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ABSTRACT

This research studied the potential of the seed oil of Uvaria chamae for biodiesel production.
The oil was extracted using a soxhlet extractor and n-hexane as a solvent before being transesterified into
biodiesel. The results obtained showed a low yield of 12.5 % for the extracted oil. The oil showed a high acid
value of 14.02+ 0.09 mgKOH/g, which indicated high free fatty acid content and the percentage yield of the
biodiesel produced was 88.35+ 0.5%. The profile of methyl esters showed that unsaturated linoleic methyl
ester was dominant. The results suggested that Uvaria chamae seed oil possesses some properties that were

suitable for biodiesel production.
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INTRODUCTION

Oil from seeds is used as Straight Vegetable Oil (SVO) or
biodiesel (trans-esterified oil) depending on the type of engine
and oil blend level (Radhikhesh, 2019). This phenomenon has
spawned the notion that it is preferable to use oil seeds as
biofuel, as this will reduce the demand for nonrenewable
fossil fuels (Ipeghan et al., 2019). The term "biofuel” refers to
a liquid or gaseous fuel made mostly from biomass and used
in transportation.

Uvaria. chamae (P. Beauv), a medicinal plant native to West
and Central Africa, is used to cure fevers and possesses
antibacterial and anti-diabetic qualities. The root has a well-
recognized reputation in African traditional medicine. The
plant is prized for its hypoglycaemic qualities (Olumese et al.,
2016), which make it a viable diabetes therapy option. The
Anonacaea family includes Uvaria chamae. It's also known as
bush banana or finger root. This common name alludes to the
fruit that grows on its short branches and has finger-like
clusters of fruit carpel, the shape of which has given rise to
various native names such as bush banana, which implies
wildness. In Igbo, it's called (Mmimi ohia), in Hausa, (Kas
kaifi,) and Yoruba, (Akisan) (Ogbuana et al., 2020). Itis a
cultivated and wild evergreen shrub that grows to a height of
3.6 to 4.5 meters (Omajali et al., 2011).

According to a source, both edible and non-edible oils have
been successfully utilized in biodiesel production (Foroutan
et al., 2021). However, developing nations like Nigeria,
whose crude oil is mainly used to create conventional diesel,
depend on alternative oil-producing crops, including
soybeans, groundnuts, cottonseeds, sunflower, rapeseeds, oil
palm, and coconut oil as a feedstock due to the global food
security issue (ElI-Hamdi, 2018). Recently, biodiesel
production has drawn much attention to complement diesel
production based on refining crude oil. (Omotosho et al.,
2015). The basic steps in biofuel production include
pretreatment, alcohol-catalyzed mixing, esterification and
transesterification, separation of the product and purification
of the biodiesel.

According to a product specification or certificate of analysis,
oil quality refers to the physical and chemical characteristics
of fats or oils that are required for any particular use.
According to reports, a variety of elements, including
preprocessed ones like the growth season and soil fertility as

well as post-harvest storage conditions like temperature as
well as post-processed ones like heat-thermal degradation and
air contact, can affect the quality of oil (Bhatt et al., 2020).
The identity and edibility of the vegetable oil are
consequently gauged by the quality of the oil.
(Prates-Valério et al., 2019).

MATERIALS AND METHOD

Sample collection and preparation

The sample was collected from dried seeds of Uvaria chamae
in Samaru market in Zaria within Kaduna metropolis, Nigeria.
The research was carried out at Ahmadu Bello University,
Zaria Sabon Gari Local Government Area of Kaduna State,
Nigeria. The seeds were peeled to obtain the kernels, which
were air-dried and pulverized to a fine powdered form and
stored in an airtight plastic container.

Extraction procedure

About two hundred grams (200 g) of air-dried and pulverized
plant seeds of Uvaria chamaewas weighed out and packed
into a thimble, which was in turn placed into a Soxhlet
extractor. Extracting solvent (normal hexane (500 cm?®) and
anti-bumping chips were placed into 2000cm? round bottom
flask and heated on a heating mantle at 70 -C. The extraction
was allowed to continue until the solvent was clear. The
solvent in the round-bottomed flask was collected and dried
using a rotary evaporator at 40 °C. The process was repeated
to obtain the mean of the percentage extraction and enough
oil for further analysis (Takase et al, 2014).

