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ABSTRACT: It is acommon practice to use oils extracted from fruits seeds for soap making. The oils are non-
edible to avoid food competition. The objective of the present study was to assess the possibility of preparing a soap
of acceptable quality from oils extracted from seeds of Avocado and Mango. The ground Avocado and Mango seeds
were subjected to Soxhlet extraction technique using n-hexane as an organic solvent. The oil yield of 2.43% and
1.32% were obtained for Avocado seed and Mango seed samples, respectively. The analyses of the physicochemical
properties such as saponification value, acid value, percent free fatty acid, and relative density were found to be
25.245 and 84.15, 30.86 and 30.85, 6.26 and 6.26, 0.87 and 0.83, respectively, and the data were in favor of
utilization of the oils in soap making. Moreover, the blends of extracted Avocado and Mango seed oils ina 1:1, 3:1
and 1:3 ratios (by mass) revealed Saponification values of 151.47, 162.69, 214.62, respectively; total fatty matter
contents of 59+1.41, 63 + 1.41, 67+1.41, respectively; total alkali contents of 1.44 + 0.03, 1.715 + 0.08, 1.77 £ 0.13,
respectively. The pH values of soaps prepared from the two oils and their blends were found to be in the range of
9.6-10.15. The data are comparable to commercial soaps and also suggest that the prepared soaps from the extracted
oils can be used for cleaning purpose without any harm on human skin.
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Soap is one of the commonly used products that are
used in human day to day life to clean and wash skin
and clothing. It is prepared by a process called
saponification reaction. The process involves heating
of animal fat ((lard and tallow) or vegetable oils (e.g.,
coconut oil, palm oil and olive oil) with alkali
solutions (of KOH or NaOH) in alcohol (e.g., ethanol)
that results in salt (soap) and glycerol (Hassan et al.,
2015; Peter et al., 2015; Warra, 2013). As mentioned
above, raw animal fats are used to prepare soaps (Peter
et al., 2015; Warra, 2013). However, the use of these
raw materials is becoming difficult for several reasons.
Some of the reasons are (a) they are used for biodiesel
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in developed countries to satisfy their energy demand
(Thoenes, 2006; Rudy, 2006; Fiedel et al., 2020) (b)
animal fats/soaps from such fats cannot be stored for a
long time because they easily oxidized when exposed
to air and give bad smell (Flavia et al., 2014); (c)
getting certificate from regulatory agencies for
qualities of such fats is a big problem (Heena et al.,
2013) and (d) fats produce offensive odors in soap
manufacturing factories and the surrounding
community where the factory is established (Jerome,
1961). Oils obtained from fruits/seeds of plants are
also used as alternative inputs for soap preparations in
soap industries. Some of the examples are olive oil,
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coconut oil, palm oil, castor seed oil soap, Jatropha
seed oil soap, Neem seed oil, etc.(Peter et al., 2015;
Warra, 2013; Warra et al., 2014). Among the
aforementioned oils, palm oil has been widely used as
fatty raw material in the manufacture of soap (Warra,
2013). However, palm oil could not be used
sustainably in the near future unless some alternative
vegetable oils are found today. Some of the factors are
(i) increasing demand of palm oil (75 million tons/year
by 2050 (for biodiesel in developed countries in their
energy sectors (Grain, 2007; Tincliffe and Webber,
2012http://lwww.intracen.org/uploadedFiles/intraceno
rg/Content/About_ITC/Where_are_we_working/Mult
icountry_programmes/Pact_I1/Palm%200il%20Repo
rt%202012.pdf; Helena et al., 2019;
https://news.mongabay.com/2013/09/europe-
importing-more-palm-oil-for-biofuels-raising-risks-
for-rainforests); (ii) use of for cooking to prepare
healthier foods that competes its use for soap
preparation (Hakimah et al., 2022) and (iii) only two
countries Malaysia and Indonesia export 87% palm oil
to the world market (Murphy, 2015; Murphy, 2014;
Bazmi et al., 2011; https://www.innovhub-
ssi.it/kdocs/1990284/animal_fats_for_non-
food_uses._a review_of technology and_critical_po
ints.pdf;). Such factor resulted in the decline of the use
of palm oil in soap manufacturing industries. It is
important to note that continuous supply of the oil
from the exporting countries cannot be taken for
granted as economic or political situations may lead to
interruption of the importation of the oils from
exporting countries. So, the risk of importing countries
to be economic and political dependent on those
exporters is quite high in the future unless alternatives
are considered in advance. Ethiopia is one of palm oil
importer countries for its soap industries and other
uses. For instance, the country has imported 222,142
tonnes by 2010 from Indonesia and Malaysia
(Ethiopian Investment Agency, 2012), and recent
reports revealed that the annual import has increased
to about 350 million tonnes
(https://snv.org/update/bridging-gap-between-
demand-and-supply-edible-oil-ethiopia). These data
also showed that the quantity and price of palm oil
being imported is increasing from time to time
imposing a huge budget allocation to the limited
economy of the country. Thus, it is a must to look for
alternative vegetable oil sources (such as Mango seed
oil, Avocado seed oil) for soap preparation. Though
there are few reports on the extraction and
characterization of Mango and Avocado seed oils as
well as use of Mango seed oils as components of
home-made soap products, there are no reports on the
use of Avocado and Mango seed oil blends in soap
making from Ethiopia. Moreover, similar to elsewhere
in the world (1 million tonne mango seed
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discarded)(Arogba, 1997), in different cities of the
Ethiopia Avocado and Mango seeds are discarded to
environment as wastes after using these fruits for
making juices. Thus, this study was initiated to carry
out extraction; characterization of oils and preparation
of laundry soap from the oils and blends of the oils
extracted from seeds of Avocado and Mango varieties
of Ethiopia where these fruits are available in
abundance or produced in large quantities (Messay
and Shimelis, 2012; Takele, 2014; Berhanu, 2013;
Edossa, 1997; Zekarias, 2010; Abduselam, 2016).

