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ABSTRACT

This paper investigated the extraction of edible oil from the pulp of avocado fruit by means of the
cold process. Avocado pear fruit was collected, washed, peeled, de-stoned, blended, and heated at 60 °C
for 90 mins and then malaxed. No chemical solvent was introduced, as the blending of the pulp required
only the addition of water. The process involves centrifuging the Avocado pulp via a laboratory
centrifuge at 7000 rpm for 15 mins. While the solid pulp remained in the bottom, the liquid (oil-water
mixture) floated on top. The mixture was dried for an hour using a heating mantle and then filtered using
a filter paper to remove the suspended pulp particles. A dark greenish brown oil was thus obtained with
an yield of 6.3%. The physicochemical properties of the oil in terms of acid value, saponification value,
ester value, % FFA, % glycerine, specific density, and moisture content were found to be 23 mg KOH/g
oil, 199.7 mg KOH/g oil, 176.7 mg KOH/g oail, 11.5%, 9.66%, 1.19 g/L, and 75%, respectively. This
process is devoid of the use of any reagent and hence, the product is suitable for consumption. The
process requires limited labour and low temperatures, thus its nutrients, flavour, and richness are
safeguarded and the product retains its healthy properties.
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1. INTRODUCTION

Avocado (Persea americana), also called alligator pear, is a tree native to the Western
Hemisphere from Mexico south to the Andean regions and Central America. It is now being
cultivated in the subtropical and tropical areas, such as East and West Africa, respectively. Its
fruits, which have a yellow-green to purple skin, are described as a berry with a thick, fleshy
mesocarp surrounding a single large seed. It weighs 50 grams to 1 kilogram with the mesocarp
(edible flesh) contributing 50-80% and the seed 10 to 25% of its total weight. Its trees are
evergreen and flowering in spring from the previous summer growth. There are three types: the
Mexican which thrive in Mediterranean climate, Guatemalan in high altitude tropics, and the
West Indian, in humid and tropical climate. It is largely cultivated to some degree in the tropical
rainforest and savannah belts of Nigeria. However, 15% of the avocado which is a potential
source of oil is discarded as waste [4, 14-23].

It contains vitamins A, B, C, E and other nutrients, like magnesium, potassium, iron,
niacin and folacin. Vitamins A, C, and E help in protecting the body against eye cataract, cancer
due to the cell mutation as a result of its anti-oxidant activities, heart disease due to cholesterol
[5] and thus slowing down the aging process. Its high fibre content helps in lowering the effect
of hypertension, obesity, and cardiovascular disease [5].

It also contains monounsaturated fats (70% of its fat) which makes it highly recommended
for infants, as it is beneficial for their development [11].

Avocado oil (Persea americana), which is dark green in colour, is extracted from the pulp
of the fruit of the avocado tree. It is used in the production of cosmetics and healthcare products,
such as soaps, creams, hair products, and lubricants. Traditionally, the commercial process for
avocado oil extraction uses hard, mature whole fruit (no removal of the seed) and involves
drying, mechanical pressing at high temperatures and oil extraction with an organic solvent.
The use of solvents in a commercial scale has been questioned because of air pollution concerns.
In addition, the removal of the solvent from the oil cannot be 100 percent guaranteed and it may
affect the oil quality. The most recent technique involves ripening which allows softening of
the fruit previous to mechanical pressing, and centrifuging the mixture to separate the oil from
the water and solids. The latter method (centrifugation) results in oil that is suitable for
consumption. India and China are the principal producers and suppliers of avocado oil to
international markets, such as The United States, Germany, and Malaysia.

In Nigeria, there are various types of vegetable oils obtained from palm kernels, coconut,
cotton seed, olive seed, and soya bean seed, etc. They are usually extracted from seeds, fruits,
kernels, and nuts either by the use of solvents or mechanical press. The oils from fruit and seeds
are of great importance because of their functions and uses to the mankind. Fats and oils act as
insulators to the body, protective layer for the internal organs, such as heart, and are sources of
energy to the body [12].

