric acid used at end point was noted and represented as
S. A blank titration was also carried out and the Volume (ml) of the
hydrochloric acid used at end point was noted and represented as
B. [29]. The analysis was carried out in triplicates.

The saponification value was calculated using the formula:
B- S x 28.05 <100
Weight of sample

Saponification value = (
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Where, S = Volume of the hydrochloric acid used at end point
for oil sample

B = Volume of the hydrochloric acid used at end point for blank

Determination of peroxide value

Shea butter sample (2g) was weighed into a 500ml coni-
cal flask after which 10ml of chloroform was added and stirred
to dissolve the sample. Acetic acid (15ml) was then added. This
was followed by the addition of 1ml of freshly prepared saturated
potassium iodide solution. The flask was closed immediately and
stirred for 1minute after which it was kept for exactly 5min. in
the dark at room temperature. An aliquot of distilled water (75ml)
was added and the solution was shaken vigorously. Few drops of
starch solution were added as indicator. The liberated iodine was
then titrated against 0.01N sodium thiosulphate solution. A blank
test was done following the same procedure but omitting test
sample [29]. The analysis was carried out in triplicate.

The peroxide value was calculated using the formula:
Titrex N x100
Weight of sample ( g)

Peroxide value =
Where,
Titre = ml of sodium thiosulphate used (blank corrected)

N = Normality of sodium thiosulphate solution

Determination of iodine value

lodine value was determined by the Hanus method [30]. The
hanus iodine reagent was prepared by dissolving iodine (13.2g)
in glacial acetic acid (1L) with the help of heat. The solution was
cooled, and 3 ml of bromine added. The hanus iodine reagent was
then kept in a brown bottle until the analysis was complete. Shea
butter (2g) was weighed into a 500ml conical flask and 10ml of
chloroform added. By use of a pipette 25ml of hanus iodine was
added and left to stand in the dark for 30min. with occasional
shaking. After which 15% potassium iodide was added and shak-
en thoroughly. Distilled water (100ml) was then used to rinse
down any iodine on the stopper. The solution was titrated with
0.1N sodium thiosulphate until the yellow solution turned almost
colorless. Three drops of starch indicator (1%) was added to-
wards and the solution turned blue. The titration was continued
until the blue colour turned colorless. A blank determination was
done by following the same procedure as above but replacing the
test sample with distilled water. The analysis was done in tripli-
cate.

The iodine number was calculated using the formula:

(B = 8) x 0.1x 0.12.69
x100
Weight of sample (g)

lodine value = [

S = Volume (ml) of Na,S,0, at end point for oil sample

B = Volume (ml) of Na,S,0, at end point for blank

Statistical analysis

Data obtained from this study were analyzed using the statis-
tical package for social scientists (SPSS) version 20 for windows.
Analysis of variance (ANOVA) was used to compare means. Values
were considered statistically significant at p < 0.05. Results were
reported as mean * SD of triplicate values.

Results

Production of crude cellulase

Protein concentration of the crude enzyme
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Figure 1: Changes in protein concentration of the crude cellulase
produced from Aspergillus fumigatus with fermentation time.
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Figure 1 shows the changes in protein concentration of the
crude cellulase produced from Aspergillus fumigatus with fer-
mentation time. An increase in protein concentration of the crude
cellulase was recorded on the 2nd day. Maximum protein concen-
tration 1.23 mg/ml was obtained on the 4" day beyond which a
steady drop in protein concentration was observed (Figure 1).

Cellulase activity of the crude enzyme
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Figure 2: Changes in cellulase activity of crude enzyme
produced from Aspergillus fumigatus with fermentation time.
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Figure 2 shows changes in cellulase activity of crude enzyme
produced from Aspergillus fumigatus with fermentation time.
There was no traceable cellulase activity at the time of inocula-
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tion. Cellulase activity increased to 0.21 U/ml on the second day
and continued to rise until it reached its peak on the 4th day. A
steady drop in activity was noticed from the 5th day (Figure 2).
Percentage oil yield of crude shea fat extracted by dif-
ferent methods

Table 2: The percentage yield of crude shea fat extracted by different
methods.

Extraction method percentage oil yield

Enzyme-assisted extraction 47.67+0.01a
Solvent extraction 43.37+0.01b
Control (treated with water) 41.37+0.01c

The percentage yield of the crude shea fat extracted by differ-
ent methods is shown in Table 2 below. The result shows that fat
extracted with the aid of enzyme had the highest yield when com-
pared with fat extracted from water-treated kernels and solvent
extracted fat (Table 2).