MATERIALS AND METHODS

Chemicals and reagents: The following are the
chemicals and reagents used for the study. These are
n-hexane (AR), Potassium hydroxide (AR),
Phenolphthalein indicator solution, hydrochloric acid
(AR), glacial acetic acid, ethyl alcohol, sodium
hydroxide (AR), Potassium dichromate (AR),
Chloroform (AR), Nitric acid, Methyl Orange
indicator solution.

Preparation of plant material and oil extraction: The
5-6 kg (each) of Avocado and Mango seeds were
collected from cafes and restaurants. The seeds were
air dried at room temperature in shade without
exposing to direct sun light. The dried seeds were
crushed using mortar and pestle and grinder (Starlux
sl-1304, 220v 200W coffee grinder) to reduce the size
of the sample in order to make it suitable for the oil
extraction of the seeds. The oil extraction was done
using n-hexane as solvent employing Soxhlet
extraction technique (Extractor Soxhlet B50/42 8sec
200/63). Finally, the solvent was removed from the
extracted oils under reduced pressure using rotary
evaporator and the remaining solvent residues were
removed by heating the oil extract in a water bath at
40°C for 2 hrs. The extracted oil samples were stored
in a refrigerator at < 4°C until used for subsequent
physicochemical analyses and soap preparation
(Warra, et al., 2014).

Study of physicochemical properties of the seed oils

Determination of saponification value: The oil
samples were filtered through a filter paper to remove
any impurities and the last traces of moisture. The oil
samples were dried, and were mixed thoroughly. 2.0 g
of each dry plant material was weighed and transferred
into a 250 ml Erlenmeyer flask. Then 25 ml of
alcoholic potassium hydroxide solution was pipetted
into the flask. A blank determination was conducted in
parallel. The flasks containing the oil samples and the
blank were connected with reflex condensers, keeping
on the water bath. The flasks were boiled gently but
steadily until saponification was completed, as was
indicated by absence of any oily matter and
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appearance of clear solution. After the flask and
condenser have cooled, the inside of the condenser
was washed down with 10 ml of hot ethyl alcohol
neutral to phenolphthalein. The excess potassium
hydroxide was titrated with 0.5N hydrochloric acid,
using about 1.0 ml phenolphthalein indicator (AOAC,
2000).

- 5.81 (B — S)N D

B w
Where, SV = saponification value; B = Volume in ml
of standard hydrochloric acid required for the blank. S
=Volume in ml of standard hydrochloric acid required
for the sample, N = Normality of the standard
hydrochloric acid and W = Weight in gm of the oil
taken for the test.

Determination of acid value: A 0.5 g of the cold oil
sample was put into a 250 ml conical flask and then100
ml of freshly neutralized hot ethyl alcohol and about
1ml of phenolphthalein indicator solution were added
into the flask that contain the oil sample. The mixture
was boiled for 5-6 minutes and it was titrated while hot
against 0.5 N standardized potassium hydroxide
solutions shaking vigorously during the titration until
the pink color disappeared (1SO660, 1996).

56.1 VN
Acidic Value = W 2

Where, V = Volume in ml of standard potassium
hydroxide used; N = Normality of the potassium
hydroxide solution and W = Weight in g of the sample.
The acidity is frequently expressed as free fatty acid
(Egn. 3)

Acid value = Percent fatty acid (as oleic) x 1.99.

28.2VN

FFA (%) =— 3)

Where FFA = fatty acid as oleic acid

Determination of relative density of the extracted oils:
About 10.0 ml of oil sample was taken in a measuring
cylinder of a known weight. The weights of both the
oils and the cylinder were also measured. The weight
of the oil was obtained by subtracting the weight of the
cylinder from the weight of both the oil and measuring
cylinder, and its density was determined (John, 2003).

W1l-Wo

Density of the Oil =
ensity of the Oi o

C)
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Where, W1= weight of measuring cylinder and the oil,
WO0= weight of measuring cylinder, and V0= volume
of the oil sample used in the experiment.

GC-MS analysis of composition of the extracted oils:
The GC-MS analyses of the extracted seed oils,
obtained from the Ethiopian Mango and Avocado
varieties, were done at The Department of Chemistry,
Addis Ababa University, Ethiopia. The data were
compared with literature reports on percent yields of
oil extracts of Avocado and Mango seed varieties
outside Ethiopia. The oil samples were first, subjected
to transesterification using methanol and standard
procedures reported in literature (Atilla, et al., 2015)
in order to determine their chemical compositions
using GC-MS analyzer. The transesterification
reaction was carried out in a 250ml flat-bottomed
flask, equipped with a magnetic stirrer heater,
thermometer and spiral reflux condenser. Before
starting the reaction, a 0.75g of sodium hydroxide
(NaOH) according to chosen catalyst concentration
was dissolved in a 30ml of methanol. In the flat
bottomed flask, this alcoholic solution was added to
the 50g oil that was formerly warmed to about 80°C in
a beaker. These reactants were mixed at 80°C for about
40minutes with stirring speed of 500 rpm by means of
the magnetic stirrer heater. At the end of the reaction,
the resulting product mixture was transferred to a
separatory funnel. After a day, two phases occurred in
the separatory funnel. The upper phase consists of
methyl esters (oil) while the lower one consists of
glycerol, excess methanol and the remaining catalyst
together with soap. The two layers were separated and
then the upper layer (oil) was washed with warm
distilled water. The washed oil was heated up to about
100°C to remove methanol and water residuals (Atilla,
et al., 2015) GC-MS analyses of the Avocado and
Mango seed oils, obtained from the Ethiopian
varieties, were done and compared with literature
reports about chemical compositions of Avocado and
Mango seed oil varieties of outside Ethiopia.