Over the years, the methods of extraction of oil from avocado pear, such as solvent
extraction, have resulted in oil that was not suitable for consumption. The centrifugation process
which is expensive, is currently used to extract edible oil from avocado that is comparable to
olive and palm oils. This research is therefore geared towards providing further information
about the quality, quantity, and properties of the oil that will enable/enhance its production,
especially in Nigeria and West Africa. The main object of this research work is to extract oil
from avocado pulp that is suitable for consumption, using the cold extraction process, determine
the physical and chemical properties of the oil, and as well as to determine the oil yield and
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finally characterize the oil in terms of usefulness, and compare it to the already set standards
[6, 8, 9].

2. MATERIALS AND METHODS
2. 1. Raw Materials and Pulp Preparation

40 pieces of ripe avocado pear, which were obtained from Oba market, Ring road, Benin-
City, Edo State, Nigeria, were sent to the Delta State University Central Laboratory, Abraka,
for extraction. The pre-extraction process follows the fruits being cleaned, peeled, de-stoned,
blended, mixed, centrifuged, and filtered. The extraction process was thus carried out using the
centrifugation process (cold process) using 2,260 g of pulp. Figure 1 shows the flowchart of
the process. The sequence is presented below, as follows:

2. 2. The Pre-extraction Process

Fruit cleaning: This was done by washing with water and soap to remove dirt, leaves, twigs
which can wear out the centrifuge and reduce its life span from 25 to 5 years.

Peel removal: This is also known as de-skinning and was done using a knife to peel off totally
the outer skin. 100% of the skin was removed as this would affect the pigment composition and
colour of the oil.

De-stoning: This was done using a knife to remove the inner seed.

Cleaning’ washing I Peel removal | De-stoning

I ~— Pre-extraction process

Heating/churning | &—— Grinding

Centrifuging

Dryving — Extraction process

1

Filtration

Figure 1. Flowchart of oil extraction process from avocado pear
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Grinding: This was done using an electric blender to crush the large pieces of pulp with a small
amount of water into a smooth paste. This was done to accelerate the release of oil from the
vacuoles. Figure 2 shows the different stages of the avocado pre-extraction process.

[

(©)

Figure 2. Ripe avocado pear (a) after de-skinning, and de-stoning (b), and
Avocado pulp after blending (c)

Malaxing: This is a churning process and was done while heating the pulp paste in the water
bath at 60 °C for 90 minutes. The smooth paste was continually mixed with a spatula to allow
small oil droplets aggregate to form larger ones to increase oil yield.

2. 3. The Extraction Process

Centrifugation: The weight and volume of the pulp paste was obtained using a weighing
balance and beaker respectively. The heated pulp paste was then put into the 6 test tubes of the
2 phase decanter centrifuge. It was then centrifuged at 7000 rpm for 15 mins at 40 °C. This was
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done 13 times till all the pulp paste was centrifuged. The resultant centrifuged solid pulp was
centrifuged again 6 times at another 7000 rpm for 30 mins at 40 °C, resulting into a very dry
pulp. The centrifuged oil water mixture was weighed and the volume was taken [7].

Drying: The mixture was then subjected to heat at 105 °C for an hour until it reached a constant
weight. This was done using a heating mantle.

Filtration: The oil left was then filtered using a filter paper and funnel and later centrifuged to
remove any trace of unwanted or suspended particles. The final oil thus obtained was weighed
and the volume was recorded to get its yield.

3. CHARACTERIZATION OF OILS
3. 1. Physical Analysis

Determination of moisture content: a known weight of the sample was taken and dried for an
hour and a half at 105 °C. It was re-weighed and cooled to a constant weight. The percentage
of moisture was calculated as shown below:

. Wi— W-
% moisture content = ——2

2

x 100 1)

where: W; is the weight of sample before drying
W, is the weight of sample after drying.

Density: This was determined using a density bottle. The density bottle was first cleaned and
weighed, Mz. The bottle was then filled with boiled water at 25 °C and then weighed, M2. The
water was poured out and the sample oil was put into it. The bottle and oil sample were weighed,
Ms.