Weight of the oil

Oil content = (Weight Py p— ) X100

Physicochemical analysis of oil

Various physicochemical analyses were conducted to
evaluate the quality of each of the oil samples. The oil’s
physicochemical properties were determined following
standardized American Society of Testing and Materials
(ASTM) test procedures. The physicochemical parameters to
be analyzed were specific gravity, lodine value,
saponification value, acid value, peroxide value, color, and
free fatty acid.

Specific gravity
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A clean dry empty 50 cm? density bottle was weighed and the
mass was recorded, it was filled up with distilled water and
weighed, and the mass of the bottle and water was taken. Each
seed oil was also weighed in a separate density bottle which
will then be weighed, the weight of the bottle and oil, the
specific gravity will be evaluated using (Olosunde and Edet,
2022):

Specific gravity =

Weight of oil

(Weight of Wate‘r)

Saponification value

Exactly, 5 cm® of each oil sample was weighed into a
volumetric flask and 50 ml of alcoholic KOH was added from
the burette by allowing it to drain for 30 minutes and a blank
was also prepared by taking only 50 cm?® of alcoholic KOH
allowing it to drain for 30 minutes. The flask was connected
to the air condenser and it will be boiled gently for about one
hour. Then the flask and condenser were cooled, and the
condenser was rinsed with a little distilled water and then
removed. Finally, 1 ml of phenolphthalein was added and
titrated against 0.5 M of HCI until the pink color will
disappear. (AOAC, 2003)

Saponification value = ( )

Where; Vo = the volume of the solution used for the blank test;
V1 = the volume of the solution used for determination;

N = actual normality of the HCI used;
W = Mass of the sample.

56 XN (Vo—Vy)

Acid value

Exactly, 2 cm?® each of oil sample was weighed into a 250 cm?®
conical flask separately, and each was dissolved in 25 cm?® of
alcohol. Then two drops of phenolphthalein indicator were
added. The contents were titrated with alcoholic KOH. Blank
titration was performed on 100 cm? of the titration solvent and
0.5 cm?® of the indicator solution. The KOH solution was
standardized frequently to detect the molarity change of
0.0005. The volume of 0.1cm® KOH (Va), for the sample
titration, and volume for the blank (V) was noted (AOAC,
2003)

Acid value = ( %)

Where; A = Amount (mL) of 0.1M KOH consumed by
sample, M= Molarity of KOH,

W= weight (g) of oil sample.

Peroxide value

Exactly, 1.0 cm® of the seed oils were weighed into a clean
dry boiling tube and 1g of powdered K1 and 30 cm? of solvent
(2 cm? of chloroform and 3 cm of glacial acetic acid) mixture
was added. Hence, the tube was placed in boiling water so that
the liquid boils within 30 seconds and allowed to boil
vigorously for not more than 30 seconds. The contents were
transferred quickly to a conical flask containing 20 cm? of 5%
K1 (5 g dissolved in 100cm? of H20) solution and the tube was
washed twice with 25 cm? water each time and collected into
the conical flask. Then, the solution was titrated against 0.001
M Na2S203 solution until the yellow color disappear and 0.5
cm?® of starch will be added with vigorous shaking and titrated
carefully till the blue color disappear (AOAC, 2003).

. V XMx1000
Peroxide value =(———)

V= Volume of sodium thiosulphate solution used, M=
Molarity of thiosulphate, W=Weight of the oil sample.
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lodine value
Exactly 0.4 cm? of the oil sample was weighed into a conical
flask and 20 cm® of CCl, was added to dissolve the oil. At the
end of this period, 20 cm® of 10% KI (10 g dissolved in 100
cmd of water) and 125 cm?® of distilled water were added using
a measuring cylinder. The content was titrated with 0.1M
sodium-thiosulphate solutions until the yellow color almost
disappeared. A few drops of 1% starch indicator were added
and the titration will continue by adding thiosulphate
dropwise until the blue coloration disappears after vigorous
shaking. The same procedure was used for the blank test
(AOAC, 2003).

lodine value :(%X(V"_Vl))

C = Concentration of sodium thiosulphate used, V1 = Volume
of sodium thiosulphate used for blank, V2 = Volume of
sodium thiosulphate used for determination, W =Mass of the
sample.