Soap preparation: Soaps were prepared using
Avocado oil, Mango oil and blends of the two oils in
different ratios (1:3, 1:1 and 3:1 by mass) by heating
the oils with sodium hydroxide (NaOH) and solvent
ethanol following standard procedure of soap
preparation reported in literature (Hassan, et al.,
2015). Similar procedure was used to prepare soap
from palm oil for the sake of comparison. The oils
sample (10g) was into a 250ml beaker. A 30 ml of
ethanol and 30 mL of 20 % NaOH were added to the
beaker containing the oil. A small magnetic stir bar
was added to the beaker and the mixture was heated
and stirred on a magnetic stirrer-hotplate. The mixture
was heated (with constant stirring) for 30 minutes,
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until the solution no longer had two separate layers.
The solution became transparent at this point. In order
to make sure that the volume does not decrease too
much, the 5 mL portions of a mixture containing equal
volumes of ethanol and water was added to the beaker.
When the saponification was completed, the beaker
was carefully removed from the heat. The soap
solution was poured into the beaker containing the
50ml saturated salt solution and was then stirred with
a stirring rod. This process is called “salting out”. It
increases the density of the solution and causes the
soap to precipitate and float on the surface of the
solution. The beaker was placed in an ice water bath
until it reached the approximate temperature of the
bath. In a separate container, 20 mL of distilled water
was chilled to rinse the solid collected in the funnel.
The soap curds were collected by vacuum filtration
with an aspirator.

Study of physicochemical properties of prepared
soaps: The physicochemical properties of soaps
determine their quality as well as their efficiency and
cleansing properties. Thus, the physicochemical
properties (total fatty matter content, total alkali
content, pH, lathering and cleaning abilities) of the
prepared soaps were carried out following standard
procedures reported in literature (Hassan, et al., 2015;
Betsy, et al., 2013; Warra et al., 2012; Warra et al.,
2010)

Determination of the Total Fatty Matter: Five (5) g of
soap sample was dissolved in 100ml hot water and
40ml of 0.5N HNO3 was added to make it acidic. The
mixture was heated until fatty acids were floating as a
layer above the solution. It was cooled in ice water to
solidify the fatty acids. The fatty acids were separated
and the aqueous solution was treated with 50ml
chloroform to remove the remaining fatty acids from
the aqueous phase. The separated fatty matter was
mixed together, solvent was evaporated and the yield
was noted (Betsy et al, 2013). The total fatty matter
was determined.

(Y —X) =100
Weight of soap sample

%Fatty Matter = 5)

Where x = Weight of the china dish; y = Weight of
china dish + Soap after drying; and Weight of soap
sample=5¢g

Determination of the Total Alkali Content: The 5 g of
soap sample was dissolved in 100 ml hot water. Then
40 ml of 0.5N HNO;z; was added to make mixture
acidic. The mixture was heated until fatty acids were
floating as a layer above the solution. It was cooled in
ice water to solidify the fatty acids. The fatty acids
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were separated from the aqueous phase and the
aqueous solution was treated with 50ml chloroform to
remove the remaining fatty acids. The aqueous
solution was measured and 10ml of it was titrated
against 0.5N NaOH using methyl orange as indicator.
The total alkali content was calculated from the titer
value using equation 6 in the method of Betsy et al,
2013 to obtain percent alkalinity.

. (Y x100)
% of alkalinity = T (6)

pH determination: The pH of the prepared soap was
determined using a pH meter (Model; PHS-3C DC-6V
300mA) employing standard procedure (Warra et al.,
2012). The 5 g of the soap shavings were weighed and
dissolved in distilled water in a 100cm?® volumetric
flask. The electrode of the pH meter was inserted into
the solution and the reading was recorded.

Foam -ability test: The 2 g of the soap (shavings) were
added to a 500cm® measuring cylinder containing
100cm® of distilled water. The mixture was shaken
vigorously so as to generate foams. After shaking for
about 2 minutes, the cylinder was allowed to stand for
about 10 minutes. The height of the foam in the
solution was measured and recorded (Warra et al.,
2012)

Test for effectiveness in cleaning: To determine
cleaning property of the prepared soap, a drop of
grease oil was placed on four separate strips of filter
paper. These filter papers were then immersed in a
separate test tube containing soap solution (2 g of soap
sample in 100 ml distilled water). Each test tube was
shaken vigorously for 1 minute. The filter papers were
removed and rinsed with distilled water, and then the
extent degree of cleanliness in each filter paper was
observed (Hassan, et al., 2015).

RESULTS AND DISCUSSION

Oil extraction and determination of oil contents: It has
been reported that seed oil extraction using Soxhlet
extraction technique to be standard method. Its
advantage is that the sample (the plant material) is
repeatedly brought into contact with the fresh portions
of the solvent. This repeated contact, thus, increases
ability of the solvent to overcome forces that bind
lipids within the sample matrix, and ultimately
increasing the yield of oil (Lumley and Colwell,
1991). Moreover, n-hexane is recommended as an
organic solvent in such a method as it is evaporated
easily from the extracted oil, and giving good quality
oil. The percentage yields (Table 1) of the oils
obtained from the Mango and Avocado seeds were
determined by dividing total mass of oil from each
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seed type by total mass of seeds used for extraction (in
a batch).

Weight of oil

Oil content (%) = Weight of sample

* 100 (7)

It is a fact that determination of oil content in seeds is
very important as it helps to predict the potential of a
particular seed as sources of oil (or oil seed). High oil
content in seeds implies that processing it for oil
production would be economically viable (Ikhuoria et
al, 2008). The oil yields obtained in the present study
from Avocado and Mango seed oils were 2.41% and
1.35%, respectively (Table 1). The Mango oil yield
obtained in this study is lower than 8.10 + 0.07%
reported for persea Americana seed oil (Banji, et al.,
2016) but comparable to the oil yield reported for
persea Americana (Evwierhoma and Ekop, 2016).

