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Abstract The effects of extracting solvents on the physicochemical properties of vegetable oils 
extracted from four oil seed plants, namely Dennettia tripetala, Dacryodes edulis, Cola rostrata, 
and Persea americana, were studied. Vegetable oils were extracted using the Soxhlet method. The 
oils were used for determining % yield, acid value (AV), iodine value (IV), saponification value 
(SV), electrical conductivity (EC), and pH. The results revealed that the range of the mean % yield 
of oils extracted using hexane, carbon tetrachloride (CCl4), petroleum ether, acetone, and methanol, 
respectively, were 7.5-12.0, 9.0-22.0, 7.5-27.5 and 12.0-37.5 for the four oil Seeds respectively. 
Mean AVs of oils in mg KOH/g across the solvents were 3.1-3.7, 3.1-3.8, 2.5-3.9 and 2.4-2.8 for 
Cola rostrata, Dacryodes edulis, Dennettia tripetala and Persea americana respectively. Mean IVs 
of oils in gI2/100 g across the solvents were 33.25-33.97, 33.06-33.35, 32.06-33.76 and 33.00-34.00 
for the four oil seeds, respectively. Mean SVs in mg KOH/g across the solvents were 191.00-197.44, 
190.74-198.31, 194.11-202.52, and 182.23-199.44, respectively. Mean EC values ranged 0.31-0.32, 
0.30-0.33, 0.30-0.33, and 0.31-0.32 μS/cm across the solvents, respectively. Mean pH values ranged 
from 6.1-6.4, 4.6-6.3, 6.2-6.4, and 6.1-6.3 across the solvents for the oils, respectively. The AVs 
of the oils suggest that they are edible oils, the IVs classify the oils as non-drying oils suitable 
for paint making, and SVs reveal that the oils are good for soap making. Hexane, petroleum ether, 
and CCl4 are suitable for oil extraction industrially, while D. edulis, D. tripetala, and P. Americana 
oils are economically viable oil resources due to their high percentage yield, SV and IV.
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1. Introduction 
Fruit seeds are the by-product of fruit processing into juice and other products. Despite being 

treated as waste, fruit seeds contain oil with health benefits comparable or even higher than the 
conventional seed oil from field crops (Kaseke et al., 2020). Seed oils are crude fats extracted 
from plant seeds, and they are important ingredients in many foods, medicine, cosmetics, fuel 
(Biodiesel), etc. (Vermaak et al., 2011). Nigeria is blessed with many oil seeds which are good 
supplements in food, oil paints, cosmetics, and other industrial purposes (Onyeike and Acheru, 
2002). Examples of such seeds include soybean seed oil, tiger nut oil, peanut oil, palm oil, palm 
kernel oil, etc. Their yields, composition, and types of extraction solvents used determine their 
usefulness in various applications (Aluyor and Ori-Jesu, 2008). According to Roy et al. (2022), 
vegetable seeds that often constitute a hefty share in food waste generation, can be valorized as 
a food fortification and/or preservation agent. That is, vegetable seeds often discarded as waste 
can be processed and converted into valuable substances. Fruit seeds are leftovers from a variety 
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of culinary sectors. These seeds not only possess various 
nutritional attributes but also have many health-beneficial 
properties. One way to make use of these seeds is to extract 
their bioactive components and create fortified food items 
(Roy et al., 2024). One of the nutritional attributes and or 
bioactive components of seeds that can be extracted is oil or 
fatty acids.

Extraction of seed oils can be done through many methods 
such as ultrasonic-assisted extraction, microwave-assisted 
extraction, mechanical extraction, supercritical fluid extraction, 
aqueous enzymatic oil extraction, and also Soxhlet extraction 
(Felix and Clement, 2011). Soxhlet extraction method helps 
to recover a component from either a solid or liquid, and it 
is straightforward and inexpensive (Luque-Garcia and Luque 
de castro, 2004). Extracting solvents are liquids used to 
remove or separate some components from a substance during 
the extraction process. Examples are methanol, hexane, 
acetone, carbon tetrachloride, diethyl ether, petroleum ether, 
ethanol, etc. This research focuses on the extraction of 
Dennettia tripetala seed, Dacryodes edulis seed, Cola rostrata 
seed and Persea americana seed through the Soxhlet 
extraction method using methanol, hexane, acetone, carbon 
tetrachloride, and petroleum ether as solvents.

Cola rostata, commonly called monkey cola in Nigeria 
and “Ndiya” in Southern Nigeria, belongs to the genus Cola, 
which is the largest genus of the sterculiaceae family of 
flowering plants. Cola rostrata, commonly known as monkey 
cola, is from the k. schum species, a member of malvaceae 
family, malvales order, and also from the genus of Cola. 
Cola rostrata fruits are edible and have a sweet taste, the 
seed is reddish brown in color, and the fruit and seed of C. 
rostrata have not been reported to be used in folk medicine 
(Emmanuel et al., 2013). Cola gigantean leaves, as reported 
by Idu et al. (2010), help to improve the supply of blood in 
the body. 

Dacryodes edulis known commonly as African pear, is 
always available for about six months in a year (Eka, 1997). 
D. edulis commonly called African or native pear is of the 
D. edulis species, spindales order, burseraceae family, and a 
genus of Dacryodes. Some animals feed on the seeds of 
native pears, while humans eat them when raw, roasted, or 
boiled in hot water (Kadji et al., 2016). African pear can be 
used as an alternative source of fats and oil for both domestic 
and industrial use. The oil of African pear contains linoleic 

acid, which is a vital polyunsaturated fatty acid that helps in 
the prevention of vascular heart diseases (Ajiwe et al., 1997), 
and it also has a greater amount of oxidative stability.

Dennettia tripetala, known as pepper fruit, belongs to the 
magnoliate order; it’s a member of the annonaceace family; 
it is uvaropsis genus and uvariopsis tripetala species. D. 
tripetala, commonly called pepper fruit, is cultivated throughout 
the tropical rainforest region of West Africa. It is red when 
ripped and green when unripe and has a spicy, pungent taste; 
the pepper fruit plant flowers at the beginning of the rainy 
season, especially during the months of April and May 
(Umoh, 1998). It is used traditionally for the entertainment 
of guests in Igbo land, Nigeria. Oyemitan et al. (2008) 
reported that the essential oil from D. tripetala contains 
anti-inflammatory and analgesic properties, as a result of this, 
the essential oil can be used for reducing body inflammation 
and pain. 

