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ABSTRACT: The aim of this study was to extract avocado oils using the laboratory method (Soxhlet) and the artisanal method.
To achieve the research objective, an artisanal oven was used to dry the avocado pulp and a device was adapted for artisanal
oil extraction. The oils obtained by hand were compared to those extracted in the laboratory on the basis of organoleptic,
physical and chemical analyses. The following parameters were assessed: colour, density (d), saponification index (IS), iodine
index (11}, acidity index (IA), ether index (IE), peroxide index (IP) and unsaponifiable matter. Volumetric methods were used for
the quantitative determination of these indices. The oil analyses were carried out in duplicate and the following results were
obtained: The oils extracted in the laboratory and by hand showed a dark green colour. With regard to the physical and
chemical parameters, the following averages were obtained: density - laboratory oil (OL): 0.912 g/cm3; artisanal oil (OA): 0.911
g/cm3; -acidity index OL: 5.609 mg KOH/g; OA: 4.515 mg KOH/g; -iodine index OL: 88.706 g 12/g; OA: 82.357 g 12/g; -
saponification index OL: 190.68 mg KOH/g; OA: 189.14 mg KOH/g; -ester index OL: 185.071 mg KOH/g; OA: 184.62 mg KOH/g;
-peroxide index OL: 10.12 mEqO2/kg; OA: 9.89 mEqO2/kg; -unsaponifiable matter content OL: 1.506%; OA: 1.5204%.
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1 INTRODUCTION

Throughout history, plants have played a fundamental role in the lives of both humans and animals. They are often present
in our daily lives and are frequently consumed [14].

Among the various plants, oilseeds stand out, as they have a high oil content in their seeds and fruits and can be used to
produce vegetable oil and for different purposes [22]. The avocado, one of these oilseeds, is widely consumed in Angola’s Uige
province in the fresh form of its fruit, known as avocado.

As well as being eaten fresh, the population can benefit from the avocado fruit in processed form, with oil extraction being
an important aspect of its industrialisation [17]. Avocado oil is a vegetable oil extracted from the avocado tree and is used in a
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variety of applications, including food, the production of pharmaceutical products and cosmetics. It can also be applied directly
to the skin and hair, thanks to its richness in vitamins and bioactive compounds, helping to treat healthy skin and hair.

The avocado tree, which belongs to the Lauraceae family and the Persea genus, is found in all tropical and subtropical areas
of the world. Among the species of this genus, Persea americana is the most relevant and studied, according to [12].

The chemical composition of avocado pulp ranges from 67 to 78% moisture, 13.5 to 24% lipids, 0.8 to 4.8% carbohydrates,
1.0 to 3.0% protein, 0.8 to 1.5% ash, 1.4 to 3.0% fibre and an energy density of between 140 and 228 kcal (Soares et al., 2000).
In addition, studies indicate that avocado oil has excellent nutritional quality, with high lipid, protein, vitamin and mineral
content, and has great economic potential for the pharmaceutical, food, cosmetics and biofuel industries [3], [20].

However, the avocado is a highly perishable fruit with a short shelf life, which means that it cannot be stored for long
periods as it deteriorates quickly. This characteristic represents one of the difficulties faced by consumers and sellers. Given
the socio-economic importance of avocados, processing them into oil could be an alternative for meeting the needs of the
population of Uige.

This work is structured as follows: Section 1 is an introductory part. Section 2 details the materials and methods. Section 3
presents the results of the oil extraction and analysis. Section 4 details the discussion of results. Finally, section 5 presents the
final considerations.

2 MATERIALS AND METHODS
2.1 ORIGIN OF THE RAW MATERIAL

The Fuerte avocado variety is a Guatemalan-Mexican hybrid that is very popular in many parts of the world. It is a large,
round fruit with a smooth, dark green skin that becomes a little lighter when ripe. The flesh of the Fuerte avocado is creamy
and soft, with a pale green colour that is mild on the palate. The taste of the Fuerte avocado is slightly sweet, but with a rich,
smooth flavour, making it a popular choice for many recipes, including guacamole and salads. In addition, the Fuerte variety is
known for its high productivity and resistance to disease, making it a popular choice among avocado growers.

