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Abstract 
The baobab, Adansonia digitata L., plays an important role in the economy of 
local populations. Nowadays, baobab seed oil is highly prized for its many 
cosmetic and therapeutic applications, and for its composition of unsaturated 
fatty acids, sterols, and tocopherols. However, it undergoes numerous reac-
tions during production, processing, transport, and storage, leading to unde-
sirable products that make it unstable. The aim of this study was to provide 
local processors with innovative solutions for the treatment of unrefined veg-
etable oils. To this end, an experimental device for filtering crude oil on acti-
vated carbon made from fruit capsules was designed. The results obtained af-
ter the treatment show a significant decrease at (p < 5%) in acid value (1.62 to 
0.58 mg KOH/g), peroxide value (4.40a to 0.50c mEqO2/Kg), chlorophyll 
concentration (1.81 to 0.50 mg/Kg) and primary and secondary oxidation 
products. According to these results, activated carbon’s adsorptive power 
eliminates oxidation products and certain pro-oxidants such as chlorophyll, 
resulting in a cleaner, more stable and better storable oil.  
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1. Introduction 

The baobab (Adansonia digitata L.) is a massive tree that is widespread in Se-
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negal and Africa. It belongs to the Bombacaceae family, order Malvales [1] [2] 
and plays an important social, economic and environmental role [3]. The leaves 
and pulp of the baobab fruit are used as food, while the roots, stems and bark are 
used in traditional medicine [4] [5]. The seeds, which represent more than half 
of the dehusked fruit, are underexploited compared with the pulp [1]. Today, the 
baobab is of particular economic interest due to its rare and precious seed oil [6] 
[7]. Indeed, baobab seed oil is highly sought after by the cosmetics and pharma-
ceutical industries because of its composition [6] [8]. According to Vermaak et 
al. 2011, [9] this oil is composed of saturated fatty acids (33%), monounsaturated 
fatty acids (36%) and polyunsaturated fatty acids (31%). They also point out that 
baobab oil contains phytosterols such as β-sitosterol, campesterol and stigmas-
terol. Other authors have reported the presence of vitamins A, D, E and K in 
baobab oil [10] [11]. Cyclopropenic acids are also present. Finally, the seeds are 
also rich in sodium, phosphorus, and magnesium [5] [12]. 

However, like all unsaturated vegetable oils, baobab oil is sensitive and sub-
ject to various degradation reactions during the various stages of production, 
processing, and storage [7]. Indeed, crude baobab oil, after press extraction, is very 
cloudy due to the presence of impurities and suspended particles [13]. In addi-
tion, the operating conditions of pressing, light, heat and oxygen in the air, trig-
ger alteration reactions that are sometimes irreversible [13]. These reactions lead 
to oil degradation. 

The aim of this study is to provide small and medium-sized local businesses 
with innovative and effective solutions for processing unfloured crude vegetable 
oils. In fact, in these local processing units, the crude oil obtained is only filtered 
using special filter cloths after decantation. The oxidation products formed by 
the oil’s initial alteration and degradation reactions are not eliminated, thereby 
accelerating the oil’s deterioration. In addition, the sensory quality of artisanally 
extracted vegetable oils remains poor. This is why we have undertaken laborato-
ry trials to treat raw baobab oil using activated carbon made from baobab fruit 
capsules, which are generally discarded in the forest [14]. An experimental de-
vice consisting of a glass column, an activated carbon filter bed, a sand bed to 
remove suspended particles, and a vacuum pump was designed for this purpose. 
After filtration on the activated carbon, chemical analyses were carried out to 
assess its effect on the stability and quality of the treated baobab oil. 

2. Materials and Methods 
2.1. Collection and Preparation of Plant Material 

The plant material consists of capsules and seeds from the fruit of baobab (Adan-
sonia digitata L.), dehusked and pulped. Fruits were collected at random in the 
commune of Sindian, Bignona Department, Ziguinchor region, Senegal (latitude: 
12˚57'47'' North; longitude: 16˚10'55'' West). 

The baobab fruits are first shelled, and the various components separated 
(Figure 1). Initially, the seeds are covered by a whitish pulp. The seeds are  
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Figure 1. Whole fruit (b), open fruit (b), pulp-enveloped seeds (c), pulp-free seeds (d), 
crushed seeds (e) and crushed seed kernel (f) of baobab fruit (Adansonia digitata L.). 
 
separated from the pulp using the dry method. First, the pulp-coated seeds are 
sun-dried and then pulped using a 316 N stainless steel pulping machine fitted 
with a 150 µm sieve. This is followed by coarse sieving to separate the pulp from 
the seeds. The latter are ground in a millet mill with a capacity of 300 to 350 
kg∙h−1 and an estimated electric motor power of 7.5 HP, fitted with sieves with 02 
mm diameter holes and a speed of 2800 rpm. The ground material is collected in 
a recipient. 

The shells collected were washed thoroughly with water, then sun-dried for 3 
days. They were then crushed in a mortar and dried under study at 105˚C for 24 
hours. They were ground using a HAEGER-type blender, Model No. HG-2801, 
made in P.R.C. Finally, the crushed material was sieved through a 0.400 mm 
diameter sieve. The biomass thus obtained is used to produce activated carbon. 
Figure 2 shows the various stages in the preparation of baobab fruit capsules. 