Persea. Americana, commonly known as avocado, is a 
member of the Lauraceae family; it’s of the Lauralis order, 
persea genus, and P. americana species. P. americana (Avocado) 
is among the plants contributing to health improvement due 
to the presence of bioactive chemicals that are essential to 
health (Okwu, 2001; Okwu and Morah, 2004). The biological 
effects of avocado seed extracts include its use as an 
anti-cancer agent (Abubakar et al., 2017).

The seeds of D. edulis (African pear) were also studied 
and reported by Obasi and Okolie (1993) to contain 76 kg-1 
of carbohydrates, 126 kg-1 of lipids, and a high crude fiber 
of 273 kg-1. Arisa and Lazarus (2008) investigated the 
possibility of producing good quality oil from the seeds of 
D. edulis (African pear) and reported the oil content of the 
native pear seed to be 50%, with an acid value of 9.6 mg 
KOH/g, saponification value of 172.8 mg KOH/g and iodine 
value of 33 mL/g. Thus the oil produced can be classified 
as a non-drying oil because of its range of iodine value. 

According to Shirana et al. (2011), the soxhlet extraction 
of Jatropha curcas L. seed oil gave a maximum yield of 75% 
with hexane when compared with other solvents, Isopropanol 
yielded 59% of the seed oil while petroleum ether gave 53% 
yield. In search for alternative solvents for Moringa oleifera 
seeds extraction among hexane, isopropyl alcohol, and 
petroleum ether within a time range, the highest oil yield was 
obtained with petroleum ether followed by hexane before 
isopropyl alcohol (Efeobokhan et al., 2015). There is also a 
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report in which isopropyl alcohol yielded 94.7% while 
petroleum ether gave a yield of 72% in the extraction of 
coconut seed oil (Okene and Evbuomwan, 2014). 

Despite the use of some of these seed oils extracted using 
different methods or some solvents domestically, there is at 
present little or no information or reports on the comparative 
effect of extracting solvents on the seed oils properties and 
the suitability of extracting solvents for a specific oil 
property and a particular industrial use over a wide range of 
different extracting solvents. The objective of this study is to 
determine the percentage yield and physicochemical properties 
of C. rostrata, D. edulis, D. tripetala, and P. americana seed 
oils extracted using five different solvents and determine 
their suitability for domestic or industrial use. Also, to 
compare their properties with palm kernel oil (PKO) that is 
usually used industrially and analyze the effect of extracting 
solvents on the oil properties and the suitability of a particular 
extracting solvent for a particular property and industrial use. 
This will provide a guide to solvent selection for seed oil 
extraction for a specific purpose.

2. Materials and methods

2.1. Sample collection 
Fresh, ripped, and matured fruits of Cola rostrata, 

Dennettia tripetala, Dacryodes edulis, and Persea americana 
were obtained from Akim- Akim in Odukpani Local Government 
Area of Cross River State and were identified at the Herbarium 
Centre of Botany Department, University of Calabar, Nigeria.

2.2. Sample preparation
The fruit samples were taken to the laboratory of the 

Department of Pure and Applied Chemistry, University of 
Calabar, Nigeria, where they were peeled to get the seeds. 
The fresh seeds were washed with distilled water, sliced 
where applicable, and dried in an oven at 60℃ for 2 days 
(gradual drying) before being ground into powder. The 
powdered form of each sample was used for the extraction 
of oil (Akpe and Inezi, 2018).

This was done according to the procedures of (AOAC, 
1998) where 100 g of each powdered dry seed sample was 
weighed, wrapped with filter paper and transferred into the 
thimble of the Soxhlet extractor fitted on a 250 mL round 
bottom flask containing 120 mL of the solvent (either hexane, 

petroleum ether, CCl4, acetone or methanol, all produced 
from British Drug House, Poole, England) and anti-bombing 
granules. The flask was connected to a reflux condenser and 
placed on an electric heater at a temperature of 40-60℃ to 
reflux for 5 hours. After this period, the thimble was removed 
from the Soxhlet with the defatted sample, and the solvent 
was evaporated off the flask using a water bath at 30℃. The 
lipid extract in the flask was then cooled in a desiccator, 
weighed, and labeled.

2.3. Percentage yield 
The percentage yield of each of the solvents used was 

measured as its extraction efficiency, which is the ratio 
between the actual or experimental value and the theoretical 
value. The actual yield is the amount of product actually 
obtained from the chemical reaction or experiment carried 
out. The theoretical yield (predicted yield) is the amount of 
product that could possibly be produced in a given reaction, 
calculated according to the starting amount of the limiting reagents.

Percent yield Theoretical valueExperimental value × (1)

Where, Experimental value = oil weight; Theoretical 
value = sample weight.

2.4. Physicochemical analysis
The physicochemical analysis deals with both the physical 

and chemical properties of the oil. The physical properties 
analyzed in the course of this research work were temperature, 
pH, and conductivity, while the chemical properties analyzed 
were the acid value, iodine value, and saponification value.

2.4.1. Acid value (AV) 
Five grams (5 g) of oil extract was weighed accurately into 

labeled conical flasks, 50 mL of 95% ethanol was boiled in 
a second flask, and while still above 70℃, it was neutralized 
with 0.1 M KOH using phenolphthalein indicator (2 drops). 
The neutralized ethanol was poured into the flask containing 
the oil extract, and the contents of the flask were mixed 
while still hot. The mixture was titrated with 0.1 M KOH 
with vigorous shaking during the titration. The endpoint of 
the titration was detected when the addition of a single drop 
of phenolphthalein produced a slight but definite color change 
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which persisted for about 20 sec (AOAC, 2002).

