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Abstract—In biodiesel production, the cost of feedstock accounts for the largest percentage of the production cost and there is a 

food-fuel strain on the utilisation of traditional oils (groundnut oil, palm oil and palm kernel oil) as feedstock. Hence, the use of 

under-utilised and less expensive feedstock provides a unique opportunity of significantly reducing such cost and strain. This 

research investigates the use of sweet almond (Prunus amygdalus “dulcis”) seed oil as alternative feedstock for the production 

of biodiesel. The sweet almond seed oil was extracted via the solvent extraction method and trans-esterified using methanol with 

sulphuric acid as catalyst. The sweet almond seed has high oil yield (50%). The extracted oil has a specific gravity of 0.97 and 

low peroxide value (10.25±0.1 mMol/Kg) which are indications that it was of good quality. The fatty acid content of the seed oil 

revealed 61.62% of oleic acid predominantly present. Other fatty acids present are, linoleic acid (27.36%), palmitic acid 

(8.66%), palmitoleic acid (1.68%) and icosanoic acid (0.69%). The fatty acids composition shows a very high percentage 

(63.30%) of monounsaturated fatty acid in the extracted oil which makes it a good feedstock for biodiesel production. In the 

research, 83% biodiesel yield was achieved. The fuel properties of biodiesel prepared were also determined using standard test 

methods and were found to be within the ASTM and EN. Hence, Sweet almond seed oil can be a good dependable feedstock for 

biodiesel production. 
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1. Introduction 

Nigeria is one of the major oil giants and is embarking on 

biodiesel projects so as to join the League of Nations in 

benefitting from the advantages gained when biofuels are 

used. These projects include the blending up to 10% ethanol 

with fossil-fuel to achieve an E10 blend and a 20% blend of 

biodiesel with fossil-diesel to make a B20 blend [1].  

 

The use of regular oils such as soybean oil,  sunflower oil, 

palm oil, and rape seed oil for biofuels production is not 

uncommon [2], [3] and has often resulted in increase in prices 

and decrease in availability of these oils for food uses [4]. 

This has incite researchers to use waste oils, inedible oils and 

other lesser known oils in the preparation of biodiesel [2], [5], 

[6].  

 

Seed oils of oil-bearing plants have been studied for use 

feedstocks for biodiesel production feedstock in Nigeria. 

Some of these oils are palm oil [7], palm kernel oil [8], egusi 

melon oil [9], coconut oil [10], tigernut [5], African mango 

nut oil [11] and Moringa oleifera [12]. Of all the oil-bearing 

crops commonly found in Nigeria, oil palm, palm kernel and 

groundnut are the most abundant and this is the reason for 

their selection as the preferred feedstocks for biodiesel 

production in the country's biofuel projects [1]. However, this 

is achieved at the expense of their use as food. Harnessing the 

neglected and inexpensive sweet almond seed as raw material 

for biodiesel production in Nigeria is therefore an effective 

way to reduce the food-fuel strain on the use of traditional oils 

(palm oil, groundnut oil and palm kernel oil) as well as a way 

of solving the problem of waste disposal while providing a 

biodegradable, renewable and eco-friendly fuel. The primary 

aim of this research is to investigate the use of this sweet 

almond (Prunus amygdalus “dulcis”) seed oil as an 

alternative feedstock for the production of biodiesel in 

Nigeria. 

 

Almond belong to the family Rosaceae. It is a species of 

Prunus which belongs to the subfamily of Prunoideae.  

Almonds consist of two main varieties. These are bitter 

almond (Prunus amygdalus “amara”) and sweet almond 
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(Prunus amygdalus “dulcis”). These are used primarily for 

cooking and oils making and as flavours respectively [13]. 

 

This paper has been organised into several sections. Section 1 

includes review on some seeds oils used for biofuel 

production and justification of the need for biodiesel 

production using under-utilised seed oils. It also contains the 

aims of this research. The second section contains summary 

of related works on biodiesel production using almond seed 

oils and other seeds oils. The third section elaborates the 

method used in oil extraction, biofuel preparation and 

characterisation including those of fuel properties. Section 4 

has detailed results and discussions on such results while the 

fifth section gives the conclusions and recommendation based 

on the findings of this work. 

 

2. Related Work 

Studies carried out that are related to this include 

investigation on the effects of different blend ratios on the 

fuel properties of almond biodiesel where the biodiesel was 

blended with petrol diesel at 20%. It was found that 20% 

blend had  iodine value, acid value, viscosity, pour point and 

cloud point of 41.62gI2/100g, 0.95meq/kg, 8.80Cp, 10
o
C 

and 60
o
C respectively [14].  