2.2. Production of Baobab Oil 

The baobab seed kernel powder is pressed using a KOMET type DD85G press 
(IBG Monforts Ockotec GmbH, Germany). This press is fitted with a 10 mm die 
at a rotation speed of 25 rpm. The outlet head was heated to 105˚C for 25 min at 
the start of extraction. As a result, the crude oil obtained is very cloudy and 
mixed with impurities. It was therefore left to settle for several days. Part of the 
oil is pressure-filtered using filters fitted with special cloths, while the remainder 
is used for activated carbon treatment tests. 

2.3. Preparing and Activating Sand 

The sand used was dune sand from the region of Dakar, Senegal (latitude: 
14˚41'31'' North; longitude: 17˚26'51'' West). A 10 kg mass of dune sand was taken, 
cleaned to remove impurities and sieved on a 0.400 mm sieve, to homogenise 
particle size. Activation with sulphuric acid was performed according to, the 
method written by Abdelkader Ouakouak, (2017) [15]. 

Next, 2 Kg of dune sand was mixed with 2 Kg of 0.1 M sulphuric acid. The 
mixture was stirred for 1 h. Excess acid was neutralised with 0.2 M sodium hy-
droxide. The sand is then rinsed several times with distilled water to bring the 
pH down to between 6.5 and 7.5, and oven-dried at 105˚C for 24 h. The pre-
pared sand is then placed in a hermetically sealed jar until the baobab crude oil 
processing trials (Figure 3(b)). 

https://doi.org/10.4236/msce.2024.121006


E. M. Ndiaye et al. 
 

 

DOI: 10.4236/msce.2024.121006 72 Journal of Materials Science and Chemical Engineering 
 

 

Figure 2. Whole fruit (a), open fruit (b), crushed hulls (c) and ground hulls (d) of baobab 
fruit (Adansonia digitata L.). 
 

 

Figure 3. Activated charcoal from baobab fruit shells (a), activated dune sand (b). 

2.4. Preparation of Activated Charcoal 

The biomass thus obtained was chemically pre-treated with H3PO3 orthophos-
phoric acid (85%) before being carbonised in the furnace according to, the me-
thod described by Maazou et al., (2017) [16]. 

After steaming at 105˚C, 150 g of the raw material is brought into contact with 
300 g of the acid under stirring (1 h). The resulting mixture is oven-dried at 
120˚C for 6 h [17], and then stored in hermetically sealed bottles in the dark un-
til the carbonization tests. 

Pyrolysis was carried out in a tube furnace (Eraly) which was preheated to 
530˚C before the start of the experiment, to achieve a steady state temperature. 
After impregnation, the mixture was fired for 2 hours. The resulting coals were 
first cooled in the furnace and then in a desiccator. 

Next, to remove any carbonization residues, the activated carbons are washed 
in 0.1 M hydrochloric acid and/or sodium hydroxide solutions, then rinsed tho-
roughly with distilled water to achieve a pH of between 6.5 and 7. The washed 
and rinsed carbons are oven-dried at 105˚C for 24 hours, then cooled and stored 
in hermetically sealed jars until the filtration tests (Figure 3(a)). 

2.5. Analytical Methods  

Acid and peroxide values, carotenoid and chlorophyll composition and extinc-
tion coefficients (K232 and K270) were determined in order to assess the impact of 
activated carbon filtration on the stability of treated baobab oil. French stan-
dards [18] were used to determine peroxide and acid values respectively. The 
chlorophyll and carotenoid contents of baobab oil were determined by UV spec-
trophotometer measurement using the method described by [19]. Absorbances 
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were measured using a spectrophotometer (UV/VIS type LLG-uniSPEC 2) at 
wavelengths of 232 and 270 nm. 

2.5.1. Acid Value (AV) 
It consists in neutralising the free fatty acids present in an oil with an alcoholic 
solution of potassium hydroxide [18]. 

To the nearest 0.01 g, 5 g of oil is weighed into a 250 mL flask, into which 50 
mL of ethanol (95%) is added. The mixture is then heated gently to near boiling 
point. In the presence of phenolphthalein, titrate with ethanolic potassium hy-
droxide solution (KOH 0.1 N) until the color indicator turns pink (a persistent 
pink color lasting at least 10 seconds, marking the end of the determination). 

Taking into account that 1 mL of normal potassium hydroxide solution cor-
responds to 56.1 mg potassium, the acid value (mg KOH/g oil) is equal to: 

 
56.1V N

E
× ×

=Av  (1) 

V, is the volume (ml) of the ethanolic potassium hydroxide solution (0.1 N) 
used and E, the mass in grams (g) of the test sample. 

2.5.2. Peroxide Value (PV) 
The test sample, dissolved in acetic acid and chloroform, is treated with a potas-
sium iodide solution [18]. The iodine released is titrated with a solution of so-
dium thiosulfate (0.01 N).  

In a 500 mL flask, 2.0 g of baobab oil is weighed, dissolved in 10 mL of chlo-
roform, 15 mL of acetic acid and 1 mL of saturated potassium iodide solution. 
The flask is then stoppered, the mixture stirred for one (01) minute and placed 
in a dark place for five (05) minutes. After this time, 75 mL of distilled water is 
added and titrated in the presence of starch employments by shaking vigorously. 
At the same time, the fat-free blank test is carried out.  