Acid value W× V×N (2)

Where 
W: The weight of the oil extract sample in grams
V: Volume in mL of potassium hydroxide
N: Normality of potassium hydroxide 

2.4.2. Iodine value (IV) 
One gram (1 g) of the oil extract was accurately weighed 

and dissolved with 10 mL of CHCl3 in a glass stoppered 
flask, 25 mL of Hanus’ iodine solution was added with the 
help of a pipette filled by suction with a rubber bulb. The 
blank determination was conducted in all respects, similar to 
that of the sample. The mixture was well mixed by swirling 
and was allowed to stand at room temperature for 30 minutes 
in a dark cabinet with occasional swirling. After 30 minutes, 
the mixture was removed from the dark cabinet and 10 ml 
of 15% KI solution was added, 50 mL of water was added 
to the mixture. The mixture was titrated with standard 0.1 N 
sodium thiosulphate solution using 50 mL burette until the 
yellow color of the solution was almost colorless; at this 
point, 2 mL of starch solution was added, which turned the 
solution to a deep blue color. The completion of the reaction 
was indicated by the disappearance of the blue starch iodine 
color, mixing well during the final stages of titration.

Iodine value WX Y×N×  (3)

Where
X: Volume in mL of sodium thiosulphate solution required 

for blank titration
Y: Volume in mL of sodium thiosulpate solution required 

for sample
N: Normality of the sodium thiosulphate solution
W: Weight of sample 
12.69: Miliequivalent weight of Iodine

2.4.3. Saponification value (SV) 
One gram (1 g) of the oil extract was weighed and put into 

a 250 mL round bottom flask. Twenty-five mL of methanolic 
KOH was added to the flask content. The flask was then 
connected to a reflux condenser and refluxed in a water bath 

for one hour, care was taken to ensure adequate and complete 
saponification by swirling the contents of the flask at frequent 
intervals. The flask was removed from the boiling water after 
one hour. To each flask, 3 drops of phenolphthalein indicator 
were added, and the content was titrated against standard 0.5 
M hydrochloric acid when it was still hot. A blank titration 
was carried out with the same quantity of methanolic KOH 
solution under the same conditions (AOCS, 1993).

Calculation:

Saponification value W×M × Y Z (4)

Where
M: Molarity of HCl in Mol/dm3

Y: Volume of HCl required for blank titration in mL
Z: Volume of HCl required for real titration in mL
W: Weight of oil extract sample taken in grams

2.4.4. Determination of electrical conductivity
The conductivity meter (4510 JENWAY, Bibby Sci. Ltd., 

Dunmow, England) was used, and the probe was dipped into 
the sample after rinsing with distilled water. The value was 
read and recorded.

2.4.5. pH determination 
The pH meter (pH meter SD20, Mettler-Toledo, India.) 

was used for the determination; the pH meter probe was 
dipped into the sample, and the value was recorded after 
stabilization.

2.5. Statistical analysis
Five replications of the experiment were carried out for 

each measured value, and the data was reported as the mean 
±standard deviation (SD) (n=5), in the Table of results. IBM 
SPSS Version 20 software was used to carry out one-way 
ANOVA and significant tests (Duncan’s new multiple range 
test) on the data obtained from the experimental procedure at 
p<0.05. The significance indication was also stated using 
superscript letters of alphabets in the Tables. 

3. Results and discussion 
The results of the physicochemical analysis of Cola 

rostrata, Dacryodes edulis, Dennettia tripetala, and Persea 
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americana seed oils are shown in Tables 1-5.

3.1. Percentage yield
The results of the percentage yield of the seed oils of C. 

rostrata, D. edulis, D. tripetala, and P. americana extracted 
with acetone, carbon tetrachloride, hexane, methanol, and 
petroleum ether are shown in Table 1.

The oil content of C. rostrata, when extracted with 
acetone, was 8% (Table 1). The results showed that C. 
rostrata seed oil extracted with hexane, carbon tetrachloride, 
petroleum ether, acetone, and methanol yielded 7.5%, 7.5%, 
8.0%, 9.0%, and 12.0% respectively. From the result, it was 
observed that more oil was extracted with methanol, followed 
by acetone and petroleum ether. The results obtained were 
higher than the percentage yield of 6.55%, 4.95%, 1.24%, 
0.64%, and 0.21% of C. rostrata obtained by Odion et al. 
(2013) when extracted with petroleum ether, chloroform, 
ethyl acetate, and butanol respectively. This variation in % 
yield could be due to the polarity difference of the solvents 
used. From the results obtained (Table 1), it can be said that 
hexane and carbon tetrachloride are not very good solvents 
for Cola rostrata seed oil extraction due to low % yield, 
especially when compared with that reported for Allium 
satulum L oil (22.5%) and Lagenaria siceraria seed oil 
(39.22%) extracted using hexane (Garfar et al., 2012; Sani 
and Hassan, 2007).

The results of the oil content for D. edulis seeds are 
presented in Table 1. The percentage yield shows that 
extraction of oil using acetone, carbon tetrachloride, hexane, 
methanol, and petroleum ether yielded 20%, 9%, 22%, 11%, 
and 22% of oil respectively. Apart from the fact that D. 
edulis seed appears oily, hexane and petroleum ether gave a 
higher oil yield (22%) after the extraction process. 

The result obtained for the oil content of D. tripetala seed 
(Table 1) shows that the highest yield obtained was by 
extraction with methanol (27.5%) followed by hexane (17%), 
acetone (16%) and petroleum ether (16%) the least oil yield 
was seen in the extraction with carbon tetrachloride (7.5%). 
The result shows that methanol is a better solvent for D. 
tripetala seed oil extraction. These results obtained are lower 
than those reported by Swaroopa et al. (2013) on the 
comparative extraction of castor seed oil using polar and 
non-polar solvents; from their result, using 20 g of seeds, 
hexane yielded 43.9%, petroleum ether 42%, and methanol 
yielded 46.9%. The result indicated methanol as a better 
solvent for both D. tripetala seed and carrot seed oils 
extraction. These variations could be a result of the polarity 
difference of the extracting solvents or the lipids content of 
the oil seeds.