Table 1. The oil yields of Avocado and Mango seeds obtained in
the present study

Sample Weight  Weight Percent
of of oil Yield

Sample () (%)
(g) used

Avocado  2264.88 54.5 241

seeds

Mango 4420.75 59.75 1.35

Seeds

The oil content of agricultural products such as fruits
and seeds determines largely whether oil can be
industrially processed from them or not (Bwade, et al.,
2013). According to FAQ, seeds that contain oil yield
greater than 17% are considered as oil seeds (Akinoso
and Raji, 2010). The Avocado seed and the Mango
seeds are, therefore, not recommended for the purpose
of edible oil generation and biodiesel production due
to the very low oil yield.

Table 2. The physical characteristics of extracted Mango and
Avocado seed oils

Parameters ~ Mango Avocado seed
seed oil oil
Color Yellow Brown-red
Odor Fruity Fruity
Physical Liquid Liquid

state

Physicochemical analysis of the extracted seed oils:
The physicochemical analysis of the extracted seed
oils as well as their blends (in different proportions)
were carried out following standard methods reported
in literature (AOAC, 2000; ISO660, 1996; John 2003)
in order to assess their qualities. The analyzed
physicochemical properties were saponification
values, acid values, % free fatty acids and densities
(Table 3).

1397

Saponification value: The saponification value is an
index of mean molecular weight of the fatty acids of
glycerides comprising a fat. It is the number of mg of
potassium hydroxide required to saponify 1 gram of
oil/fat (AOAC, 2000). This value gives information
concerning the character of the fatty acids of the
fat/oil. The long chain (higher molecular weight) fatty
acids found in fats have low saponification value
because they have a relatively fewer number of
carboxylic functional groups per unit mass of the fat.
Oils with high saponification values such as coconut
oil (257.0 mg KOH/g) and palm oil (199.1 mg KOH/q)
are better used in soap making. Soap manufacturers
blend their oils with coconut oil because of its high
saponification value. When it is blended with castor
oil, then saponification number of the blend is higher
than castor oil. The higher saponification value
justifies the usage of particular oil product for soap
production (Debesh, 2013). In the present study, the
saponification value of Mango seed oil was found to
be 84.15+2.11mg KOH/g (Table 3) which is higher
than the seed oil reported for Mangifera Indica (71.52
mg KOH/g) (Taiwo et al., 2008) The data indicated
that Mango seed oil had high enough saponification
value, and could be utilized industrially for soap
production if extracted in large scale. On the other
hand, the saponification value of Avocado seed oil (in
this study) was found to be 25.25+1.06mg KOH/g.
The value was lower than reported for sheanut fat
(36.32+1.9 mg KOH/g) and Jatropha curcat L (122.49
+ 2.6 mg KOH/qg) (Taiwo et al., 2014). The relatively
low saponification value of this oil may imply its poor
suitability for the production of soaps (if used alone).

Acid value: The acid value is the number of milligrams
of potassium hydroxide required to neutralize free
fatty acids present in one gram of fat or oil (1SO660,
1996). It is a relative measure of rancidity as free fatty
acids are normally formed during
decomposition/hydrolysis of oil glycerides due to the
action of moisture, temperature or heat and/or
lypolytic enzyme lipase (ISO660, 1996). This value
can also be expressed as percent of free fatty acids
calculated as oleic acid.

It can be determined directly by titrating the oil in an
alcoholic medium against standard potassium
hydroxide/sodium hydroxide solution. The lower the
acid value of oil, the fewer free fatty acids it contains
which makes it less susceptible to rancidity. The acid
values obtained in this study for Avocado and Mango
seed oils were 30.855 mg KOH/g and 30.860 mg
KOHY/g, respectively (Table 3). These values are
higher than the acid value reported for Avocado pear
oil (16.80 mgKOH/g) (Akubugwo et al., 2008) and
17.82+0.22 mg KOH/g) (Oluwole et al., 2013)..
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Table 3. Physicochemical characteristics of the extracted Avocado and Mango seed oils

Types of Saponificati ~ Acid value % Free fatty Density
oil on value acid (as oleic (g/ml)
(mg acid)
KOH/qg)
Avocado 25.25+1.06  30.86+1.15 15.08+0.58 0.87+0
seed oil
Mango 84.15+#2.11  30.86+1.89 14.82+0.95 0.83+0
seed oil

Reports also showed that an oil with the lower acid
content to be more appealing oil and suitable for
consumption (Coenen, 1976; Orthoefer and List,
2007). However, the acid values obtained for both the
Avocado and Mango seed oils suggest that these oils
cannot be used for edible purpose (as acid values are
greater than 0.1 mg KOH/g) (Orthoefer and List,
2007) and could be easily get rancid. But they can be
used as raw materials (vegetable oil feedstock) for
chemical industries such as biodiesel, soap, fatty acids,
surfactants and detergents (Evwierhoma and Ekop,
2016). The percentage free fatty acid (FFA) value of
an oil is also a crucial parameter in determination its
quality. This is because the lower the FFA, the higher
the quality of the oil especially in terms of its edibility
(Banji et al., 2016). The percentage FFA obtained in
this study for Avocado and Mango seed oils (Table 3)
were lower than reported for breadfruit seed oil
(38.85+3.34) (Akubugwo et al., 2008) but higher than
reported (2.26+0.08) for Avocado seed oil (Banji et
al., 2016). This suggests that such oils cannot be used
as edible oils and also get rancid easily, and hence their
storage needs precaution to minimize rancidity.