The peroxide value, expressed in micrograms of active oxygen per gram 
(mEqO2∙Kg−1), is calibrated at: 

 ( ) 0.01
1000

V Vb
E

− ×
= ×Pv  (2) 

where V, is the volume of sodium thiosulfate solution used for the test. Vb, blank 
volume and E, test sample mass in grams. 

2.5.3. Determination of Chlorophylls and Carotenoids 
The chlorophyll and carotenoid contents of baobab oil were determined by UV 
spectrophotometer measurement using the method described by Gharby et al., 
(2018) [19]. 

The oil sample to be analysed was prepared at 1% in cyclohexane. Next, 1 cm 
quartz cuvettes are filled with the prepared solution. The blank contains only 
cyclohexane. Absorbances are measured using a spectrophotometer at wave-
lengths of 670 nm for chlorophylls and 470 nm for carotenoids. The specific ex-
tinction coefficients are 613 and 2000 respectively for pheophytin (the main 
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component of the chlorophyll fraction) and lutein (the main component of the 
carotenoid fraction). The pigment content is determined as follows: 

 ( )mgChlorophille Abs670
kg

106 613 100 d 
=  ∗ ∗


∗


 (3) 

 ( )Abs470 106 20mgCarotenoi 00s 0d 0
K

1e
g

d 
  = ∗ ∗


∗


 (4) 

where Abs, is the absorbance; d, is the spectrophotometer cell thickness (1 cm). 
Results are expressed in milligrams of pheophytin and lutein per kilogram of oil, 
respectively. 

2.5.4. Determination of Absorbance 
Oxidation products of unsaturated fatty acids, when they have a conjugated di-
ene structure for example (linoleic hydroperoxide), absorb at around 232 nm. 
Secondary oxidation products absorb at around 270 nm. Consequently, the de-
termination of the absorbance in the vicinity of 232 and 270 nm enables the de-
tection and evaluation of primary and secondary oxidation products [20]. To 
this end, 0.10 g to the nearest 0.0001 of baobab oil is weighed into a 25 mL flask 
and dissolved with cyclohexane, topping up to the mark. Next, 1 cm quartz cu-
vettes are filled with the prepared solution. The blank contains only cyclohexane. 
Absorbances are measured using a spectrophotometer at wavelengths 232 and 
270 nm. 

2.6. Presentation of the Experimental Set-Up 

The experimental set-up consists of a glass column, 80 cm long and with an in-
ternal diameter of 2.5 cm, suspended from a gallows. The column is sealed with 
a stopper fitted with a small number of holes. The column is connected to a 1 L 
Büchner Erlenmeyer flask and a Vacuum MZ 2 NT, 7.0 mbar vacuum pump. To 
prevent the passage of particles into the filtrate, a layer of cotton was inserted in 
the lower part of the column (Figure 4). 

Filtration is facilitated by the action of the vacuum pump. Thus, during the 
experiments, a sand bed with a thickness of 15 cm was used. In fact, according to 
studies carried out by Thiam lira, (2018) [21], the optimal thickness for effective 
treatment of crude groundnut oil was between 15 cm and 20 cm. 

In the course of this study, the effectiveness of filtration with activated carbon 
or filter cloths on the chemical composition of baobab oil will be evaluated. 
Firstly, the role of sand in the experimental set-up will be assessed. Secondly, 
chemical characteristics such as acid value, peroxide value, carotenoid, chloro-
phyll, primary and secondary oxidation product composition will be determined 
for each treated oil. The comparison of the results obtained will enable alterna-
tive solutions to be proposed to the processing units, in order to improve the 
production conditions for vegetable oils in Senegal in general, and baobab oil in 
particular. 
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Figure 4. Experimental filtration system for baobab (Adansonia digitata L.) crude oil. 
Glass column (a); baobab oil (b), activated sand (c), activated charcoal (d), stem (e), 
Büchner Erlenmeyer (f), vacuum pump (g). 

2.7. Statistical Analysis 

One-way analysis of variance and Fischer’s LSD test at the 5% significance level 
were used to compare means. The results obtained represent the average of three 
analyses, using STATISTICA (version 16.2.04) and RStudio (version 4.4.2) soft-
ware. 

3. Results and Discussion 

To assess the impact of the treatment process on the oil stability, analyses were 
carried out after each filtration. 

3.1. Initial Characteristics of Baobab Crude Oil 

Immediate analysis of the crude baobab oil was carried out after extraction and 
decantation. The results are shown in Table 1. 

Acid and peroxide values, chlorophyll and carotenoid composition, and oxi-
dation product composition are parameters that characterise the stability and 
quality of vegetable oils [7] [22] [23]. The acid and peroxide values obtained 
were 1.62 mg KOH g−1 and 4.40 mEqO2∙Kg−1 respectively. These acid and pe-
roxide values are considerably higher than those found by Ndiaye et al. (2022). 
Indeed, the authors had found values for baobab oil corresponding to 0.5 mg 
KOH g−1 for the acid and 0.5 mEqO2∙Kg−1 for the peroxide value. This difference 
would be reflected in a slight oxidation of the oil and low hydrolysis of triglyce-
rides [23]. Carotenoid composition was 0.68 mg∙kg−1 versus 1.81 mg∙kg−1 for 
chlorophyll. Finally, primary oxidation products (K232 nm; 1.09) of crude baobab 
seed oil were higher than secondary oxidation products (K270 nm; 0.08). 
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Table 1. Physico-chemical characteristics of baobab oil. 