Physicochemical analysis of the extracted shea fat

Table 3: Physical properties of the extracted fat.

Enz;_rme-as- Solvent ex- Control (treat-
sisted
Parameter tracted ed
extracted shea .
shea fat with water)
fat
Specific gravity 0.83+0.01a 0.85+0.01a 0.83+0.01a
Colour Yellow Yellow Yellow

Values are means of triplicate with + standard deviation. Different su-
perscript; a, b or ¢ implies a significant difference between means at p
< 0.05. Means with the same superscript are not significantly different

p > 0.05.

Physical properties of the extracted shea fat: The physical
properties of the crude fat extracted by different methods of ex-
traction are shown in Table 3. There was no significant difference
p > 0.05 in specific gravity between fats extracted by the different
methods of extraction. The colour was yellow and was consistent
in all the samples (Table 3).

Chemical properties of the extracted shea fat

Table 4: Result of chemical properties of the extracted shea butter.

Enzvme-as- Solvent ex- Control (treat-
Parameter s}i’ste d tracted ed
shea fat with water)
Saponification | 17 19, 0440 | 170.82:0.17b | 176.39%0.08¢
value
Acid Value 11.78+ 0.12a 10.51+£ 0.21b 15.34+ 0.13c
0,
voFreefatty | 5854 0.05a 5.25+ 0.10b 7.67+ 0.07¢
Acid
Iodine Value 48.26+ 0.54a 50.30+ 0.22a 47.55+0.17b
Peroxide Value 5.05+0.07a 4.35+0.18b 6.41+0.01c

Values are means of triplicate with + standard deviation. Different su-
perscript; a, b or ¢ implies a significant difference between means at p
< 0.05. Means with the same superscript are not significantly different

p >0.05..

Table 4 shows the comparison of chemical properties of shea
fat extracted by enzyme-assisted extraction, solvent extraction
and control (treated with water). The result of the physicochemi-
cal studies show that there was a significant (p < 0.05) difference
in all the chemical properties except for the iodine values of fat
obtained by enzyme-assisted extraction and solvent extraction
method which were found to have a non-significant (p > 0.05) dif-
ference (Table 4).

Discussion

This study considered the use of crude cellulase sourced local-
ly to improve the yield of fat extracted from shea kernels. The en-
zyme was produced by submerged fermentation using Aspergillus
fumigatus with palm frond as carbon source. The physicochemical
analysis of the extracted oil was done to ascertain the quality of
the oil. Crude cellulase was harvested on the 4" day of the fer-
mentation period which was the day of maximum cellulase activ-
ity. The crude enzyme had a protein concentration of 1.23 mg/ml
with an activity of 0.27 U/ml. This compares well with the work
of Okoye et al. [23] who used Aspergillus fumigatus and Corn cob
in the production of cellulase. The result also compares favorably
with the study carried out by Khan and Singh [31] who reported
a cellulase activity of 0.024 U/ml using corn cob, 0.02 U/ml using
newspaper and 0.018 U/ml using saw dust used. Shobana and Ma-
heswari [21] however reported higher cellulase activity with op-
timized conditions for fermentation and partial purification of the
crude enzyme. They reported 0.96 U/ml, 0.54 U/ml and 0.51U/
ml for rice bran, wheat bran and coconut coir pith respectively. It
can be deduced from this studies that the source of enzyme and
the optimization of enzyme production procedures for example
purification of the enzyme could be a reason for the variation in
the quality of enzyme produced. Cellulase produced from Asper-
gillus fumigatus using palm frond can however be considered in
the production of cellulase for use in industrial processes such as
enzyme-assisted extraction of oil.

Fat extracted by the method of enzyme-assisted extraction
had the highest yield; 47.67 % achieving a 4% increase in com-
parison with fat extracted by solvent extraction and a 6% increase
when compared with the control (treated with water). This com-
pares favorably with the work of Otu et al. [15] who reported a 4%
increase from 40 to 44% using crude pectinase. The result also
compares well with the works of Maranz et al. [32]; Ofosu et al.
[33]; Ononogbu [34] who reported values ranging from 33 to 55%
for shea butter extracted by the method of solvent extraction. Ikya
et al. [35] reported lower values 34.1% for shea butter extracted
by traditional method of extraction. Tano-Debrah and Ohta [36]
and Otu et al. [15] however reported higher yields; 72-74% using
different combinations of purified enzyme. The higher yield of oil
with enzyme-treatment may be attributed to enzymatic hydroly-
sis of the cellulose cell wall of the oil-bearing seed by cellulase [7].