The oil content of P. americana, as shown in Table 1, has 
the highest yield of 27.5% when extracted with hexane. The 
difference in the amount of oil extracted could be due to the 
polarity difference of the solvents or the fatty acids 
composition of the oil seeds. Extraction with methanol 
yielded 27.0%, while that of acetone gave 16.8% oil yield; 
the result also showed that a yield of 21% was obtained when 
extracted with petroleum ether, while the least yield of 12.0% 
was from the extraction with carbon tetrachloride. From the 
result obtained, the values are closely similar to that of the 
percentage oil yield of cottonseed oil (15.0-24.0%), soybeans 
(17.0-21.0%), safflower (25.0-40.0%), and mustard (24.0- 
40.0%) (Pritchard, 1991). This similarity could be due to the 
fatty acid composition of the oil seeds.

However, the oil contents of the seed oils in the present 
study are highly lower than the percentage yield of Moringa 
peregrina seed oil (49.80%) reported from Saudi Arabia 

Table 1. Percentage (%) yield of oil extracts using different solvents

Sample Hexane CCl4 Petroleum ether Acetone Methanol

Control1) 27.00±0.202)b3) 23.50±0.10a 26.00±0.20b 23.00±0.10a 24.00±0.20a

Cola rostrata 7.50±0.10a 7.50±0.10a 8.00±0.20a 9.00±0.10b 12.00±0.20c

Dacryodes edulis 22.00±0.20c 9.00±0.20a 22.00±0.10c 20.00±0.20b 11.00±0.20a

Dennettia tripetala 17.00±0.20b 7.50±0.10a 16.00±0.10b 16.00±0.20b 27.50±0.20c

Persea americana 27.50±0.20d 12.00±0.20a 21.00±0.10c 16.80±0.10b 27.00±0.10d

1)Commercial palm kernel oil (PKO).
2)Values are mean±SD (n=5).
3)Different superscript letters (a-d) indicate significant differences (p<0.05) between values in the same row by the Duncan’s multiple range test.
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(Tsaknis, 1998) but slightly lower than the commercial PKO 
used industrially with mean 28% yield as reported by 
Akubugwo and Ugborgu (2007). For solvent output results 
generally, hexane > petroleum ether > methanol > acetone > 
CCl4. Non-polar solvents tend to extract more oil, generally 
except in a few cases. There was a significant difference in 
the % yield of seed oils extracted with hexane and petroleum 
ether compared to others. 

3.2. Acid value
The results of the acid value for C. rostrata seed oil 

extracted with acetone, carbon tetrachloride, hexane, methanol, 
and petroleum ether are presented in Table 2.

The results indicate that the acid value content of C. 
rostrata, D. edulis, D. tripetala, and P. americana seed oils 
was within 4 mg KOH/g acid value of oil suitable for edible 
purposes (Tan et al., 2002) as recommended by the Codex 
alimentarius for oil seeds (Abayeh et al., 1998), the values 
were lower than 14.0 mg KOH/g for palm kernel oil (PKO) 
by (Akubugwo and Ugborgu, 2007) similar to that used as 
control in this study, but greater than 0.50 mg KOH/g 
recommended for biodiesel (Arisa and Lazarus, 2008). The 
acid value gives an indication of the quality of fatty acids in 
oil (Gordon, 1993). The low acid values of the seeds indicate 
that the oil will be stable over a long period of time and is 
protected against rancidity and peroxidation, which may be 
a result of the presence of natural antioxidants in the seed, 
such as vitamin C and Vitamin A (Aremu et al., 2015). Acid 
value also indicates the edibility of an oil and its suitability 
for use in the paint and soap industries (Aremu et al., 2006).

However, a high acid value in oil indicates that the oil 
may not be edible but be useful for paint and soap production 
(Akintayo, 1997, Aremu et al., 2006), uses of acid value for 

biodiesel must be greater than the value of 0.50 mg KOH/g 
while appreciable acid value of oils is an indication of 
poisonous substance in the seed (Aremu et al., 2006). The 
acid value of the seed oils was in the order: C. rostrate > 
D. edulis > D. tripetala > P. Americana. For solvent output 
results, CCl4 > petroleum ether > hexane > acetone > methanol 
in decreasing order. This could be due to the polarity 
difference of the solvents or the fatty acids composition of 
the oil seeds. There was no significant difference in the acid 
values of the oils except for the CCl4, petroleum ether, and 
hexane extracts of some seed oils.   

3.3. Iodine value 
The results of the iodine value for C. rostrata, D. edulis, D. 

tripetala, and P. americana seed oils are shown in Table 3.
According to Ugbogu et al. (2013), iodine value is a 

measure of the unsaturated levels in fats and oils. High iodine 
values (95.00±1.00) in J. Curcas oil is an indication of the 
presence of high unsaturated fatty acids such as oleic and 
linolelic acid (Emil et al., 2010), The values obtained in the 
results are lower than iodine value of melon seed of 124.5 
gl2/100 g (Das et al., 2002). This could be due to the 
difference in the fatty acids composition of the oil seeds. 
High iodine values are usually above 190 gl2/100g, iodine 
values between 80 gl2/100 g-130 gl2/100 g indicate a semi-dry 
oil, while a non-drying oil has iodine value below 80 gl2/100 
g (Fekarurhobo et al., 2009; Fernando and Akujobi, 1981). 
However, the results obtained for the four seed oils are 
higher than 16.00 gl2/100 g reported by Bwade et al. (2013) 
for pumpkin seed oil, 26.09 gl2/100 g reported by (Ogunsuyi 
and Daromola, 2013) for Almond seed oil and 20.30 reported 
by Belewu et al. (2010) for Jatropha curcas seed oil and 
even higher than 18.30 for the conventional PKO used 