Characteristics Crude oil Oil filtered on sand 

Acid value (mg KOH g−1) 1.62a ± 0.16 1.33c ± 0.10 

Peroxide value (mEqO2∙Kg−1) 4.40a ± 0.33 3.46b ± 0.24 

Chlorophyll (mg∙kg−1) 1.81a ± 0.26 1.62ab ± 0.09 

Carotenoids (mg∙kg−1) 0.68a ± 0.09 0.62a ± 0.01 

k232 nm 1.09a ± 0.02 0.84b ± 0.01 

k270 nm 0.08a ± 0.01 0.74ab ± 0.01 

Results are expressed as average ± standard deviation (n = 3); values with same super-
script letters within the rows do not differ significantly (p < 0.05). 

3.2. Evaluation of the Effect of Sand on the Efficiency of the  
Filtration Process 

To assess the effect of sand on the chemical composition of processed baobab 
oil, the crude oil was filtered over activated sand. The filtrate obtained was ana-
lysed and the results reported in Table 1. 

Analysis of the results obtained enabled us to assess the influence of sand use 
on our experimental set-up. The results presented in Table 1 show that sand fil-
tration has no major effect on the composition of carotenoids, chlorophyll and 
primary and secondary oxidation compounds. Indeed, we noted a decrease in 
the pigment content of the filtered oil. However, no significant difference at the 
5% threshold was observed. This was confirmed by visual analysis, which 
showed no difference in color between the crude oil and that filtered on acti-
vated sand. However, there was a slight decrease in the free acidity and peroxides 
present in the oil. As the oil sample passed over the sand bed, larger particles 
(>0.4 mm) were retained between the interstices. Particle adhesion to the surface 
of the filter material is favored by the low flow velocity [13] [21]. According to 
the results obtained, sand filtration has no major effect on the stability of the 
treated oil. The use of sand in our system was to retain particles in suspension. 

3.3. Evaluation of the Effect of Processing on the Chemical  
Characteristics of Baobab (Adansonia digitata L.) Oil 

Table 2 shows the results of the parameters analysed after filtration of baobab 
crude oil on filter cloths and activated carbon. To get an idea of the effect of the 
activated carbon mass on the oil treatment efficiency, two ratios, 3% and 5% 
(carbon mass to treated crude oil mass) were used. Analysis of variance at the 
5% level enabled us to compare the different filtration techniques used. 

The crude oil obtained after extraction was filtered at the production unit on 
filter cloths and in the laboratory using the experimental set-up (Figure 4) on 
activated carbon from baobab shells in the presence of treated dune sand. The 
results of the post-treatment analyses are given in Table 2. 

https://doi.org/10.4236/msce.2024.121006


E. M. Ndiaye et al. 
 

 

DOI: 10.4236/msce.2024.121006 77 Journal of Materials Science and Chemical Engineering 
 

Table 2. Chemical characteristics of baobab crude oil filtered on activated carbon and fil-
ter cloths. 

Caractéristiques Crude oil 

Oil filtered 

On canvas 
On activated 
carbon (3%) 

On activated 
carbon (5%) 

Acid value (mg KOH g−1) 1.62a ± 0.16 3.05b ± 0.03 0.71de ± 0.06 0.58e ± 0.03 

Peroxide value (mEqO2∙Kg−1) 4.40a ± 0.33 3.98ab ± 0.21 0.74c ± 0.00 0.50c ± 0.25 

Chlorophyll (mg∙kg−1) 1.81ab ± 0.26 1.62ab ± 0.09 0.63cd ± 0.01 0.50e ± 0.18 

Carotenoids (mg∙kg−1) 0.68a ± 0.09 0.62a ± 0.01 0.62a ± 0.12 0.43ab ± 0.09 

k232 nm 1.09a ± 0.02 0.84b ± 0.01 0.078c ± 0.01 0.29d ± 0.03 

k270 nm 0.08a ± 0.01 0.74ab ± 0.01 0.48d ± 0.01 0.32c ± 0.01 

Results are expressed as average ± standard deviation (n = 3); values with same super-
script letters within the rows do not differ significantly (p < 0.05). 
 

Firstly, this analysis showed that the acid value of the oil had increased signif-
icantly from 1.62a to 3.05b after filtration on cloths. This increase could be ex-
plained by the operating conditions in the processing unit. During filtration, the 
settled crude oil is placed in barrels exposed to light and oxygen from the air. 
The latter are pro-oxidants and could trigger or accelerate oil degradation reac-
tions. In the case of activated carbon-filtered oil, statistical analysis revealed a 
significant reduction in acid number, regardless of the percentage of activated 
carbon used (0.71e mg KOH g−1 with 3% vs. 0.58e mg KOH g−1 with 5%). The 
peroxide value of the crude oil was 4.40a mEqO2∙Kg−1. After filtration on filter 
cloths, it remained almost the same (3.98ab mEqO2∙Kg−1). On the other hand, that 
filtered on activated carbon had decreased significantly from 4.40a to 0.74c mE-
qO2∙Kg−1 with 3% activated carbon and to 0.50a mEqO2∙Kg−1 with 5% activated 
carbon. 