Production of Biodiesel

Esterification Production of Biodiesel

50 g of Uvaria chamae oil was measured and weighed in a
conical flask using a weighing balance. The conical flask
containing the oil sample was placed on top of magnetic
stirrer, and then agitated and heated to a temperature of 60 °C.
Immediately the agitation and heating started, 143.8 g of
methanol and 3.2 g of sulphuric acid were added.

242 Transesterification production of biodiesel

The transesterification reaction was done to reduce the free
fatty acid percentage. This was done to reduce the % free fatty
acid to a value less than 0.5%. This was done by weighing
15% of methanol and 1% catalyst (KOH). Exactly, 30cm? of
Uvaria chamae was poured into a round-bottomed flask
which was immersed in a water bath set at 55 °C and allowed
to heat up until the temperature of the water bath was attained.
4 cm? anhydrous methanol was added into the flask and 0.4 g
potassium hydroxide (KOH) was added to form methoxide;
then condenser was fitted to the second neck of the flask; The
calculated mass of the KOH was dissolved in measured
methanol and the mixture poured into the oil. The solution
was placed on a magnetic stirrer at 60 °C for agitation and
heating for 1 hour. The mixture was poured into a separating
funnel after agitation, and allowed to stand for 1 hour for
separation to take place. The lower layer (glycerol) will be
tapped off and the upper layer (biodiesel) was poured out. The
volume and weight of obtained biodiesel were measured and
recorded (Ndukwe and Ugboaja, 2012).

Properties of Biodiesel

Density measurement (ASTM D445-12)

An empty beaker was weighed using an analytical weighing
balance. 50 cm? of biodiesel will then be poured into a beaker,
and the combined weight measured. The difference
between the weight of the beaker plus biodiesel and that of the
empty beaker will be obtained and recorded as the weight of
the oil. The density will be obtained by taking the ratio of the
weight of the biodiesel and its volume (ASTM, 2010).
Weight of measured biodiesel

volume of measured biodiesel)

Density = (

Kinematic viscosity measurement (ASTM D445)

Exactly, 15 cm?® of biodiesel was poured into a viscometer
tube. The tube will then be immersed into a viscometer bath
maintained at 40 °C. The oil in the tube will be sucked up to
the upper limit mark using a suction pump and allowed to drop
under gravity. A stopwatch will be started and the setup will
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be monitored till the oil gets to the lower limit of the tube and
the watch stopped. The time will be recorded, and the
procedure repeated twice. The kinematic viscosity will be
calculated using (ASTM, 2010)

Kinematic Viscosity = Time (s) x Tube constant

Pour point (ASTM D6892-03)

Exactly 20 cm?® of biodiesel was poured into a test jar with a
thermometer clamped to it and will be cooled at a constant
temperature, forming wax crystals. The test jar will be
removed at every

Sani etal.,
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degree drop in temperature and tilted to check the surface
movement. When the surface did not
flow for 5 s, the temperature will be recorded (ASTM, 2010).

RESULTS AND DISCUSSION

The results of physicochemical properties of the crude oil and
the fuel properties of the biodieselproduced from the oil are
presented as Mean + SD in Tables 1 and 2 respectively. The
fatty acidcomposition of the biodiesel produced is presented
as table

Table. 1: Result of physicochemical properties of the seed oil (Mean + SD)

Properties VALUES
Oil Content 12.6
Specific gravity 0.94+0.00
Acid value (mg KOH/g) 8.26+0.12
lodine value 16.65+0.18
S.V (mg KOH/qg) 202.80+0.40
Viscosity (mm/s) 3.9040.00
Peroxide Value (Meq /Kg) 4.09 £0.12\