The avocados were purchased from local markets in the city of Uige, where good quality fruit ideal for consumption was
chosen. We used the Fuerte variety, a Guatemalan-Mexican hybrid, which is easily found in markets, supermarkets and the
rural areas of Uige. The fruit’s vernacular names are: avocat or poire d’avocat (French); avocado (English); divoka, voka or
savoka (Kikongo).

Fig. 1.  Fuerte avocado

2.2 SAMPLE PREPARATION

- Choose ripe and healthy avocados. Make sure there are no signs of deterioration;

- Wash with tap water;

- Cut the avocados in half using a stainless steel knife and remove the pit;

- Remove the avocado pulp from the skin using a spoon;

- Grind the pulp with a blender;

- Pour the crushed pulp onto an aluminium tray and dry in a homemade oven (* 502 C) for 48 hours;
- After drying, store the dried material until the extraction process.
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Fig. 2.  (a) Fresh avocado pulp (b) Drying of the pulp in an artisanal oven (c) Dried avocado pulp
2.3 OIL EXTRACTION
2.3.1 LABORATORY EXTRACTION

The Soxhlet method was explored, an effective and simple technique without altering the properties of lipid substances.

Fig. 3.  (a) Soxhlet extraction (b) Solvent evaporation

2.3.1.1  PRINCIPLE
The Soxhlet method is a gravimetric process based on the weight loss of the material extracted with solvent (chloroform).
2.3.1.2  EXPERIMENTAL PROCEDURE

e Weigh the sample (10g);

e Place 10g of the sample (dried avocado pulp) inside the Soxhlet cartridge (filter paper);
e Place the cartridge containing the sample inside the Soxhlet extractor;

e Connect the Soxhlet extractor to a round-bottom flask (250 ml) and add 150ml of chloroform;
e Connect the setup to a condenser;

e Turn on the heating mantle and start the extraction (8 hours);

e After 8 hours, turn off the heating mantle;

e Allow the solution to cool while maintaining water circulation through the condenser;
e Disassemble the system to recover the solution (oil - solvent) from the flask;

e Distill the solution to separate the solvent from the oils using a rotary evaporator;

e Recover the oil and store it in an airtight container in the refrigerator until analysis.

e Determine the extraction yield using the equation:
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. mass of oil obtained from extraction
Oil content (%) = * 100
dry mass df the sample

2.3.2 ARTISANAL EXTRACTION
2.3.2.1 DESCRIPTION OF THE ARTISANAL EXTRACTOR

The extractor is a cylindrical device made of steel and supported by three legs. Its upper opening, where the up and down
movements of the metal disc occur, has a shaft supported by an arm similar to a car steering wheel, used to apply pressure. At
the bottom of the extractor is a sieve used to filter the pressed paste, which is then poured into a container below to collect
the oil.

Fig. 4. Homemade extractor

2.3.2.2 PRINCIPLE

The method consists of introducing the paste into the cylinder and selecting a group of three people with sufficient physical
strength to apply pressure to the handmade extractor.

2.3.2.3  EXPERIMENTAL PROCEDURE
e Weighing the sample;
e Lightly heat the sample and insert it into the extractor;

e Press continuously with your hands until the oil stops flowing;
e Weigh the quantity of oil obtained.

3 RESULTS
3.1 LABORATORY AND ARTISANAL EXTRACTION OF AVOCADO OiL

The experiment was repeated five times for both extraction methods.