Density of the oils: Generally, oils are lighter than
water. But there are some oil types denser than water,
especially those oils that contain larger amounts of
oxygenated constituents of the aromatic series. Most
popular seed oils have specific gravity ranging from
0.91 to 0.94. Literature reports also revealed that
specific gravity value of 0.92 to be considered a good
number for any edible oil (Evwierhoma and Ekop,
2016). The relative densities obtained in this study for
Avocado and Mango seed oils were 0.87 and 0.83
o/ml, respectively (Table 3). The relative density of
the Avocado seed oil is 0.87 g/ml which was found to
be comparable to the value (0.91+0.02 g/ml) reported
for Persea Americana seed oil (Banji et al., 2016). The
relative density of the Mango seed oil (0.83 g/ml) was
found to be lower than reported value (1.995 + 0.05
g/ml) of oils extracted from Mango (Olagunju, 2013).

The results implied that Avocado and Mango seed oils
are less dense than water, and could, therefore, be
useful in cream production as this will make the oil
spread easily on the skin.

Analysis of physicochemical properties of oil blends:
The production of oils for specific applications has
been commonly achieved by mixing of various plant
oils (Sakurai and Pokorny, 2003). Mixing of Jatropha
oil and coconut oil accompanied by heating causes the
breaking of the carbon bond around the double bond.
This happens because the electrons in the double bond
move more freely, so the double bonds are more
unstable and more easily to react (Wardana et al.,
2018). The properties of the Avocado and Mango seed
oils can be improved by blending and heating the two
oils together. The two oils were taken and different
blends were prepared taking the two oils at a time in
different proportions. The blended oil samples were
analyzed for saponification value, acid value and free
fatty acid (as Oleic acid) by varying the weight of the
two oils taken keeping the weight of the mixture
constant (Table 6). Analysis of saponification values
revealed that the Avocado and Mango seed oil blends
in 1:1, 1:3, 3:1 ratio to have saponification values of
151.47, 214.62 and 162.69 mg KOHY/q), respectively
(Table 5). Moreover, the data revealed that the oil
blends have higher saponification values than the
individual oils of Avocado and Mango seed oils which
have 25.25 and 84.15 mg KOH/g, respectively (Table
5). This might be due to the formation of short chain
fatty acids from long chain polyunsaturated fatty acids
while mixing and heating the two oils together.
Among the mixtures (blends), the one with Avocado
and Mango in a 1:3 ratio (by mass) have higher
saponification value than the 1:1 and the 3:1 ratio. The
saponification values obtained in this study for the two
oil blends showed that the values are comparable with
the  saponification value of Palm oil
(126.22mgKOH/q) reported in literature (Ekop et.al.,
2007). The saponification value of the palm oil was

LEGESSE, A; MENGISTEAB, M.



Assessment of Physicochemical Properties of Laundry Soaps Prepared From Mango.....

126.22mgKOH/g. When the carrot, paw paw, lime and
dye were mixed with different samples of the oil, the
saponification value was increased to 126.88
mgKOH/g, 134.64 mgKOH/g, 131.86 mgKOH/g and
141.62 mgKOH/g, respectively. There was a
significant difference between the saponification value
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of pure palm oil and when it is blended with lime,
Carrot, Parrot and dye, respectively (Ekop et al.,
2007). The saponification value of the oil blends
revealed that the oil blends can be better used in soap
production than using the individual oils.

Table 4. Physicochemical properties of the oil blends

Types of oil Ratio of  Saponification  Acid value %Free fatty
oils (by value acid as Oleic
mass) acid
Avocado + 11 150.86+0.86 31.94+2.44 16.03+1.22
Mango seed
oils
Avocado+ 1:3 212.56+2.91 22.36+0.06 11.22+0.03
Mango seed
oils
Avocado + 31 161.99+0.99 22.48+1.53 11.30+0.79
Mango seed
oils

The acid values of the blends were also analyzed. The
results/data from the study revealed that the acid
values to be 33.66, 22.40, 23.56 mg KOH/g for
Avocado and Mango seed oil blends in a 1:1,1:3 and
3:1ratio, respectively (Table 4). The observed data for
the oil blends indicated that the acid values are higher
than the acceptable limit of edible oil but are useful in
soap production.

The low acid value signifies a maximum purity and
makes it suitable for soap production (Hassan et al.,
2015). The acid value obtained for the 1:3 and 3:1
blends (Table 4) are lower than the acid value obtained
for Avocado and Mango seed oils (Table 4). But the
1:1 oil ratio of Avocado and Mango (Table 4) revealed
higher acid value than the Avocado and Mango seed
oils (Table 4), and also higher than the other two oil
blends which imply that the 1:1 ratio is less appealing
in soap production as compared to the other ratios.

GC-MS Analysis: The analysis of the fatty acids in the
extracted Avocado and Mango seed oils (Ethiopian
varieties of the fruits) samples were carried out using
the GC-MS analyzer (Agilent) in order to detect their
fatty acid compositions. The GC-MS analysis data
(Table 5) revealed that Avocado seed oil consist of
some important fatty acids. These include lauric acid
(1.32%), myristic acid (3.24%), palmitic acid, methyl
palmitate (15.65%), oleic acid (29.39%), linoleic acid
(34.98%), linolenic acid (2.14) and eicosanoic acid
(4.22%). These values are comparable to that of fatty
acid composition of Avocado seed oil (reported in
literature) which consists of linoleic acid (12%), oleic
acid (58%), palmitic acid (20%), and stearic acid, (2%)
and also comparable with palm oil (linoleic acid 10%,
oleic acid 39%, palmitic acid 44% and stearic acid 5%)
(Peter et al., 2015).