Physicochemical properties

The physicochemical properties of Uvaria chamae seed oil
were studied. The percentage oil content of Uvaria chamae
was 12.6. This value was found to be lower than the oil
content of shea butter (44.24%), as reported by Mishahudeen
et al., (2020). In general, a poor oil yield indicates that the oil
seed may be scarce for oil production. Poor oil yield is also
caused by seeds oil with a high percentage of FFA (>
1%wi/w), which also contributes to the formation of soap
(Thapa et al., 2018). Uvaria chamae has a specific gravity of
0.94. This implies that the oils are less thick than water and
do not include any heavy constituents. Specific gravity is an
important metric to evaluate since it determines the energy
density (specific energy) of gasoline (Atabani et al., 2012).
The acid value of Uvaria chamae was 8.26+0.12 mgKOH/g.
The lower the acid value, the lower the free fatty acid, the
more suitable, the oil for transesterification process. The acid
value of the oil was higher in comparison to the acid value of
1.85 reported by konuskan et al., (2019,) for rubber seed
which indicated that over time, the oil will become unstable,
and it will not be safeguarded against rancidity or
peroxidation (Onoji et al. 2016).

Uvaria chamae (202.4 mgKOHY/g) had a lower saponification
value than Cocos nucifera oil (246 mgKOH/g), which was
studied by (Sani et al., 2014). When biodiesel, on the other
hand, generated from oil with a high saponification value, is
burned in an engine, it releases exhaust pollutants (Uyaroglu
et al., 2022). The saponification value is crucial in the
shampoo and soap businesses since it identifies the oil as
typical trigly cerides (Che Hamzah et al., 2020).

The iodine value of Uvaria chamae was 16.65 gl2/100g,
which was lower than the iodine value of castor oil (84.8
gl2/100g) as reported by Aremu et al., (2015). The amount of
unsaturated fats and oil in the sample is indicated by the iodine
value. Vegetable oil has a low iodine value, it produces
biodiesel with high cloud and pour points, and higher cloud
and pour points indicate poor engine performance in cold
circumstances. This indicated that the oil under consideration
was suitable for the production of biodiesel (Folayan et al.,
2019).

To achieve the gasoline standard, viscosity is an important
property that must be regulated in oil. The viscosity for
Uvaria chamae was 3.9 +0.09 mm?/sec, which was lower
compared to the viscosity of Cucurbita pepo oil (93.65

mm?/sec) according to Bwade et al. (2013). Low viscosity oil
produced a sloppy effect (Yusup and Khan, 2010). A higher
oil viscosity makes it unsuitable for biodiesel production since
it would harm the engine.

The peroxide value of Uvaria chamae was 4.09+ 0.61 Meqg/kg
was lower than the required standard by NIS (Ifemeje et al.,
2022). High Peroxide values indicate high levels of oxidative
rancidity in the oils as well as the lack or low levels of
antioxidants; nevertheless, some antioxidants, such as propyl
gallate and butyl hydroxyl anisole, can be used to reduce
rancidity (Aremu et al., 2015).

Properties Of Biodiesel

The most important methyl ester characteristic is Kinematic
viscosity, which affects fuel injection and sprays atomization,
particularly at low temperatures (Atabani et al., 2012).
According to ASTM and EN standards, the permitted limits
of kinematic viscosity at 40 °C is 3.5 - 6.0 mm?/s. At 40 °C,
the kinematic viscosity of Uvaria chamae was found to be 4.4
mm?/s.

Acid values are utilized as a general indicator of the condition
and suitability of the oil since they represent the amount of
free fatty acid present in the oils (Nkouam et al., 2007).
Consequently, a maximum acid value of 0.5 mg KOH/qg is
guaranteed by both the ASTM and EN standards. Uvaria
chamae is 0.43 mg KOH/g, which is within the ASTM and
EN standards' permitted limits. The percentage of free fatty
acid in the biodiesel was much lower than that of their oils
because a sizable fraction of the FFA was neutralized by
potassium hydroxide during transesterification. (Vairavan et
al., 2010).