ISSN : 2351-8014 Vol. 76 No. 1, Dec. 2024 42



Nswadi Kinkela, Nswadi Nsayi Metos, Mpanda Makambua Athos, Lukuama Ngesevua Bienvenu Doudou, and Jesus Miguel

Lopez Rodilla

3.1.1 LABORATORY EXTRACTION

Fig. 5.  Oil extracted by soxhlet

Table 1. Oil yield using the soxhlet method

Test number 1 2 3 4 5 Average
Mass (g) 6,59 6,41 6,74 6,76 6,84 6,668
Yield (%) 65,9 64,1 67,4 67,6 68,4 66,68

Yield (%)

- y

Test Number

Fig. 6.  Soxhlet extraction yield

Using 10g of sample for each extraction, an oil mass ranging from 6.59 to 6.84g was obtained, with a final average of 6.668g,
corresponding to 66.68% of the total. The results confirm that the avocado variety used contains a significant lipid content in
its pulp. During the extraction process, it was noted that the fat content increases proportionally with the number of siphons.
Thus, the amount of oil obtained depends both on the number of siphons used in the extraction system and the variety of the

material used.
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3.1.2 ARTISANAL EXTRACTION

Fig. 7.

Oil extracted by hand

Table 2. Lipid content by the artisanal method

Test number 1 2 3 4 5 Average
Mass (g) 167,42 163,98 167,06 161,30 165,69 165,09
Yield (%) 55,80 54,66 55,68 53,76 55,23 55.03
Source: Authors
55,5
55
54,5
3
= 54
53,5 53,76
53
52,5
1 2 3 4 5

Using 300g of sample in five consecutive extractions, a mean oil mass of 165.09g was obtained, corresponding to 55% oil.

Fig. 8.

Test Number

Yield from artisanal extraction

Compared to Soxhlet extraction, the artisanal oil yield is low. This can be attributed to two reasons:

1. Extracting all the oil present in the sample during this extraction process can be challenging, as it depends on the physical

strength of the individual applying the necessary pressure.

2. The extraction was performed at room temperature, as the artisanal extractor does not have a heating system to generate
heat during the process, making it impossible to keep the sample warm.

3.2 ANALYSING OILS

Remember that the principles, materials and reagents used to analyse the oils extracted in the laboratory are the same as

those used to analyse the oils obtained by hand.

The oil samples were analysed in duplicate, following the classic analytical methods described in the Analytical Standards

of the Adolf Lutz Institute [2].
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The following characteristics were assessed: colour, density (d), acidity index (Al), saponification index (IS), ester index (IE),
iodine index (10), peroxide index (IP) and unsaponifiable matter (l.ins).

Table 3. Average values obtained from oil analysis [1], [24]

Calculated and obtained values Bibliographical data
Parameters
oL OA
Dark green
Colour Dark green Dark green
d (252C) g/cm? 0,912 0,911 0,910 -0,920
IA (mg KOH/ g 5,609 4,515 1-7
75,0-100,0
Il ( g 1/100g) 88,706 82,357 82,0-90
IS (mg KOH/g) 190,68 189,14 177-198
IE (mg KOH/g) 185,071 184,62 176- 191
I Ins (%) 1,506 1,5204 1,0-6,0
IP mEq/ Kg 10,12 9,89 10,0

4 DiscussION OF RESULTS

The physicochemical characteristics of the oils (both laboratory and artisanal) were analysed in duplicate. The values shown
in Table 3 represent the average of the values for each parameter analysed.

The laboratory oils and the handmade oils were dark green in colour. On consulting the literature, it was found that,
according to the standards established by the Codex Alimentarius Committee on Fats and Qils (2019), crude avocado oils should
have a green colour, and the oils obtained by the two extraction methods observed were within the expected standard for this
category of oil.

The density of a lipid is defined as the mass of material required to occupy a given volume. For liquid oils, the density tends
to be between 0.91-0.93 g/mL at room temperature, and decreases with increasing temperature [18].

This variable is used to standardise and control the process and the quality of the processed product. In the food industry,
density is commonly used as a process control parameter [15].

The values found for the density of the oils analysed in this study are within the range of values required by legislation at
25 oC, indicating that the oil samples maintained their quality.

The acidity index corresponds to the amount of base needed to neutralise the free fatty acids present in the oil or fat.