Purification of the enzyme, enzyme combinations and optimi-
zation of extraction conditions will likely increase the percentage
yield of oil recovery by this method [15,36,37]. The specific gravi-
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ty of the oil extracted with the aid of enzyme is comparable to 0.86
reported by Munir, et al. [38]. Values (0.9674) reported by Njoku,
et al. [39] were however found to be slightly higher than those
reported in this study. The specific gravity of the oil in this study
varies slightly from that of oils from other seeds. Asuquo, et al. [1]
reported 0.92 for rubber seed oil while Njoku and Ugwuanyi [40],
reported 0.9 for dika fat. Statistical analysis of the values obtained
for extracted fats shows that there was no significant difference p
> 0.05 in the specific gravity of fat extracted by enzyme-assisted,
water-treated and solvent extraction. The colour of the extracted
fat was yellow and was consistent in the all samples. This agrees
with the report of Okezie [41] & Omujal [42]. The result of the co-
lour alongside the specific gravity indicates that the fat extracted
in this study is unadulterated shea fat.

The acid value of the enzyme-assisted extracted fat compares
well with 6.97-15.35 reported by Abdulai, et al. [43]. It also falls
within the range of values: 2.30-12.59 reported by Omujal [42],
Okezie [41] however reported a lower value (1.96). The result of
the free fatty acid compares well with 7.72 reported by Out, et al.
[15] but higher than 0.77 reported by Njoku, et al. [39]. Acid val-
ues of fat extracted by enzyme-assisted, water-treated and solvent
extraction were found to be significantly different p < 0.05. Vari-
ation in these values may have resulted from the extraction pro-
cedures [44]. Higher acid values obtained for water-treated and
enzyme-treated extracted fat may be attributed to hydrolysis due
to water and enzyme activity. Shea fat with acid value as reported
in this study can be used in the production of soap and can also be
refined for use in the food industry [38].

The saponification value of the enzyme-assisted extracted fat
compares well with 145-192 reported by Omujal [42] and 168-
176 by Okezie [41] but slightly lower in comparison with 186.64
reported by Njoku, et al. [39]. The saponification value of the ex-
tracted fats showed a significant difference p < 0.05 between the
fats extracted by the different methods. Variation in the saponi-
fication value may be attributed to the hydrolysis of fat induced
by water and enzyme activity. The saponification value of the
extracted fat compares well with that of Dennettia tripatala fruit
(Pepper fruit) oil (159.33+£1-20) which was reported by Nwinuka
& Nwiloh [45] to be suitable for soap making. The fat extracted by
the method employed in this study is therefore suitable for soap
making, for making of shampoos and lather shaving creams [46].

The peroxide value obtained in this study compares well with
5.33 reported by Otu et al. [15] & 6.35-9.49 reported by Abdu-
lai, et al. [43] Olaniyan & Oje, et al. [4] however reported higher
values 22.1 - 44.9. Low peroxide values reported in this study is
an indication of low levels of oxidative rancidity and the presence
of antioxidants. The fats extracted in this study showed a signifi-
cant difference p < 0.05 in the peroxide values of fat extracted by
enzyme-assisted, water-treated and solvent extraction. Variations
in the peroxide values of the fats may be attributed to extraction
procedures [44].

Higher values recorded for enzyme and water-treated extract-
ed fats may be attributed to hydrolysis of the fats due to water and
enzyme activities. The iodine value obtained for enzyme-assist-
ed extracted shea fat is comparable to 53.20 and 49.43 obtained
by Adamu, et al. [47] & Bukar, et al. [48] respectively. The iodine
value of shea butter was found to be lower when compared with
that of bread fruit (164.97), melon seed oil (126.90), soybeans oil
(123.0), coconut oil (134.51) [49]. There was no significant dif-
ference p > 0.05 between fats extracted by enzyme-assisted and
water-treated extraction. Fats with lodine value within the range
obtained in this study that is, less than 100 are termed as non-dry-
ing [50] and could be used in the manufacture of lubricants and
hydraulic brake fluids [49].

Conclusion

This study has shown the possible use of crude cellulase
produced from Aspergillus fumigatus and palm frond to improve
the percentage yield of oil extraction from shea Kkernels.
Treatment with crude enzyme (cellulase) gave a higher oil yield
when compared with the fat extracted without the aid of enzyme.
This method of oil extraction compares well with conventional
methods of oil extraction. Although there were variations in some
of the physicochemical properties, values were either slightly
above or slightly below, indicating that the use of crude enzyme to
assist extraction of oil does not have very significant effects on the
quality of the oil. The quality of crude enzyme-assisted extracted
fat can be increased by optimizing the extraction conditions.
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