Table 5. The major fatty acids derived from hexane extract of Avocado seed oil

S.No Name of the fatty acid MF MW RT SI1%  Content (%)
1 Lauric acid Ci13H2602 214.34 8.326 98 1.32
2 myristic acid ,methyl ester CisH340,  270.45 9.886 98 3.24
3 palmitic acid, methyl palmitate Ci7H340, 27045 11.488 89 15.65
4 palmitic acid, ethyl palmitate C1sH350, 284.48 12.08 99 2.02
5 Oleic acid methyl ester C19H350, 296.49 13.412 99 29.39
6 Linoleic acid CigH0, 29447 13.493 99 34.98
7 Linolenic acid Ci19H30, 292.46 13.654 99 214
8 Eicosanoic acid, methyl ester C21H100, 324.54 16.211 99 4.22

M.F.=Molecular formula, M.W. = Molecular weight, RI= Retention time, SI% = Similarity index.

The GC-MS analysis of Mango seed oil of the
Ethiopian variety revealed the fatty acid composition
to be lauric acid (1.17%), myristic acid (2.79%),
palmitic acid, methyl palmitate (13.67%), oleic acid

(29.53%), linoleic acid (30.85%), linolenic acid
(1.90), phthalic acid (7.10%) and eicosanoic acid
(3.8%) (Table 6). It has been reported that Mango seed
oils consist of major fatty acids that include stearic
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(37.73%), palmitic acid (6.43%), oleic (46.22%),
linoleic (7.33%) and linolenic acids (2.30%). The
types of fatty acids compositions of Mango seed oil
extracted from Ethiopian variety were found to be
comparable with that of Mango seed oil and palm oil
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reported in literature (Joosten, 2007; Peter et al., 2015;
Kittiphoom and Sutasinee, 2013). The data, thus,
suggest that the oils can be used for preparation of soap
products.

Table 6. The major fatty acids derived from hexane extract of Mango seed oil.

S.No Name of the fatty acid MF MW RT SI%  Content (%)
1 Lauric acid Ci3H20, 214.34 8.312 98 1.17
2 myristic acid ,methyl ester CiH30,  270.45 9.873 98 2.79
3 palmitic acid, methyl palmitate C17H340, 270.45 11.474 89 13.67
4 palmitic acid, ethyl palmitate C1H360, 284.48 12.05 99 1.74
5 Oleic acid methyl ester CioH30,  296.49 13.385 99 29.53
6 Linoleic acid Ci9H340, 294.47 13.466 98 30.85
7 Linolenic acid Ci9H3,0, 292.46 13.627 99 1.90
8 Phthalic acid ,di(2propylpentyl) ester CaH30,  390.56 14.831 91 7.10
9 Eicosanoic acid, methyl ester CuH400, 324.54 16.184 99 3.80

Note: M.F.=Molecular formula,M.W.= Molecular weight, RI= Retention time, S1% = Similarity index.

The fatty acid type and compositions data of Avocado
and Mango seed oils of the Ethiopian variety can also
be compared using graph. The oils have comparable
oleic acid contents of 29.39% (Avocado oil) and
29.53% (Mango oil). The Lauric acid, myristic acid,
palmitic acid, Linoleic acid, Linolenic acid contents
were found to be 1.32% and 1.17%, 3.24% and 2.79%,
15.65% and 13.67%, 34.98% and 30.85% and, 2.14%
and 1.90%, respectively, for Avocado and Mango seed
oils (Table 6). The value obtained for the major fatty
acid compositions revealed that Avocado seed oils
have higher fatty acid composition (with higher
molecular mass) than the fatty acid compositions
obtained for Mango seed oils of the Ethiopian variety.
This could imply that the relatively higher molecular
mass composition of Avocado seed oils than that of
Mango seed oils made it to have lower saponification
value than Mango seed oils.

Preparation of Soaps and assessment of their
properties: Soap preparation: Soap is sodium or
potassium salt of fatty acids that is prepared by a
process known as saponification. It can be prepared by
treatment of fat/oil with a solution of sodium
hydroxide or potassium hydroxide. The oils could be
obtained from oil-rich fruits (seeds) such as coconut,
palm oil and olive oil. In line with this fact, oils (and
their blends) extracted from Avocado and Mango
varieties of Ethiopia were used to prepare laundry
soaps. They were prepared by using Avocado seed oil
(Figure 1A) and Mango seed oil (Fig 1B), blends of
Avocado and Mango seed oils in a 1:1 ratio by mass
(Fig 1C), 1:3 ratio by mass (Fig 1D), 3:1 ratio by mass

(Fig 1E) using the procedure mentioned in the
Experimental Section.

The physicochemical properties of prepared soaps:
The physicochemical properties of soaps determine
their quality as well as their efficiency and cleansing
properties. Thus, the physicochemical properties (total
fatty matter content, total alkali content, pH, lathering
and cleaning abilities) of the prepared soaps were
carried out following standard procedures/protocols
reported in literature (Hassan, et al., 2015; Betsy et al.,
2013; Warra et al., 2012; Warra et al., 2010; Lumley
and Colwell, 1991; Ikhuoria et al., 2008).