A high acidity index indicates that the oil is undergoing triacylglycerol hydrolysis, releasing fatty acids and glycerol, which
may indicate that the product is undergoing an accelerated deterioration process [19].

According to the results obtained, the acidity index of the laboratory oil and the artisanal oil are 5.609 and 4.515
respectively. The values obtained are within the permitted limit according to the literature, which is between 1-7 [1].

It is known that the acidity index is an important factor in oil quality, providing valuable information about the state of
conservation of the oil. Higher acidity index values can indicate accelerated deterioration of the oil. However, the values
obtained for the extracted oils indicate that they are in good quality condition and can be used.

The iodine index is an indicator of the degree of unsaturation of the fatty acids present in the oils, and the higher the index,
the greater the possibility of oxidative rancidity [7].

The peroxide index is a measure of the degree of oxidation of the oil, indicating how far oxidation has progressed. The
peroxides present indicate the development of rancidity [4]. This index reveals the degree of lipid oxidation, which is the main
cause of oil deterioration, altering the organoleptic quality of the product [21].

Both the iodine index and the peroxide index are related to the degree of lipid oxidation [12]. In relation to the results
obtained and compared with the international standards, [1], [9], and the results of other researchers [24], it was observed
that the iodine index values of the oils analysed are within the recommended values. As for the peroxide index, there was a
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small, non-significant difference and no unpleasant changes in the colour or odour of the oils. This indicates that the drying
and extraction methods adopted were adequate and did not allow oxidative degradation of the product.

According to [16], the saponification index is the amount of alkali required to saponify a defined quantity of oil and/or fat.
It is one of the important characteristics, providing an indication of the relative amount of high and low molecular weight fatty
acids. Although it is not suitable for identifying oils and fats, it is useful for checking the average molecular weight and
adulteration by other oils with different saponification indices [7]. The values found in this study were 190.68 for the laboratory
oil and 189.14 for the artisanal oil, which is close to and within the standard range established by the [2]. The high value of this
index suggests the presence of long-chain, high molecular weight carbon compounds.

The ester index (I.E.) is defined as the difference between the number of milligrams of potassium hydroxide consumed to
saponify (1.S.) and the number of potassium hydroxide consumed to neutralise 1 gram of fat (I.A). This index is influenced by
the saponification index, the acidity index and the content of fatty acids present in the oils.

The values obtained in this study are satisfactory, with an average of 185.071 for the laboratory oils and 184.62 for the
artisanal oils, which is within the desirable range according to the literature. These results indicate a high content of
unsaturated fatty acids, which justifies the liquid state of the oils.

Unsaponifiable matter: corresponds to the total amount of substances dissolved in oils and fats after saponification, which
are insoluble in aqueous solution but soluble in common fat solvents. The experimental values obtained for unsaponifiable
matter were 1.506 for laboratory oils and 1.520 for artisanal oils, within the range observed by Tango and Turratti in 1992. The
results show that the content of unsaponifiable matter, being the natural antioxidants present in the oils analysed, protects
them from degradation and guarantees their nutritional and organoleptic quality.

5 CONCLUSION

This study compared two methods of extracting avocado oil: one carried out in a laboratory and the other by hand. The
artisanal extraction used in this work is a simple, effective and less expensive technique, allowing a purely natural product to
be made available to the population of Uige, while preserving its nutritional quality.

An artisanal oil extractor was created that resulted in a virgin product, and its quality was compared with that of avocado
oils extracted in the laboratory using the Soxhlet method. Various physical and chemical parameters such as colour, density,
saponification index, iodine index, acidity index, ether index, peroxide index and unsaponifiable matter were assessed. The
results were satisfactory and indicated that the oils extracted by the artisanal method had physical and chemical properties
comparable to those extracted in the laboratory.

Based on the results of the oil analyses carried out in this study, we can say that the oil extracted by hand is of good quality.
The oil is dark green in colour and has the desired density according to oil standards. In addition, the quality indices were
satisfactory.
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