Next, UV spectrophotometer analysis in cyclohexane at 670 and 470 nm de-
termined the chlorophyll and carotenoid composition of the treated oil. Chlo-
rophyll composition decreased significantly with charcoal mass. The crude oil 
had an initial chlorophyll concentration of 1.81 mg∙kg−1. After filtration on acti-
vated carbon, this concentration fell to 0.63 mg∙kg−1 with 3% activated carbon 
and to 0.50 mg∙kg−1 with 5% activated carbon. On the other hand, although ca-
rotenoid concentration decreased from 0.68a mg∙kg−1 to 0.62a and 0.43a for oil 
samples treated with filter cloths and activated carbon, the analysis of variance 
revealed no significant difference at the 5% threshold. These minor compounds 
confer organoleptic and nutritional qualities to vegetable oils [13]. In addition, 
these compounds have a significant effect on the stability of this product during 
storage. Indeed, carotenoids, in particular the carotene pigment, are known to 
deactivate singlet oxygen produced by chlorophyll derivatives under the effect of 
radiation [24]. Carotene pigments are therefore considered to be among the 
most effective inhibitors of photo-oxidation [24]. Thus, a considerable decrease 
in carotenoid levels could be accompanied by an increase in oxidation by-products. 
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However, the considerable reduction in chlorophyll levels in our treated samples 
is beneficial for baobab oil, as chlorophylls are pigments that must be eliminated, 
or at least their concentration controlled, due to their negative effect on the sta-
bility of vegetable oils, particularly on oxidation. Several studies have demon-
strated the peroxidizing power of these chlorophyll pigments when the oil is ex-
posed to light, and their antioxidant action in the dark [24]. Chlorophylls a and 
b and their immediate degradation products, pheophytins a and b, are photo-
sensitizers. In the presence of light, they change from their fundamental singlet 
state to an excited singlet state and then to a triple excited (metastable) state. 
These pigments tend to return to their singlet ground state by transforming at-
mospheric oxygen (3O2) into highly reactive singlet oxygen (1O2) [24]. 

Lastly, extinction coefficients at 232 and 270 nm give us an idea of the oxida-
tion state of fats. The higher the extinction, the richer the oil is in oxidation 
products, and the less stable it is. Measurement of these specific extinction coef-
ficients is suitable for determining oil quality [25]. The extinction coefficients 
K232 and K270 nm decreased significantly for the activated carbon process. On the 
other hand, there was a slight decrease with cloth filtration. This reduction in the 
concentration of primary and secondary oxidation products could be correlated 
with the reduction in oxidation and hydrolysis products in the oil.  

Activated carbons are adsorbents, unlike cloth filters. The significant reduc-
tion in oxidation and rancidity products (free acids, hydroperoxides and toxic 
peroxides) in the oil can be explained by the fact that activated carbon adsorbs 
the various particles responsible for this phenomenon. Activated carbons have a 
porous structure made up of macropores, meso-pores and micropores, enabling 
them to adsorb certain particles [14] [26]. 

These results are consistent with those obtained by Thiam (2018), Lacoste et 
al. (2005) [27] and Sidani et al. (2012) [26]. Indeed, Thiam (2018) had reported a 
decrease in acid and peroxide values from 4.72 mg KOH g−1 and 14.26 me-
qO2∙kg−1 respectively for crude oil to 2.56 mg KOH g−1 and 13.08 meqO2∙kg−1 af-
ter treatment on 3% activated carbon. Lacoste et al (2005) reported that when 
activated carbon was added to bleaching earths, most of the polycyclic aromatic 
hydrocarbons (PAHs) were removed. Finally, Sidani et al. (2012) had worked on 
the filtration of an oil doped with four polycyclic aromatic hydrocarbons. They 
used activated carbon-lined plates to lower PAH levels. As a result, they noticed 
that PAH levels dropped considerably. 

3.4. Statistical Analysis 
3.4.1. Correlation of Baobab Oil Chemical Parameters 
The correlation study between the various chemical quality characteristics of 
baobab seed oil is presented in Table 3. It shows a very strong positive correla-
tion (r2 = 0.99) between peroxide value and chlorophyll. The peroxide value is 
also positively correlated (r2 = 0.96) with the K232 constant, which is positively 
correlated (r2 = 0.96) with chlorophyll. On the other hand, the relationship be-
tween constant K270 and the peroxide value, chlorophyll, showed a negative cor-
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relation. 

3.4.2. Principal Component Analysis 
A principal component analysis (PCA) was carried out to assess the impact of 
the filtration method on baobab oil stability. The first two dimensions (Dim1 
and Dim2) express 91.26% of the total inertia (Table 4). Thus, the first dimen-
sion (Dim1) alone contributes 68.86% and the second (Dim2) 22.4%. The va-
riables peroxide index (0.99), chlorophyll (0.99) and specific extinction coeffi-
cient K232 (0.93) are positively correlated with the first dimension. The second 
dimension is characterised by the variable K270 (0.99) (Figure 5). 