Total fatty matter of soap materials: The total fatty
matter (TFM) is one of the most important
characteristics describing the quality of soap and it is
always specified in commercial transactions. It is
defined as total amount of fatty matter, mostly fatty
acids that can be separated from a sample after
splitting with mineral acid, usually HCI. TFM serves
as one of the parameters used to grade soap products
as it is good indicator of hardness of such products.
TFM values of soaps can be as low as 50%. Soaps with
TFM values less than 50% are usually associated with
hardness and lower quality (Lumley and
Colwell,1991; EAS, 2013) whereas a soap product
with minimum TFM value of 75% referred as Gradel
and that value of 65% minimum as Grade 2 (Betsy et
al., 2013). The TFM values for the soaps prepared (in
this study) from Avocado and Mango seed oils and
their blends in various proportions were determined
(Table 7).
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Fig 1. Soaps prepared using Mango seed oil (A); Soap from Avocado seed oil (B); Soap from blends of Avocado and Mango seed oils (1:1)
(C); Soap from blends of Avocado and Mango seed oils (1:3) (D); Soap from blends of Avocado and Mango seed oils (3:1)(E). (Photo:
Mengisteab M., April, 2018)

The TFM values of the prepared soaps were found to
be 43.0+1.41, 52+2.82, 59+1.41, 63 + 1.41 and 67 £
1.41, respectively, for Avocado seed oil, Mango seed
oils, Avocado and Mango seed oil blends (1:1),
Avocado and Mango seed oil blends (3:1) and
Avocado and Mango seed oil blends in (1:3) (Table 7).

Table 7. Total fatty matter contents of soaps

S.No  Types of Soap % of Fatty Matter*

1 Avocado 43.0£1.41

2 Mango 52.0+2.82

3 Avocado + Mango(1:1) 59.0+1.41

4 Avocado + Mango(3:1) 63.0+1.41

5 Avocado + Mango(1:3) 67.0+1.41

6 Solar** 67.0£1.41

7 Infinity** 81.0+1.41

8 Pumpkin** 65.0+1.41

9 Palm 78.0 £2.83
*The results are mean of duplicate determination + SD

**Commercial soaps used as reference

The data showed that the TFM values of Avocado and
Mango oil-made soaps to be generally lower than that
of the soaps prepared from oil blends. Moreover, the
value for Avocado oil soap was below the literature
reported minimum value of 50% (EAS, 2013). This
suggests that Avocado oil (if used alone) cannot be
used in production of good quality soap whereas
Mango oil and blends of Avocado and Mango oils (in
any proportion) can be used to prepare soaps of
acceptable quality. This is because their TFM are
above the minimum TFM value (50%).

As shown above, the TFM content of the soaps
prepared from blends of Avocado and Mango seed oils
in different proportion were found to be higher than
the soaps prepared from Mongo oil or Avocado oil
alone. Moreover, the TFM values of soaps prepared
from the oil blends are comparable to the TFM values
of the commercial soaps (Table 7). But these values
are lower than TFM values of commercial soap
infinity (81.0+1.41%) and soap made from palm oil
(78+2.83%) that was prepared using the same
experimental conditions (for the sake of comparison)
with that of Avocado and Mango seed oils.

Comparison of the data with literature reports showed
that TFM values of all the prepared soaps to be higher
than TFM value (36.66 + 0.02%) of Canary melon L.
seed oil-made soap (Taiwo et al., 2008). It is known
that the best blended soap is selected mostly on the
basis of TFM value (Debesh, 2013; Hosakatte et al.,
2014). Thus, in the present study, the TFM value of a
soap made from Avocado + Mango oil (1:3) showed
the highest TFM value (67+£1.41%) that falls in the
range of TFM required for laundry soap (Table 7).
Other soaps prepared from oil blends that showed
appreciable TFM content were the oil blends of
Avocado + Mango oil (3:1) with 63 + 1.41. The oil
blend of Avocado + Mango oil (1:1) also showed a
closer TMF value (59£1.41) to the standard which
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makes it fit for laundry soaps. The data also revealed
that soaps prepared from oil blends to be comparable
to the Grade | pure laundry soap standard (TFM 62%)
reported in literature (EAS, 2013).

Total alkali content of soap materials: The total free
alkali content is the quantity of free caustic alkali and
carbonated alkali expressed as a percentage (m/m) as
either sodium hydroxide for sodium soaps or
potassium hydroxide for potassium soaps. The
composition of sodium or potassium carboxylates
constituting soap depends on the percentage of fatty
acids bonded to glycerol in the original triglycerides.
Solid fats give mixture with higher proportion of
sodium or potassium salts of higher fatty acids
(palmitic acid, stearic acid) and give hard soaps. The
vegetable oils give mixtures with a greater proportion
of unsaturated fatty acids (oleic acid and linoleic acid)
and give soft soaps. According to Bureau of Indian
Standards (BIS), good quality soaps must have less
than 5% of alkali content (BIS, 2013) whereas
according to 1SO specification, soaps should have only
below 2% of alkali content (Betsy et al., 2013). The
total alkali contents determined in this study for the
prepared soaps and the commercial soaps are shown
below (Table 8). Soaps with excess free caustic alkalis
are known to cause skin itching and wearing out of
clothes. The alkaline materials present in the finished
soap include many alkaline components such as
hydroxides, sodium (Il) oxide Na;O, carbonates and
bicarbonates (EAS, 2013). The total alkali contents of
the soaps prepared in this study were found to be 2.0 +
0,1.054+0,1.44+0.03,1.715+0.08,1.77 £ 0.13 for
Avocado seed oil, Mango seed oils, Avocado and
Mango seed oil blends (1:1), Avocado and Mango
seed oil blends (3:1) and Avocado and Mango seed oil
blends in (1:3), respectively (Table 8).

Table 8. Total Alkali Content in the Soap Samples
S.No Soap made % Total alkali

from content*
1 Avocado 20+0
2 Mango 1.054+0
3 Avocado 1.44 +0.03

+Mango(1:1)

4 Avocado 1.715+0.08
+Mango(3:1)

5 Avocado 1.77£0.13
+Mango(1:3)

6 Solar(CS.) 2.528+0

7 Infinity(CS.) 2.15+0.06

8 Pumpkin(CS.) 2.33+0.09

9 Palm 1.78+0.14

*The results are mean of duplicate determination + SD, CS;
Commercial Soap

These values are lower as compared to the values for
commercial soaps such as Solar (2.528 * 0), Infinity
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(2.15 + 0.06) and Pumpkin (2.33 = 0.09) but
comparable with the total alkali content of the soap
prepared from palm oil (1.78 + 0.14%) (Table 8). All
the data obtained in the present study indicates that the
low total alkali contents of the soaps prepared from the
blended Mango and Avocado oils have total alkali
contents that are within the acceptable range of
reported standards of Bureau of Indian Standards
(BIS) that states good quality soaps must have less
than 5% of alkali content whereas according to 1SO
specification, soaps should have only below 2% of
alkali content (1SO685, 1975; Hui, 1996).