Melting point: A little amount of the oil sample was put inside test tubes, and the liquid oil was
frozen to solid. The melting point is the temperature at which the solid oil changes back to
liquid. This melting temperature was achieved using a thermometer.

3. 2. Chemical Analysis

Acid value number: The number expresses the quantity of potassium hydroxide in milligrams
required to neutralize the free acids present in 1 g of the substance. It is a measure of hydrolytic
rancidity and an indication about the edibility of the lipid. Here, 1 g of the oil was weighed and
put in a conical flask. 5 ml of alcohol and 5 ml of benzene were added to the oil in the flask.
The contents were shaken to dissolve the free fatty acids. 3 drops of phenolphthalein were added
to the mixture. The mixture was then titrated against 0.1 M KOH until pink colour appeared.

) X XM x56.1
Acid value = — (2
Weight of sample

where: X is the volume of KOH required to neutralize the oil solution.
M is the strength of KOH.
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lodine value: This expresses the quantity, in grams, of iodine absorbed per 100 g of lipid. It
gives a measure of the average degree of unsaturation of a lipid. Here, 0.2 g of the oil was
dissolved in 15 ml of CCl4, and 25 ml of iodine monochloride solution added, corked, mixed
and allowed to stand for 1 hour in the dark. 20 ml of 10% KI solution and 150 ml of distilled
water were added. The unreacted iodine was titrated with 0.1 M Na,S,03 using starch indicator
to a blue colour. A blank titration was carried out in the same manner and the iodine value was
calculated thus:

blank titre - sample titre X molarity of Na,S,03 X 12.92

lodine value =

@)

Weight of sample

Saponification value: This is a number that expresses the quantity of KOH in mg required to
neutralize the free acids and saponify the esters in 1 g of the substance. It is a measure of the
average molecular weight of the triacylglycerols in a sample. The process involves putting 1 g
of the oil into a conical flask, and then adding 50 ml of alcoholic KOH. To this is fixed, a reflux
condenser and the content is refluxed for one hour. Similarly, 50 ml of the alcoholic KOH
(blank solution) is refluxed in a round bottom flask and then cooled after refluxing for one hour.
3 drops of phenolphthalein indicator were added to the hot solution. The two solutions were
titrated against 0.1 M hydrochloric acid [10]. Saponification value was thus obtained by

56.1 XZ XM of HCI
Weight of sample

Saponification value =

(4)

where: Y is the ml of HCI required by blank
X is the ml of HCI required by sample
Z = (Y-X) is the volume of HCI required to neutralize excess alkali
M is the strength of HCI.

Ester Value: It expresses the quantity of KOH in mg required to react with glycerine after
saponifying one gram of fat. It determined thus

Ester Value = Saponification value — acid value (5)

% glycerine = ester value x 0.054664 (6)

4. RESULTS AND DISCUSSION
4. 1. Results
Qil yield

Table 1. Qil yield of avocado

RUN SOLVENT YIELD, %

1 water 6.3
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Physical characteristics

Table 2. Physical characteristics of avocado oil

: Specific Moisture content, Melting
Solvent | Density gravity % point, °C Colour
Dark greenish
Water 1.19¢9/L 1.19 75 15 brown

Chemical characteristics

Table 3. Chemical characteristics of avocado oil

Acid value | Saponifiation value Ester value o . 0 .
(ml/g) (ml/g) (mifg) Yofree fatty acids | %o glycerine
23 199.7 176.7 11.5 9.66

4. 2. Discussion
Oil yield

The yield of the oil was found to be lower than the standard oil content of between 10-
20%, as shown in Table 1. This was likely due to the speed of the laboratory centrifuge which
spun below the ideal speed (12,000 rpm). This could have limited the amount of liquid separated
from the pulp as the centrifugal force was not high enough. Another important factor that could
have played out for the reduced oil yield is the type of cultivars available in the country. Despite
of these militating factors, an appreciable yield of 6.3% was achieved.