The baobab oil samples processed and analysed were grouped into three 
classes (Figure 5 and Figure 6). Class 1 is the crude oil obtained after pressing, 
characterized by a low acid number and a high level of primary oxidation prod-
ucts and chlorophyll. The second class is represented by oil filtered on special 
cloths in the production unit. This second class is characterised by a high acid 
and peroxide value, and high levels of oxidation products and chlorophyll. Fi-
nally, the third class is represented by oils filtered on 3% and 5% activated car-
bon. It is characterised by a low presence of oxidation products and low acid and 
peroxide values. In short, these analyses show that oils filtered on activated 
charcoal give a more stable, cleaner oil with better physico-chemical qualities. 
 
Table 3. Pearson correlation coefficients between physical parameters of baobab oil 
(Adansonia digitata L.). 

Variables Acid value Peroxide value Chlorophyll Carotenoids k232 K270 

Acid value 1      

Peroxide value 0.81 1     

Chlorophyll 0.79 0.99 1    

Carotenoids 0.52 0.66 0.68 1   

k232 0.70 0.96 0.96 0.47 1  

k270 0.53 −0.04 −0.07 0.11 −0.23 1 

 
Table 4. Correlation between components and variables.  

Variables 
Components 

Dim1 Dim2 

Acid value 0.84 0.52 

Peroxide value 0.99 −0.07 

Chlorophyll 0.99 −0.09 

Carotenoids 0.76 0.10 

k232 0.93 −0.24 

k270 0.03 0.99 

Own value 4.13 1.34 

Variance (%) 68.87 22.41 

Cumulative variance (%) 68.86 91.26 
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Figure 5. Correlation between the chemical characteristics of baobab oil and the first two 
dimensions of the PCA. 
 

 

Figure 6. Dendrogram of baobab oil samples studied after cluster analysis: class 1 (CI), 
class 2 (CII), class 3 (CIII). 
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4. Conclusion 

The aim of this study was to provide local companies with innovative and effec-
tive solutions for processing unrefined vegetable oils. To assess the effect of 
processing on stability, certain parameters characteristic of oil quality (acid and 
peroxide values, chlorophyll and carotenoid content, and extinction coefficients 
K232 and K270) were determined after each filtration. The results show that filtra-
tion of crude oil on filter cloths was effective in retaining suspended particles. 
However, the working conditions in the processing unit favored oil oxidation, 
with the acid number rising from 1.62a for the initial crude oil to 3.05b mg KOH 
g−1. In addition, these results show that activated carbon filtration preserves oil 
quality at its best. Indeed, thanks to its adsorbent capacity, activated carbon re-
duced the concentration of free fatty acids, oxidation products and certain 
pro-oxidants such as chlorophyll, making the oil more stable, clearer and of bet-
ter physico-chemical quality. These results suggest the coupling of these two 
treatment methods (that’s to say a filtration on filter cloths packed with activated 
carbon) within the processing unit to optimise process efficiency and thus obtain 
more stable, higher quality oil. The filter cloths retain suspended particles, while 
the activated carbon adsorbs the oxidation products formed, as well as certain 
pigments and pro-oxidant elements. However, when filter cloths are used, we 
recommend that they are used in a closed circuit to protect the product from 
pro-oxidants. For this reason, the control of certain parameters in the working 
environment remains crucial. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Sow, A., Cissé, M., Ayessou, N.C., Sakho, M. and Mar Diop, C. (2018) Le baobab 

(Adansonia digitata L.): Variabilité des graines, procédés d’extraction et propriétés 
physico-chimiques de l’huile. International Journal of Innovation and Scientific 
Research, 39, 24-36. 

[2] Ndiaye, E.M., Yousra, Y.E.I., Alioune, S., Ayessou, N.C., Harhar, H., Cisse, M. and 
Tabyaoui, M. (2021) Secondary Metabolites and Antioxidant Activity of Different 
Parts of the Baobab Fruit (Adansonia digitata L.). Food and Nutrition Sciences, 12, 
732-741. https://doi.org/10.4236/fns.2021.127055   

[3] Diop, A.G., Sakho, M., Dornier, M., Cisse, M. And Reynes, M. (2006) Le baobab 
africain (Adansonia digitata L.): principales caractéristiques et utilisations. Fruits, 
61, 55-69. https://doi.org/10.1051/fruits:2006005  

[4] Cisse, M.S., Dornier, M., Diop, C.M., Reynes, M., and Sock, O. (2009) Caractérisation 
du fruit du baobab et étude de sa transformation en nectar. Fruits, 64, 19-34. 

[5] Cissé, I. (2012) Caractérisation des propriétés biochimiques et nutritionnelles de la 
pulpe de baobab des espèces endémiques de Madagascar et d’Afrique continentale 
en vue de leur valorisation. Ph.D. Thèse, Montpellier Supagro, Paris. 

[6] Sow, A., Cissé, M., Ayessou, N.C.M., Cissé, O. Ibn, K., Niane, K., Sakho, M. and 

https://doi.org/10.4236/msce.2024.121006
https://doi.org/10.4236/fns.2021.127055
https://doi.org/10.1051/fruits:2006005


E. M. Ndiaye et al. 
 

 

DOI: 10.4236/msce.2024.121006 82 Journal of Materials Science and Chemical Engineering 
 

Mar Diop, C. (2018) Optimisation de la torréfaction des tourteaux de graines de 
baobab (Adansonia digitata L.), par la méthode des surfaces de réponses. Journal de 
la Société Ouest-Africaine de Chimie, 45, 42-48. 