Table 2. Acid value of oils extracted using different solvents in mg KOH/g

Sample Hexane CCl4 Petroleum ether Acetone Methanol 

Control1) 14.50±0.502)b3) 13.00±1.00a 14.00±0.50b 13.00±1.00a 13.50±0.50a

Cola rostrata 3.70±0.10b 3.70±0.20b 3.70±0.10b 3.10±0.10a 3.50±0.20b

Dacryodes edulis 3.40±0.10b 3.60±0.10c 2.60±0.10a 3.10±0.20b 3.80±0.20c

Dennettia tripetala 3.20±0.10b 2.70±0.10a 3.90±0.20c 3.80±0.20c 2.50±0.20a

Persea americana 2.60±0.10a 3.20±0.20b 2.80±0.10a 2.70±0.10a 2.40±0.20a

1)Commercial palm kernel oil (PKO).
2)Values are mean±SD (n=5).
3)Different superscript letters (a-c) indicate significant differences (p<0.05) between values in the same row by the Duncan’s multiple range test.
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industrially (Akubugwo and Ugborgu, 2007), and similar to 
that used as control in this study. These variations are possible 
because different oil seeds have different fatty acid content. 
For iodine value, the seed oils were in the order of D. 
tripetala > D. edulis > P. Americana > C. rostrata. For 
solvent output results, CCl4 > petroleum ether > methanol > 
hexane > acetone in decreasing order. However, the difference 
between methanol and hexane was not significant as far as 
iodine value is concerned. This slight variation in iodine 
value could be due to the polarity difference of the solvents 
or the fatty acids composition of the oil seeds. There was no 
significant difference in the iodine values of the seed oils, 
except carbon tetrachloride extracts of D. tripetala, D. edulis, 
and P. americana.

3.4. Saponification value
The results obtained for the saponification values of C. 

rostrata, D. edulis, D. tripetala, and P. americana are 
presented in Table 4. The result shows that the mean 
saponification values for C. rostrata were 193.0, 192.0, 
197.44, 191.00, and 190.46 mg KOH/g when extracted using 
hexane, carbon tetrachloride, petroleum ether, acetone, and 
methanol respectively. The values obtained for C. rostrata 
were higher than 140.3 mg KOH/g for Tallow oil (Warra et 
al., 2010) and 179.52 and 185.00 mg KOH/g for Cypenus 
esculentum oil extracted using hexane reported by (Akpe and 
Inezi, 2018) and (Hassan et al., 2007), respectively. D. edulis 
seed oil showed mean saponification values of 190.74, 
196.74, 192.00, 192.14, and 198.31 mg KOH/g when 
extracted using hexane, carbon tetrachloride, petroleum ether, 
acetone, and methanol, respectively. The values obtained for 
D. edulis seed oil are lower than 246.60 mg KOH/g, as 

reported by Akubugwo and Ugbogu (2007), and 249.90 mg 
KOH/g for PKO was used as a control in this study. The 
values obtained are comparable to soybean seed oil (192.30 
mg KOH/g) reported by Akanni et al. (2005) and 195.0 mg 
KOH/g for groundnut seed oil (Ayoola and Adeyeye, 2010).

The mean saponification values for D. tripetala oil extracted 
using hexane, carbon tetrachloride, petroleum ether, acetone, 
and methanol shown in Table 4 were 202.52, 201.96, 194.11, 
198.32, and 196.35 mg KOH/g respectively. The results 
obtained are comparable to that of African bush mango 
(202.90 mg KOH/g) reported by Igwenyi (2014) and 194.80 
mg KOH/g (Melon seed oil) reported by Egbebi (2014).

The mean SVs for P. americana seed oil extracted using 
acetone, carbon tetrachloride, hexane, methanol, and petroleum 
ether as shown in Table 4, were 189.34, 182.23, 199.44, 
198.32, and 196.71 mg KOH/g respectively. Also, from the 
result (Table 4), it is observed that the highest saponification 
values were obtained from D. tripetala (201.96 mg KOH/g 
and 202.52 mg KOH/g) when extracted with carbon tetrachloride 
and hexane respectively while the least saponification values 
of 182.23 and 190.46 mg KOH/g were obtained for carbon 
tetrachloride extraction of P. americana and C. rostrata 
respectively. The saponification value of the seed oils was in 
the order: D. tripetala > P. Americana > D. edulis > C. 
rostrata. For solvent output results generally, hexane > CCl4 
> petroleum ether > methanol > acetone in decreasing order. 
This trend may be due to the lipids content of the oil seeds 
or the polarity difference of the extracting solvents. Seed oils 
for soap making may be extracted using hexane, CCl4, and 
petroleum ether because of the high saponification value of 
their oil extracts. There was a significant difference in 
saponification values of seed oils extracted with hexane, 
CCl4, and petroleum ether. This may be due to the natural 

Table 3. Iodine value of oils extracted using different solvents in gl2/100 g

Sample Hexane CCl4 Petroleum ether Acetone Methanol 

Control1) 18.10±0.502)b3) 16.10±1.00a 17.60±1.00b 16.20±0.50a 16.40±1.00a

Cola rostrata 33.25±0.15a 33.46±0.13a 33.97±0.13b 33.38±0.12a 33.63±1.02a

Dacryodes edulis 33.06±0.14a 34.10±0.15b 33.21±0.11a 33.35±0.15a 33.21±0.13a

Dennettia tripetala 33.06±0.12a 34.10±0.10b 33.76±0.14a 32.70±0.13a 33.50±0.10a

Persea americana 33.26±0.04a 34.00±0.15b 33.55±0.50a 33.00±0.13a 33.00±0.14a

1)Commercial palm kernel oil (PKO).
2)Values are mean±SD (n=5).
3)Different superscript letters (a,b) indicate significant differences (p<0.05) between values in the same row by the Duncan’s multiple range test.
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fatty acid composition of the oil seeds or the polarity 
difference of the extracting solvents.

3.5. pH
The mean pH values of the different seed oils are shown 

in Table 5. The result shows that D. edulis seed oil has a pH 
of 4.4-6.1. Oils extracted with methanol gave the lowest 
value of 4.4, with carbon tetrachloride giving a pH of 4.6, 
acetone gave 5.2, while petroleum ether and hexane gave 6.0 
and 6.1, respectively.

C. rostrata seed oil extract shows slight acidity from the 
pH values (Table 5). The pH of 6.1, 6.4, 6.1, 6.3, and 6.2 
was recorded for C. rosrtata seed oils extracted with 
methanol, carbon tetrachloride, hexane, acetone, and petroleum 
ether, respectively.

D. tripetala seed oil extract shows pH of 6.3, 6.2, 6.2, 6.4, 
and 6.3 using methanol, carbon tetrachloride, hexane, acetone, 
and petroleum ether, respectively.