Density/moisture content

The standard specific gravity of avocado oil is between 0.912-0.923 g/L [3]. The oil
obtained from the experiment had a specific gravity of 1.19 g/L which was much higher than
the ideal. This could be due to the presence of solid particles likely to have arisen from the
insufficient centrifugal force during the spinning/ malaxing process of the pulp paste. The
moisture content of the oil on the other hand was found to be quite high as 75% moisture content
was achieved (Table 2).

Melting point

This is the temperature at which frozen solid oil changes back to liquid. The melting point
of avocado was gotten to be 15 °C. The melting point of avocado oil is 10.5 °C. Melting point
is dependent on the length of the fatty acid and its degree of unsaturation. Due to its low melting
point, it can be used in mayonnaise as a salad oil.
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Saponification value

From the result presented in Table 3, the saponification value of the oil was 199.7 mL/g.
The value can be compared with shea butter oil (185 mL/g) and cotton seed oil (194 mL/g) but
was, however, higher than that of native pear (25.9 mL/g). This shows that the oil has a long
chain of free fatty acids. The range of value is useful in the soap and cosmetic industry as it
would not require too much KOH to saponify the oil.

Acid value

It expresses the quantity of potassium hydroxide in milligrams required to neutralize the
free acids present in 1g of the substance. It is a measure of hydrolytic rancidity and indication
on the edibility of the lipid. It is therefore also expressed as the measure of oil rancidity which
is the resistance of the oil to oxidative polymerization. According to Harwood [2], the acid
value of crude avocado oil was 6.8 mL/g which was much lower than 23 mL/g obtained from
this work. This could be due to the presence of some pulp particles that fermented in the oil-
water mixture or oxidation during processing and storage [1].

% Free fatty acid (FFA) and glycerine

This is the percentage of free fatty acid in the oil. Result shows that % FFA obtained was
11.5% which is in the range considered to be high enough for both crude and refined oil. This
implies that the oil contains some acids of poor rancidity. Generally, FFA varies depending on
oil type, season, region, harvesting methods, storage conditions, etc. However, the presence of
heat, acids enzymes and bases is known to catalyse the hydrolysis of oil and thus could lead to
increase in free fatty acids. The lower the free fatty acid, the more edible it is because a high
level of free fatty acid leads to a high risk in the development of diabetes and cardiovascular
diseases [13]. The % glycerine of the produced oil was found to be 9.66.

Ester value

The ester value, which expresses the quantity of KOH in mg required to react with
glycerine after saponifying one gram of fat, is the difference between the acid value and the
saponification value of the oil. The ester value of the avocado obtained was 176.7 mL/g. The
ester value of avocado oil was 172.8 mL/g, which is closely related to the experimental value.
It is lower than the rubber seed oil (191.93 mL/g) and comparable to the castor oil (174.09
mL/g).

5. CONCLUSION

The cold process that involves both the pre-extraction and extraction procedures of oil
from avocado pear is promising because the process is devoid of the use of any reagent and
thus making it suitable for consumption. Suffice to emphasize that the process requires limited
labour and low temperatures which safeguard its nutrients, flavour, and richness, and thus
retaining healthy properties. Characterization of the oil showed that the physicochemical
properties in terms of acid value, saponification value, ester value, % FFA, % glycerine, specific
density and moisture content were 23 mg KOH/g oil, 199.7 mg KOH/g oil, 176.7 mg KOH/g
oil, 11.5%, 9.66%, 1.19 g/L and 75%, respectively. While some of the values are within
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acceptable standard, few experienced some offshoots which will require the oil a bit of
refinement to bring these parameters under acceptable standard.

Recommendation

Curre

Oil production from avocado pear via the cold process is found to be very promising.
ntly this technology is not very popular and only found in few countries, and with the

usefulness of the oil from avocado pear that is diverse, the following are recommended for the

produ
a)
b)

c)

ction of oil via the cold process, particularly in Nigeria:

The Government should invest more in the agricultural sector and provide farmlands
for a large scale production of avocado varieties such as Fuerte, Hass.

Future research should be done on increasing the stability of the shelf life as it
becomes unstable when exposed to sunlight due to its high chlorophyll content.
Increased research and development (R&D) should be eased on avocado in Nigeria
despite its prior production in the country.
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