[7] Ndiaye, E.M., Faye, P.G., Sow, A., Niane, K., Ndiaye, S., Baldé, S., Cisse, O.I.K., 
Ayessou, N.C. and Cisse, M. (2022) Impact of Storage Conditions on the Physico-
chemical Characteristics of Baobab (Adansonia digitata L.) Seed Oil. Food and Nu-
trition Sciences, 13, 373-386. https://doi.org/10.4236/fns.2022.134028  

[8] Kamatou, G.P.P., Vermaak, I. and Viljoen, A.M. (2011) An Updated Review of 
Adansonia Digitata: A Commercially Important African Tree. South African Jour-
nal of Botany, 77, 908-919. https://doi.org/10.1016/j.sajb.2011.08.010  

[9] Vermaak, I., Kamatou, G.P.P., Komane-Mofokeng, B., Viljoen, A.M., Beckett, K., 
Buchmann, C., Prehsler, S., Hartl, A. and Vogl, C.R. (2010) The Importance of 
Baobab (Adansonia digitata L.) in Rural West African Subsistence-Suggestion of a 
Cautionary Approach to International Market Export of Baobab Fruits. Ecology of 
Food and Nutrition, 49, 145-172. https://doi.org/10.1080/03670241003766014  

[10] Cissé, M., Sow, A., Poucheret, P., Margout, D., Ayessou, N.C., Faye, P.G., Sakho, M. 
and Diop, C.M.G. (2018) Impact of Extraction Method on Physicochemical Cha-
racteristics and Antioxidant Potential of Adansonia digitata Oil. Food and Nutrition 
Sciences, 9, 937-955. https://doi.org/10.4236/fns.2018.98069  

[11] Nkafamiya, I.I., Osemeahon, S.A., Dahiru, D., and Umaru, H.A. (2007) Studies on 
the Chemical Composition and Physicochemical Properties of the Seeds of Baobab 
(Adasonia digitata L.). African Journal of Biotechnology, 6, 756-759.  
http://www.academicjournals.org/AJB   

[12] Ndiaye, E.M. (2020) Contribution à la Valorisation du fruit de baobab (Adansonia 
digitata L.). Bachelor’s Thesis, Université Cheikh Anta Diop, Dakar. 

[13] Ndiaye, E.M., Sow, A., Ba, K., Ndoye, M. El Idrissi, Y., Ndiaye, S., El Moudden, H., 
Faye, P.G., Harhar, H., Ayessou, N.C., Tabyaoui, M. and Cisse, M. (2023) Processes 
for the Clarification of the Crude Oil of Baobab Seeds Extracted by Pressing on Ac-
tivated Carbon Elaborated from the Capsules of the Fruit (Adansonia digitata L.). 
Advances in Chemical Engineering and Science (ACES), 13, 105-118. 

[14] Ndiaye, E.M., Ba, K., Sow, A., Diop, A., El Idrissi, Y., El Moudden, H., Faye, P.G., 
Harhar, H., Ayessou, N.C., Tabyaoui, M., and Cisse, M. (2022) Valorization of Nat-
ural Residue into Activated Carbon: Example of the Shells of the African Baobab 
Fruit (Adansonia digitata) L. Journal of Materials Science and Engineering A, 12, 
41-54. https://doi.org/10.17265/2161-6213/2022.4-6.001  

[15] Ouakouak, A. (2017) Elimination du cuivre, des nitrates et des phosphates des eaux 
par Adsorption sur différents matériaux, Ph.D. Thèse, Université Mouhamed Khider- 
Biskra, Algérie.  

[16] Maazou, S.D.B., Hima, H.I., Malam Alma, M.M., Adamou, Z. and Natatou, I. (2018) 
Elimination du chrome par du charbon actif élaboré et caractérisé à partir de la coque 
dunoyau de Balanites aegyptiaca. International Journal of Biological and Chemical 
Sciences, 11, 3050-3065. https://doi.org/10.4314/ijbcs.v11i6.39  

[17] Tchakala, I., Moctar Bawa, L., Djaneye-boundjou, G., Doni, K.S., and Nambo, P. 
(2012) Optimisation du procédé de préparation des Charbons Actifs par voie 
chimique (H3PO4) à partir des tourteaux de Karité et des tourteaux de Coton. In-
ternational Journal of Biological and Chemical Sciences, 6, 461-478.  
https://doi.org/10.4314/ijbcs.v6i1.42  

[18] Recueil de normes françaises AFNOR. (1993) Corps gras, graines oléagineuses, 
produits dérivés. 5th edition, AFNORnormes, France. 

https://doi.org/10.4236/msce.2024.121006
https://doi.org/10.4236/fns.2022.134028
https://doi.org/10.1016/j.sajb.2011.08.010
https://doi.org/10.1080/03670241003766014
https://doi.org/10.4236/fns.2018.98069
http://www.academicjournals.org/AJB
https://doi.org/10.17265/2161-6213/2022.4-6.001
https://doi.org/10.4314/ijbcs.v11i6.39
https://doi.org/10.4314/ijbcs.v6i1.42