The pH value, Foam stability and Cleaning ability of
the soaps: The pH values of the prepared soaps were
determined using a pH meter (Model; PHS-3C DC-6V
300mA). Soaps with pH range of 9 -11 or higher are
considered to be harsh to skin. The pH values obtained
for the prepared soaps were found to be in the pH
range of 9-10 (Table 9). The finding of the study
revealed that the pH values of the prepared and the
commercial soaps are 10.15+0.07, 9.55 + 0.07, 9.75 +
0.07, 9.9+ 0.00 ,9.75+ 0.07, 9.60+ 0.14, 9.65+ 0.07,
9.7+ 0.00, 9.6+ 0.00 for Avocado, Mango, Avocado +
Mango (1:1), Avocado + Mango (3:1), Avocado +
Mango (1:3), Solar, Infinity, Pumpkin and Palm oil
soaps, respectively (Table 9). Moreover, the data
showed the pH values to be comparable to each other.
All the values are lower than pH value (11.03+ 0.02)
of Canary melon seed oil soap reported in literature
(Taiwo et al., 2008). National Agency for Food and
Drug Administration and Control (NAFDAC)
classified pH range 9-11 as higher level for any soap,
and the pH range of 3-5 as low level. This could be
attributed to the incomplete alkali hydrolysis resulting
from the saponification process (Hui, 1996; Umar,
2002). Even though the pH values of the prepared
soaps are higher than the skin friendly pH, their pH
can be regulated during preparation by a process
known as superfatting (Hassan, et al., 2015; Kuntom
et al., 1999; Sylvia and Amir, 2019). This is a process
that involves use of less lye (or more fat) than industry
standards so that there's some leftover oil in the soap
that's not bound to lye. This leaves behind more
unsaponified fat, providing more moisturizing effect
to soap products.

Foam ability has little to do with cleansing ability. It is
of interesting importance to the consumer and is
therefore considered as a parameter in evaluating
soaps (Taiwo et al., 2008). The foam ability obtained
for both groups of soaps (the prepared soaps and the
commercial soaps) were 1.94+0.006, 11.23+0.390,
6.68+0.161, 5.75+ 0.250, 15.23+ 0.256, 14.08+ 0.382,
19.38+ 0.340, 19.23+ 0.252, 18.37+ 0.153 for soaps
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prepared from Avocado seed oil, Mango seed oils,
Avocado and Mango seed oil blend (1:1), Avocado
and Mango seed oil blend (3:1), Avocado and Mango
seed oil blend (1:3), Solar, Infinity, Pumpkin and Palm
oil soaps, respectively (Table 9). Soap prepared from
Avocado seed oil was found to have the least foam

1403

height (1.94+0.006). The foam height obtained for the
soap prepared from Avocado and Mango oil blends
(1:3) was 15.23+0.256 which was found to be
comparable with the commercial soaps and palm oil-
made soap (Table 9).

Table 9. The pH values, Foam heights and Cleansing ability data of the prepared soaps and commercial soap products

S.No  Types of soap pH value* Foam height (cm)* Cleansingability Remark
1 Avocado 10.15+0.07 1.94+0.006 Poor
2 Mango 9.55+0.07 11.23+0.390 High
3 Avocado +Mango(1:1) 9.75+ 0.07 6.68+0.161 Good
4 Avocado +Mango(3:1) 9.9+ 0.00 5.75+ 0.250 Good
5 Avocado +Mango(1:3) 9.75+ 0.07 15.23+ 0.256 High
6 Solar 9.60+ 0.14 14.08+ 0.382 High Commercial
7 Infinity 9.65+ 0.07 19.38+0.34 High Commercial
8 Pumpkin 9.7+ 0.00 19.23+ 0.252 High Commercial
9 Palm 9.6+ 0.00 18.37+0.153 High

*The results are mean of duplicate determination + SD

The cleaning ability of the soaps prepared from
Avocado and Mango seed oils and also from their
blends in various ratios were tested following a
standard procedure reported in literature (Hassan et.al,
2015) and their cleaning abilities were compared with
each other and with the randomly selected commercial
soaps. Analysis of the prepared soaps and the
commercial soaps revealed that the cleansing ability of
the soap prepared from Avocado seed oil is poor and
it cleanses less effectively than the soap prepared from
Mango seed oil. The soap prepared by blending
Avocado and Mango seed oils in (1:3 by mass) was
found to have comparable cleansing ability with that
of the commercial soaps and with the soap prepared
from palm oil. It also cleanses more effectively than
that of other combination of the two oil blends (Table
9).

Conclusions: The seeds Avocado and Mango seeds
were collected from cafes and restaurants and oils
were extracted by using solvent n-hexane applying
Soxhlet extraction techniques. The oils were used in a
separately or in a blended form to prepare laundry
(bar) soaps. The physicochemical properties of the
prepared soaps indicated that they have acceptable
quality or comparable properties with the
commercially available soaps. It can also be concluded
that the soap prepared by blending of Avocado and
Mango seed oils in a 1:3 ratio (by mass) was found to
be the best quality soap among the prepared soaps. So,
it can also be concluded that the blend of Mango and
Avocado seed oils can be used as potential sources of
oil for soap production.
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