 

A comparative study to evaluate the various performance 

parameters and the emissions of a diesel engine using fuel 

blends containing 0%, 10%, 30% and 50% in volume of 

almond biodiesel with diesel fuel has been carried out and the 

results compared to the results obtained using palm oil 

biodiesel [15]. In the research, the use of almond biodiesel 

resulted in improved performance as compared to palm oil 

and in terms of emissions, almond biodiesel resulted in lower 

carbon monoxide, oxides of nitrogen, total particulate and 

unburned fuel emissions in the exhaust gas. 

 

In another study, the influence of fuel blends containing 10%, 

30% and 50% almond oil biodiesel (B10, B30, and B50) with 

diesel fuel (B0) on emissions and performance parameters 

under various load conditions has been evaluated using a 

diesel engine. This study revealed that blend of almond 

biodiesel with diesel fuel gradually reduced the engine CO 

and total particulate emissions compared to diesel fuel alone 

[16]. 

 

In another related work, the extraction and characterization of 

oil from tropical almond seed shows that the seed contains 

2.04 % moisture and 50.33 % oil. Other physicochemical 

properties of the extracted oil including density (0.90 g/cm3), 

specific gravity (0.89), kinematic viscosity at 40 
o
C (14.1 

mPa.s), cloud point (16.0 
o
C), pour point (11.5 

o
C), 

saponification value (199.19 mgKOH/g), acid value 

(3.37mgKOH/g), free fatty acid (1.68 mgKOH/g), Peroxide 

value (5.0 meq/kg), and Iodine value (98.0 gI2/100g) was also 

investigated [17]. In the same study,  biodiesel was prepared 

using the oil extracted and the fuel properties of the biodiesel 

which include density (0.96g/cm3), specific gravity (0.90), 

kinematic viscosity at 40 
o
C (5.20 mPa.s), kinematic viscosity 

at 100 
o
C (4.30 mPa.s), cloud point (7.0 

o
C), pour point (6.0 

o
C), smoke point (161.0 

o
C), flash point (186.0 

o
C), and fire 

point (216.0 
o
C) were investigated and then compared with 

the American Standard for Biodiesel Testing Materials 

(ASTM-D6751) standards. 

 

Similar work have been carried out on other seed oils. These 

include synthesis and characterization of biodiesel from 

Citrillus lantanus seed oil where the fuel properties of the 

biodiesel prepared was investigated and compared with the 

American Standard for Biodiesel Testing Materials (ASTM-

D6751) and the European Norm (EN-14214) standards. [18]. 

In another study [19], the physicochemical properties of 

sunflower seed oil were investigated.  

 

3. Materials and Methods 

Sample Collection and Preparation 

Fresh and fully matured sweet almond fruits were collected 

from the front of the Biochemistry Laboratory of the 

University of Ilorin, Ilorin, Nigeria. The eatable fleshy parts 

were manually removed, leaving the stony shells containing 

the seed. The stony shells were cautiously broken and the 

seeds removed. The almond seeds were collectively sun-dried 

for about two weeks and then milled using a domestic 

blender. The almond seeds were pulverized and the oil was 

extracted from the seeds immediately. 

 

 

Oil Extraction 

The oil components of the milled seeds were extracted using a 

Soxhlet apparatus at 60 °C for 8 h with n-hexane. The solvent 

was removed from the oil at a temperature of 65 ºC under 

reduced pressure using rotary vacuum evaporator and the 

yield was calculated. 

Oil yield (%) = 
Weight of oil extracted

Weight of seed used
X100         (1) 

 
Fatty Acids Methyl Esters (Biodiesel) Preparation. 
The trans-esterification reaction was carried out as described 

by [20] with slight modifications. 5 g of the seed oil was put 

into 250 mL round bottom flask attached to a reflux 

condenser, heater, magnetic stirrer and a thermometer. It was 

heated to 60 °C. 30 g of methanol containing few drops of 

concentrated sulphuric acid was added and stirred 

continuously for 1 h. The product was allowed to cool to 

room temperature and then transferred into a separating 

funnel. Using separating funnel, the bottom layer which 

contained glycerol and top layer which contained the prepared 

fatty acid methyl esters were separated. Gently, the fatty acid 

methyl esters was washed thrice using warm distilled water to 

ensure that residual catalyst or soaps that may be present have 

been removed and stored for GC-MS and other analysis. 

 

Biodiesel yield(%) = 
Weight of methyl ester prepared

Weight of oil used in reaction
×100               (2) 

 

Specific Gravity Determination. 

The specific gravity (S.G.) of both the crude oil and biodiesel 

were evaluated. A clean 50 mL specific gravity bottle was 
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weighed while empty, when filled completely with water, and 

then when filled with oils. S.G. of the oils were calculated 

[21]. 

 

Specific gravity =
W2-W0

W1-W0
              (3) 

W0 = Weight of empty S.G. bottle 

W1 = Weight of the water + the S.G bottle 

W2 = Weight of the test sample + S.G. bottle. 