The pH range for P. americana seed oil was 6.1-6.3. The 
result shows pH of 6.2, 6.3, 6.2, 6.3, and 6.1 for P. americana 
seed oils extracted with methanol, carbon tetrachloride, hexane, 
acetone, and petroleum ether, respectively. The slight and 
insignificant variation in pH may be due to the polarity 
difference of the solvents or the nature of the fatty acids in 
the oil seeds.

Since pH indicates the level of acidity and alkalinity, it 
ranges from 1 to 14 and pH less than 7 is considered to be 
acidic, while pH more than 7 is said to be alkaline, pH at 
point 7 is neutral. The results showed that the seed oils were 
slightly acidic since the pH values were mostly between 6.0- 

Table 4. Saponification value of oils extracted using different solvents in mg KOH/g

Sample Hexane CCl4 Petroleum ether Acetone Methanol 

Control1) 245.50±1.002)a3)      241.60±1.00b 245.40±0.60b 241.40±0.50a 242.10±0.50a

Cola rostrata 193.00±1.04b 192.00±1.08b 197.44±1.06c 191.00±0.55a 190.46±1.04a

Dacryodes edulis 190.74±0.36a 196.74±1.00c 192.00±1.05b 192.14±1.02b 198.31±1.04c

Dennettia tripetala 202.52±1.03c 201.96±1.16c 194.11±0.50a 198.32±1.03b 196.35±1.05b

Persea americana 189.34±1.06b 182.23±1.12a 199.44±1.10c 198.32±1.02c 196.71±1.03c

1)Commercial palm kernel oil (PKO).
2)Values are mean±SD (n=5).
3)Different superscript letters (a-c) indicate significant differences (p<0.05) between values in the same row by the Duncan’s multiple range test.

Table 5. Conductivity (μS/cm) and pH of oils extract using different solvents

Sample Property Hexane CCl4 Petroleum ether Acetone Methanol 

Control1) Cond. 0.30±0.012)a3)   0.27±0.02a 0.31±0.02b 0.28±0.01a 0.29±0.01a

pH 5.10±0.10b 4.80±0.10a 5.00±0.20b 4.90±0.10a 4.70±0.20a

Cola rostrata Cond. 0.32±0.01a 0.31±0.02a 0.31±0.02a 0.32±0.01a 0.32±0.03a

pH 6.10±0.10a 6.40±0.10a 6.20±0.10a 6.20±0.10a 6.10±0.20a

Dacryodes edulis Cond. 0.30±0.03a 0.31±0.01a 0.30±0.02a 0.33±0.02a 0.32±0.02a

pH 6.10±0.20c 4.60±0.10a 6.30±0.10c 5.20±0.10b 4.40±0.20a

Dennettia tripetala Cond. 0.33±0.01a 0.30±0.02a 0.30±0.01a 0.32±0.02a 0.32±0.02a

pH 6.20±0.10a 6.20±0.10a 6.30±0.20a 6.40±0.10a 6.30±0.20a

Persea americana Cond. 0.31±0.02a 0.31±0.02a 0.32±0.03a 0.32±0.03a 0.32±0.03a

pH 6.20±0.10a 6.30±0.10a 6.10±0.10a 6.10±0.20a 6.20±0.20a

1)Commercial palm kernel oil (PKO).
2)Values are mean±SD (n=5).
3)Different superscript letters (a-c) indicate significant differences (p<0.05) between values in the same row by the Duncan’s multiple range test.
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6.4, except for D. edulis, which is a little more acidic with 
a pH range of 4.4-4.6. These values were slightly higher than 
PKO used as a control in this study, as its values ranged 
between 4.7-5.1 across the solvents. The slight acidity of 
most oils is an indication that they can be edible, as they 
naturally contain fatty acids. Highly acidic oils are not edible 
except after alkaline refining. The pH values obtained are 
higher than 3.6 (Leganeria breviflora) and 5.70 (Colocynthis 
citrullus) seed oils reported by Taiwo et al. (2016). The result 
is in the close range and slightly higher than 5.30 (Brachystegia 
eurycoma), 5.65 (Cucurbita pepo), 5.59 (Luffa cylindrical), 
and 6.07 (Cucumis melo) reported by (Ibeto et al., 2012). All 
the seed oils had no significant difference in their pH across 
the solvents except D. edulis. 

3.6. Electrical conductivity 
The electrical conductivity of the different seed oil extracts 

is also shown in Table 5. The result shows the seed oil 
conductivities to be between 0.30-0.33 μS/cm across the 
solvents. The mean range of values were 0.31-0.32, 0.30- 
0.33, 0.30-0.33, and 0.31-0.32 μS/cm for C. rostrata, D. 
edulis, D. tripetala, and P. americana, respectively, across 
the solvents. These values were slightly higher than PKO 
used as a control in this study, as its values ranged between 
0.27-0.31 across the solvents. There was no significant 
difference in the electrical conductivity of the seed oils across 
the solvents. Conductivity is used to determine whether a 
substance is an electrical conductor or an insulator. Electrical 
conductivity is also an indication that the oil contains mobile 
ions or free radicals. The presence of radicals in oils can 
make them prone to decomposition of fatty acids, leading to 
fast deterioration. The mean conductivity values of the seed 
oils were generally low, and there is no available data for 
comparison at the moment. The low values of the seed oils 
indicate that they are poor conductors. For other physical 
properties, the oils were generally bright in color and attractive, 
non-offensive in odor, and liquid at room temperature. 

4. Conclusions
The results of this study revealed that D. edulis and P. 

americana seeds were better oil sources than D. tripetala and 
C. rostrata based on percentage yield. The acid values of the 
four seed oils suggest that they are edible oils irrespective of 

the extracting solvent; the iodine value classifies the seed oils 
as non-drying oils (suitable for paint making, especially with 
dehydration), and the SV reveals that the oils are good for 
soap making. The four seed oils compete favorably with 
PKO used industrially in some properties, especially IV. 
Vegetable oil properties are affected by extracting solvents to 
an extent, though not significant in some cases. For high 
percentage yield, hexane and petroleum ether were preferable 
solvents, while hexane, petroleum ether, and CCl4 are 
preferable to methanol and acetone as extracting solvents for 
high AVs, IVs, and SVs. It was suggested that hexane, 
petroleum ether, and CCl4 were suitable extracting solvents 
for industrial purposes, while D. edulis, D. tripetala, and P. 
Americana oils are economically viable due to their high % 
yield, SVs, and IVs.  