E. M. Ndiaye et al. 
 

 

DOI: 10.4236/msce.2024.121006 83 Journal of Materials Science and Chemical Engineering 
 

[19] Gharby, S., Harhar, H., Farssi, M., Ait Taleb, A., Guillaume, D. and Laknifli, A. 
(2018) Influence of Roasting Olive Fruit on the Chemical Composition and Poly-
cyclic Aromatic Hydrocarbon Content of Olive Oil. OCL, 25, A303.  
https://doi.org/10.1051/ocl/2018013  

[20] Elouafy, Y., El Idrissi, Z.L., El Yadini, A., Harhar, H., Alshahrani, M.M., AL Awadh, 
A.A., Goh, K.W., Ming, L.C., Bouyahya, A. and Tabyaoui, M. (2022) Variations in 
Antioxidant Capacity, Oxidative Stability, and Physicochemical Quality Parameters 
of Walnut (Juglans regia) Oil with Roasting and Accelerated Storage Conditions. 
Molecules, 27, 7693. https://doi.org/10.3390/molecules27227693  

[21] Thiam, N.L.F.B. (2018) Clarification et décoloration de l’huile d’arachide artisanale 
“Segal” par l’utilisation de matériaux locaux. Bachelor’s Thesis, Université Cheikh 
Anta Diop, Dakar. 

[22] Dandjouma, A.A., Tchiegang, C. and Parmentier, M. (2008) Evolution de quelques 
paramètres de qualité physico-chimique de l’huile de la pulpe des fruits de Canarium 
schweinfurthii Engl. au cours du stockage. International Journal of Biological and 
Chemical Sciences, 2, 249-257.  
https://doi.org/10.4314/ijbcs.v2i3.39760  

[23] Coppin, E.A. and Pike, O.A. (2001) Oil Stability Index Correlated with Sensory De-
termination of Oxidative Stability in Light-Exposed Soybean Oil. Journal of the 
American Oil Chemists’ Society, 78, 13-18.  
https://doi.org/10.1007/s11746-001-0212-4  

[24] Tekaya, I.B. and Hassouna, M. (2005)Étude de la stabilité oxydative de l’huile 
d’olive vierge extra tunisienne au cours de son stockage. OCL, 12, 447-454.  
https://doi.org/10.1051/ocl.2005.0447  

[25] Halabi, Y., Nasri, C., El Guezzane, C., Harhar, H., Gharby, S., Bellaouchou, A., Wa-
rad, I., Zarrouk, A. and Tabyaoui, M. (2022) Date Palm Phoenix dactilifera L. Seed 
Oil: Variety Effects on Physicochemical Characteristics, Fatty Acid Composition, Ste-
rol and Tocol Contents. Journal of Microbiology, Biotechnology and Food Sciences, 
12, e5725. https://doi.org/10.55251/jmbfs.5725   

[26] Sidani, M., Gaud, M., Pages, X., Morin, O., Gouband, M., Buchoux, J., et al. (2012) 
Filtration d’une huile dopée avec quatre hydrocarbures aromatiques polycycliques 
(HAP) sur des plaques garnies en charbon actif. OCL, 19, 317-323.  
https://doi.org/10.1684/ocl.2012.0481  

[27] Lacoste, F., Soulet, B., Arnaud, J.N., Brenne, E. and Lechat H. (2004) Contrôle de la 
sécurité sanitaire de l’huile d’olive vierge. Oléagineux, Corps Gras, Lipides, 11, 
210-216. http://dx.doi.org/10.1051/ocl.2004.0210  

 
 

https://doi.org/10.4236/msce.2024.121006
https://doi.org/10.1051/ocl/2018013
https://doi.org/10.3390/molecules27227693
https://doi.org/10.4314/ijbcs.v2i3.39760
https://doi.org/10.1007/s11746-001-0212-4
https://doi.org/10.1051/ocl.2005.0447
https://doi.org/10.55251/jmbfs.5725
https://doi.org/10.1684/ocl.2012.0481
http://dx.doi.org/10.1051/ocl.2004.0210

	Improving the Quality of Baobab Oil by Filtration on Activated Carbon from the Fruit Capsules
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Collection and Preparation of Plant Material
	2.2. Production of Baobab Oil
	2.3. Preparing and Activating Sand
	2.4. Preparation of Activated Charcoal
	2.5. Analytical Methods 
	2.5.1. Acid Value (AV)
	2.5.2. Peroxide Value (PV)
	2.5.3. Determination of Chlorophylls and Carotenoids
	2.5.4. Determination of Absorbance

	2.6. Presentation of the Experimental Set-Up
	2.7. Statistical Analysis

	3. Results and Discussion
	3.1. Initial Characteristics of Baobab Crude Oil
	3.2. Evaluation of the Effect of Sand on the Efficiency of the Filtration Process
	3.3. Evaluation of the Effect of Processing on the Chemical Characteristics of Baobab (Adansonia digitata L.) Oil
	3.4. Statistical Analysis
	3.4.1. Correlation of Baobab Oil Chemical Parameters
	3.4.2. Principal Component Analysis


	4. Conclusion
	Conflicts of Interest
	References