 

Determination of Kinematic viscosity (ASTM D445) 

The kinematic viscosity was carried out for both crude oil and 

biodiesel using Ostwald viscometer. The viscometer was 

washed and calibrated with distilled water and the calibration 

constant of the viscometer was noted. The temperature of the 

room was taken (27 
o
C) and the oil was introduced into the 

viscometer and adjusted (sucked) to a point in the capillary 

arm about 5mm ahead of the first timing mark. The oil was 

allowed to flow freely. The time taken for the meniscus to 

move from the first to the next was recorded [22]. 

 

V = 𝐶4
t.              (4) 

V = kinematic viscosity (centistoke) 

C = viscometer calibration constant 

t = time of flow (seconds) 

 

Determination of the Flash point and the Fire 

point (ASTM D 93) 

The prepared biodiesel was poured into a strong resistance 

glass cup and a thermometer was placed in the oil and heated. 

The test flame was passed over the cup at every 2 
o
C increase 

in the oil temperature. When the oil vapours ignite 

momentarily in air, the flash point temperature is reached and 

when the oil vapours sustain combustion for at least five 

seconds, the fire point temperature is reached and noted [22]. 

 

Determination of Refractive index (ASTM D1218-92) 
Refractive index of both crude oil and biodiesel was 

measured. The oils were applied to the faces of two prisms 

after cleaning them.  A light source was used and the reading 

was taken directly from the scale [22]. 

 

Colour Determination 
Colour of the oils were physical observed in daylight and in 

ultraviolet chamber (at 254 and 366 nm) [6]. 

 

Determination of Cloud Point (ASTM D 2500) 

A test jar containing a small sample of the prepared biodiesel 

was placed in a cooling bath while monitoring the 

temperature at the bottom of the test jar. The temperature at 

which the fuel begins to form cloud is noted and recorded 

[22]. 

 

Determination of Pour Point (ASTM D 97) 

A small portion of the oil was placed in a freezer at a 

temperature of about 5 
o
C then melted by placing on a heating 

mantle while taking note of the temperature at the bottom of 

the test jar. The temperature at which the oil began to pour 

was noted and recorded [22]. 

 

Acid Value Determination 
The acid value test was carried out on both the crude oil and 

the biodiesel. Petroleum ether was mixed with same volume 

(25mL) of ethanol and 4 drops of phenolphthalein indicator in 

a flask that contained 2g of the oil. The mixture was titrated 

against 0.1M KOH solution with proper shaking till a pink 

colour which persisted for 15 seconds was observed [23]. 

Acid value =
56.5×V×N

Weight of oil
                  (5) 

V= volume of standard base in mL 

N= normality of the standard base 

 

Saponification Value Determination 

The saponification value (SV) was determined for both crude 

oil and biodiesel. 1 g of oil sample was dissolved into 12.50 

mL of 0.5 M ethanolic potassium hydroxide. The mixture was 

refluxed until oil droplets disappear and was left to cool to 

room temperature. The solution was titrated with 0.5 M HCl 

using phenolphthalein indicator until the pink colour 

disappears. A blank titration was similarly done [24]. 

Saponification value=
(B-S)×56.10×M 

W
               (6) 

 

B= Volume (mL) of hydrochloric acid used in the blank 

titration. 

S = Volume (mL) of hydrochloric acid used in the titration. 

M = Molarity of hydrochloric acid. 

W = Weight of sample used (g). 

 

Iodine Value Determination 

The Iodine value determination for both the crude oil and the 

diesel was carried out. 10 mL of chloroform and then 30 mL 

of Hanus iodine solution was added into a 250 mL conical 

flask containing 0.25 g of the oil. With the flask sealed 

properly, its content was shaken while in the dark for about 

30 minutes. 10 mL of 15% potassium iodide solution was 

added and then shaken. This was followed by the addition of 

100 mL of distilled water and the resulting solution was 

titrated with 0.1 N Sodium thiosulfate solution until there is a 

change to yellow colour. 2-3 drops of starch solution was then 

added which gives a blue solution and the titration was 

resumes until the blue colour had disappeared [25]. 

 

Iodine value=
(B-S)×C×12.69

W
              (7) 

C = concentration of Na2S2O3. 

B = volume of Na2S2O3 used for titrating blank 

S = volume of Na2S2O3 used for sample 

W = weight of sample. 

 

Peroxide Value Determination 
The Peroxide values (PV) of the crude oil as well as that of 

the biodiesel was determined. 30 ml of glacial acetic acid and 

chloroform (3:1) was added into 200ml conical flask 

containing 5 g of oil and thoroughly mixed. 0.5 mL of 

saturated potassium iodide was added to the mixture and kept 

in the dark for a minute while swirling periodically. 30 ml 

distilled water was added. This was titrated with 0.1 M 

sodium thiosulphate solution using 1 % starch solution as an 

indicator until the blue colour disappears. A blank titration 

was similarly carried out [26]. 
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Peroxide value =
(B- S) × 10

W
                (8) 

 

B = Volume (mL) of sodium thiosulphate used in blank 

titration. 