Funding
None. 

Acknowledgements
None. 

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions 
Conceptualization: Essien QE, Akpe MA. Methodology: 
Essien QE, Udo OO. Formal analysis: Akpe MA, Nwobodo 
CI. Validation: Udo OO. Writing - original draft: Essien, QE. 
Writing - review & editing: Akpe MA, Nwobodo CI.

Ethics approval
This article does not require IRB/IACUC approval because 
there are no human and animal participants. 

ORCID 
Qeency Etim Essien (First author)
https://orcid.org/0009-0008-9046-658x
Michael Akomaye Akpe (Corresponding author)
https://orcid.org/0000-0001-7258-7427
Ofonime Okon Udo
https://orcid.org/0009-0005-9685-1671
Collins Irechukwu Nwobodo
https://orcid.org/0009-0000-0418-719x



Food Sci. Preserv., 31(4) (2024)

https://www.ekosfop.or.kr 563

References
Abayeh OJ, Alna EA, Okoungha CO. Oil content and oil 

quality characteristics of some Nigerian oils seed. J Pure 
Applied Sci, 1, 17-33 (1998)

Abubakar ANF, Achmadi SS, Suparto IH. Triterpenoid of 
avocado (Persea americana) seed and its cytotoxic 
activity toward breast MCF-7 and liver HEPG2 cancer 
cells. Asian Pac J Trop Biomed 7, 397-400 (2017)

Ajiwe VIE, Okeke AC, Nnabuike B, Ogunleye GA, Elebo E. 
Applications of oils extracted from African star apple 
(Chrysophylum africanum) horse eye bean (Mucana 
sloanei) and African pear (Dacryodes edulis) seeds. Bio 
Resour Technol, 59, 259-261 (1997)

Akanni MS, Adekunle AS, Oluyeme EA. Physicochemical 
properties of some non-conventional oil seeds. J Food 
Technol, 3, 177-181 (2005)

Akintayo ET. Chemical composition and physicochemical 
properties of fluted pumpkin (Telfairia occidentalis) seed 
and seed oils. Riv Ital Sostanze Grasse, 74, 13-15 (1997)

Akpe MA, Inezi FP. Physicochemical properties of Alchorea 
cordiforlia, Cyperus esculetum and Irvingia gabonensis 
seed oil and their applications. Asian J Appl Chem Res, 
1, 1-7 (2018)

Akubugwo IE, Ugbogu AE. Physicochemical studies on oils 
from five selected Nigerian plant seeds. Pak J Nutr, 6, 
75-78 (2007)

Aluyor EO, Ori-Jesu M. The use of antioxidants in vegetable 
oils, a review. Afr J Biotechnol, 7, 4836-4842 (2008)

AOAC. Official Methods of Analysis. 16th ed, Association of 
Official Analytical Chemists, Gaithersburg, MD, USA 
(1998)

AOAC. Official Methods of Analysis 17th ed, Association of 
Official Analytical Chemists, Gaithersburg, MD, USA 
(2002)

AOCS. Official Methods and Recommended Practices of the 
American Oil Chemists’ Society. AOCS Press, Washington 
DC, USA (1993)

Aremu MO, Ibrahim H, Bamdele TO. Physicochemical 
characteristics of the oils extracted from some Nigerian 
plant foods. Int J Chem Process Engr Res, 32, 36-52 
(2015)

Aremu MO, Olafe O, Akintayo ET. Chemical composition 
and physicochemical characteristics of two varieties of 
bambara groundnut (Vigna subterrenea) flours. J Appl 
Sci, 6, 1900-1903 (2006)

Arisa NU, Lazarus A. Production and refining of Dacryodes 
edulis “native pear” seeds oil. Afr J Biotechnol, 7, 
1344-1346 (2008)

Ayoola PB, Adeyeye A. Effect of heating and on the 
chemical composition and physicochemical properties of 
Arachis hypogea (groundnut) seed flour and oil. Pak J 

Nutr, 9, 751-754 (2010)
Belewu MA, Adekola FA, Adebayo GB, Ameen OM, 

Muhammed NO, Olaniyan AM, Adekola OF, Musa AK. 
Physiochemical characteristics of oil and biodissel from 
Nigerian and Indian Jatropha curcas seeds. Int J Biol 
Chem Sci, 4, 524-529 (2010)

Bwade KE, Aliyu B, Kwaji AM. Physiochemical properties 
of pumpkin seed oil relevant to biodiesel production and 
other industrial applications. Int J Engr Bus Enterpr 
Appl, 4, 72-78 (2013)

Das M, Das SK, Suthar SH. Composition of seed and 
characteristics of oil from Karingda. Int J Food Sci 
Technol, 37, 893-896 (2002)

Efeovbokhan VE, Hymore FK, Raji D, Sanni SE. Alternative 
solvents for Moringa oleigera seeds extraction. J Appl 
Sci, 15, 1073-1082 (2015)

Egbebi AO. Comparative studies on the three different 
species of melon seed (Citrulus vulgaries, Cucumcropsis 
manni and Lagenaria siceraria). Sky J Food Sci, 3, 1-4 
(2014)

Eka OU. Studies on nutrient composition of the fruit of 
African pear. West Afr J Bio Appl Chem, 2, 3-7 (1997)

Emil A, Yaakob Z, Kumar MNS, Jahim JM, Salimon J. 
Comparative evaluation of physicochemical properties 
of Jatropha seed oil from Malaysia, Indonesia and 
Thailand. J Am Oil Chem Soc, 87, 689-695 (2010)

Fekarurhobo GK, Obomanu FG, Maduelosi JN. Effects of 
short-term exposure to sunlight on the quality of some 
edible vegetable oils. Res J Appl Sci, 17, 152-156 (2009)