The performance of the engine is influenced by the fuel, thus
it is crucial. This may also affect how effectively fuel is
atomized in engine combustion systems (Silitonga et al.,
2013). According to ASTM and EN standards, the density of
methyl ester at 15 °C should be between 0.860 g/cm?® and
0.950 g/cm®. Uvaria chamae has a density of 0.89 g/m3. This
indicates that the results were quite near and that the density
of the biodiesel is within the allowed range. This might be a
result of the density of the methanol used to make the methyl
esters. This density is lower than that of kusum seed (0.90
g/cm?) as reported by Sarve et al., (2016) because methyl ester
is denser and less volatile than petroleum-diesel, which has a
density of 0.832 g/cm?®,
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The temperature range for the ASTM D2500 standard method
for estimating cloud point (for biodiesel) is -3 to -12 °C. For
Uvaria chamae, the obtained Cloud Point value is 4.5 °C.
These figures are greater than the camelina temperature of -
3°C reported by Moser (2010). This is because biodiesel
contains a high amount of unsaturated fatty acids (Sharma et
al., 2008). Biodiesel with a high cloud point has limited usage
in cold locations because it cloughs the pathway (Velvhizi et
al. 2020). Despite being quite high, the results were within the
permitted range of the ASTM standard.

The pour point is the lowest temperature at which a liquid fuel
loses its capacity to flow. Pour point is important in the cold
flow process (Sakthivel et al., 2018). The pour point and cloud
point of diesel fuel are usually lower than those of biodiesel
fuels. The ASTM D97 approach is used to calculate the pour
point of biodiesel fuel. Uvaria chamae has a pour point of -

Table 2: Fuel properties of Uvaria chamae Methyl ester

Sani etal.,

FJS

5.27 °C. This figure is higher than the freezing point of castor
oil, which is -20 °C (Sanchez-Garcia et al., 2015).

GC —MS Result of Biodiesel

The produced biodiesel demonstrates the presence of fatty
acids such as hexadecanoic acid methyl ester, methyl stearate,
and 9, 11-Octadecadieonoate acid. Table 3 shows the
identified chemicals and their composition. Unsaturated fatty
acids (81.84%) outnumber saturated components (18.63%) in
biodiesel composition. Table 3 shows the distribution ratios.
Yasar (2020) created bio - diesel with a high percentage of
unsaturated components and claims that it may be used in cold
climates. As a result, the composition of the biodiesel
produced is favourable. The fatty acid content has the greatest
influence on the properties of triglycerides and biodiesel
(Ramos et al, 2009).

Properties Uvaria chamae
Biodiesel yield (%) 85.5
Density(g/cm?3) 0.89

Pour point (°c) -5.27
Acid value (mgKOH/g) 0.43
Cloud Point (°%) 45
Kinematic viscosity (@40°C) 4.4

Table 3: GC —MS Result of Biodiesel

Fatty acids

Molecular formular Composition (%)

Hexadecanoic acid, methyl ester C16H3202 7.68
9, 11 Octadecadienoate acids Ci18H3102 9.33
Linoleic acid C18H3202 10.34
Ethyl oleate C20H3802 14.00
9, 12 Octadecenoic acid, methyl ester C18H2402 29.90
Octadecanoic acid, methyl ester C18H3602 0.93
Dodecanoic acid, methyl ester C12H2402 5.32
Heptadecanoic acid, methyl ester C17H3402 0.78
9, Octadecenoic acid, methyl ester C18H3402 21.72
Saturated 28.71
Unsaturated 71.29
Total 100%
CONCLUSION

This research looked at the physiochemical makeup and
biodiesel-producing capability of Uvaria chamae seeds.
Uvaria chamae oil is a good source of oil for manufacturing
biodiesel, as evidenced by the physiochemical composition of
the biodiesel made from those oils. The predominant
component of the fatty acid composition is 9, 12 octadecenoic
acid, which makes up 28.71% of the saturated fat and 71.29%
of the unsaturated fat. The non-edible oils under research, as
determined by their physicochemical characterization and
quality evaluation, exhibit compliance with FAO/WHO
values in most parameters. Frequent checks should continue
to ensure that the vegetable oils sold to the general public are
of the highest caliber. The biodiesel made from oils ought to
be of the best quality. The study also showed that the oil could
be utilized for other things besides lubricants, such as
cosmetics and paint.
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