Fernando CEC, Akujobi EO. Chemical analysis selected 
vegetable oils and fats of Sokoto State of Nigeria. J 
Basic Appl Sci, 1, 11-14 (1987)

Garfar MK, Itodo AU, Warra AA, Abdullahi I. Extraction 
and physicochemical determination of garlic (Allium 
sativum L.) oil. Int J Food Nut Sci, 1, 4-7 (2012)

Gordon M. Fats and fatty foods. In: Food Industries Manual, 
23rd ed, Kill RC (Editor), Blackie Academic and 
Professional, London, UK, p 179-186 (1993)

Hassan LG, Osoba O, Umar KJ, Inwa M. Physicochemical 
analysis of Cyperus escubentus oil. Yauri J Arts Sci, 2, 
1-4 (2007)

Hassan LG, Sani NA. Comparative studies on the physicochemical 
properties of bottle gourd Lagernaria suceraria seeds 
oils extracted by two methods. Nigeria J Basic Appl 
Sci, 15, 50-51 (2007)

Ibeto CN, Okoye COB, Ofoefule AU. Comparative study of 
the physicochemical characterization of some oils as 
potential feedstock for biodiesel production. Int Scholarly 
Res Not, 2012, 62518 (2012)

Idu MD, Erhabor JO, Efijuemue HM. Documentation on 
medicinal plant sold in markets in Abeokuta, Nigeria. 
Trop J Pharm Res, 9, 110-118 (2010)



Effect of extracting solvents on vegetable oils properties

564 https://doi.org/10.11002/fsp.2024.31.4.554

Kadji BRL, Kone FMT, Sika AE, Dabonne S. Physico- 
chemical properties of safou (Dacryodes edulis) fruits 
grown in cote d’Ivoire. J Appl Biosci, 105, 10103- 
10110 (2016)

Kaseke T, Opara UL, Fawole OA. Fatty acid composition, 
bioactive phytochemicals, antioxidant properties and 
oxidative stability of edible fruit seed oil: Effect of 
preharvest and processing factors. Heliyon, 6, E04962 
(2020)

Luque-Garcia JL, Luque de castro MD. Ultrasound assisted 
Soxhlet extractetion: An expeditive approach for solid 
sample treatment, application to the extraction of total 
fat from Oleaginous seeds. J Chromatogr A, 1034, 237- 
242 (2004)

Obasi NBB, Okolie NP. Nutritional constituents of the seeds 
of the African pear (Dacryodes edulis). J Food Chem, 
46, 297-299 (1993)

Odion EE, Poh CF, Falodun A, Adelusi SA. Cola rostrata: 
Phytochemical and toxicity studies. J Appl Sci Environ 
Manage, 17, 603-607 (2013)

Ogunsuyi HO, Daramola BM. Evaluation of almond (Prunus 
amydalus) seed oil as a viable feedstock for biodiesel 
fuel. Int J Biotechnol Res, 1, 120-127 (2013)

Okene EO, Evbuomwam BO. Solvent extraction and 
characterization of oil from coconut seed using alternative 
solvents. Intern J Engr Tech Res, 2, 135-138 (2014)

Okwu DE. Evaluation of the chemical composition of 
indigenous spices and flavouring agents. Global J Pure 
Appl Sci, 7, 455-459 (2001)

Okwu DE, Morah FNI. Mineral and nutritive value of 
Dennettia tripetala fruits, J Fruits, 59, 437-442 (2004)

Onyeike EN, Acheru GN. Chemical composition of selected 
Nigerian oil seeds and physicochemical properties of the 
oil extracts. J Food Chem, 77, 431-437 (2002)

Oyemitan IA, Iwalew EO, Akanmu MA, Olugbade TA. 
Antinociceptive and antiinflammatory effects of essential 
oil of Dennethia tripetala Gbaker (Annonaceae) in 
rodents. Afr J Trad COM, 5, 355-362 (2008)

Roy S, Sarkar T, Chakraborty R. Vegetable seeds: A new 

perspective in future food development. J Food Process 
Preserv, 46, e17118 (2022)

Roy S, Sarkar T, Upadhye VJ, Chakraborty R. Comprehensive 
review on fruit seeds: Nutritional, phytochemical, 
nanotechnology, toxicity, food biochemistry, and 
biotechnology perspective. Appl Biochem Biotech, 196, 
4472-4643 (2024)

Sani NA, Hassan LG. Preparation and analysis of the 
physical and chemical properties of soap from Lageneria 
siceraria seeds oil. Namoda Tech Scope J, 7, 23-32 
(2007)

Shirana P, Khushbu P, Faldu N, Thakkar V, Shubramanian 
RB. Extraction and analysis of Jatropha curcas L. seed 
oil. Afr J Biotechnol, 10, 18210-18213 (2011)

Swaroopo R, Dasiri A, Vaibhav VG. Comparative extraction 
of castor oil using polar and won polar solvents, 
department of chemical engineering India. Int J Current 
Engr Technol, 78, 39 (2013)

Taiwo AA, Osifeso O, Adepoju MA, Olawunmi OM. 
Comparative studies on the chemical composition and 
anti-nutritional contents of the Lagenaria breviflora and 
Colocynthis seeds. Sky J Food Sci, 5, 045-049 (2016)

Tsaknis J. Characterization of Moringa peregrine Arabia seed 
oil. Grasas Aceites 49, 170-176 (1998)

Ugbogu AE, Akubugwo EI, Ukegbu FO, Chinyere CG, 
Ugbogu OC, Oduse KA. Nutritional and chemical 
composition of Jatropha curcas seed oil from Nigeria. 
Int J Biosci, 3, 15-25 (2013)

Umoh IB. Nutritional Quality of Plant Foods. Post-Harvest 
Research Unit, University of Benin, Benin City, Nigeria 
(1998)

Vermaak I, Kamatou GPP, Komane-Mofokeng B, Viljoen AM, 
Beckett K. African seed oils of commercial importance 
cosmetic applications. S Afr J Bot, 77, 920-933 (2011)

Warra AA, Hassan LG, Gunu SY, Jega SA. Cold-process 
synthesis and properties of soaps prepared from different 
triacyglycerol sources. Nigerian J Basic Appl Sci, 18, 
315-321 (2010)