S = Volume (mL) of sodium thiosulfate used in titration. 

W = weight of oil used. 

4. Results and Discussion 

Physicochemical Characteristics of Seed Oil 

 
Table 1: Physicochemical Properties of the Sweet Almond Seed Oil 

Extracted 

Properties Almond seed oil 

Oil yield%  51% 

Specific Gravity  0.97±0.02 

Refractive index 1.46 

Colour  Yellow 

Kinematic Viscosity (mm2/sec) 24.40±0.05 

Iodine Value (gI2/100g)  108.46±1.7 

Acid Value (mgKOH/g)  16.3±0.2 

Peroxide Value (mMol/Kg)  10.25±0.1 

Saponification value (mg/g)  164.56±1.6 

 

Table 1 shows the physicochemical characteristics of the 

extracted sweet almond seed oil. The sweet almond seed have 

high lipid content (51%). This is similar to that found in 

Siberian apricot (51.15%) [27], Moringa oleifera (51%) [12], 

palm kernel (50%) [1] and egusi melon (51%) [12]. However 

this lipid content is much higher than what was found in 

soybean (17%) [28], cotton (15%) [28] as well as tigernut 

(16%) [5]. This yield implies that Almond seed is suitable as 

a source of oils for applications that require it in large 

quantities. 

 

The specific gravity of Prunus amygdalus seed oil was 0.97 

which is similar to the findings (0.9844) reported for bitter 

melon seed oils [29]. This value is higher than 0.94 found in 

mango seed oil [30]. The results show that oils of almond 

seed are of high purity since they are less dense than water 

and will float on water in case of a spill. The refractive index 

is 1.46 which is similar to 1.47 for water melon seed oil [31] 

and 1.46 reported for Almond [32] and Water melon [26] seed 

oils respectively. The colour of an oil is used as a preliminary 

test to determine its quality and how much bleaching it 

requires [33]. Darker colour indicates poorer quality [34]. 

Therefore the yellow colour obtained for almond seed oil is 

an indication of good quality. Kinematic viscosity gives the 

extent a fluid resists flow under gravity [35]. The kinematic 

viscosity of the oil investigated is 24.40 cSt (measured at 27 
o
C). This is lower than 38 cSt (measured at 40 

o
C) [36] and 

25.74 cSt (also measured at 40 
o
C) [20] reported both for 

Parinari polyandra oil. It is also lower than 32.6 cSt, 33.07 

cSt and 29.4 cSt (all measured at 40 
o
C) found for sunflower 

oil [37], rapeseed oil [37] and olive oil [37]. 

 

Iodine value measures the degree of saturation of the oils as 

well as their potential to oxidise when they are exposed to air 

[38]. The iodine value of Almond seed oil was found to be 

108.46±1.7 gI2/100g. This is lower than 121.8 gI2/100g [39] 

and 157.15 gI2/100g [26] both reported for water melon seed 

oils. Acid value directly measures the quantity of free fatty 

acids in an oil. It indicates to what degree the triglycerides in 

the oil have been converted to free fatty acids [24]. The acid 

value of the seed oil was 16.3±0.2 mgKOH/g. This value was 

higher than the values (10.096 mgKOH/g [39] and 2.08 

mgKOH/g [26]) reported for water melon seed oils. The 

peroxide value for the almond seed oil was 10.25±0.1 

mMol/Kg. This is higher than 2.25 mMol/Kg reported for 

almond seed oil by [32]. It is also higher than 3.02 mMol/Kg 

[40] and 0.22 mMol/Kg [41]. However, the peroxide value 

found is lower than 22 mMol/kg reported for Citrullus 

vulgaris seed oil [42]. Fresh oils have values less than 10 

mEq/Kg and values between 20 mEq/Kg and 40 mEq/Kg 

results in rancid state [43]. The low peroxide values of the oil 

indicates that at room temperature, it is less vulnerable to 

oxidative rancidity [44], [45]. The saponification value 

obtained for the sweet almond seed oil is 164.56±1.60 

mgKOH/g. This is lower than that of sunflower oil (192.1 

mgKOH/g), rapeseed oil (170.4 mgKOH/g) and olive oil 

(196.2 mgKOH/g) [37]. This finding is also lower than 

185.545±1.465 mgKOH/g [29] and 190.70 mgKOH/g [46] for 

oils of bitter melon seed. The saponification values of seed 

oils indicate the foaming property of the oils and foaming is 

one of the characteristic desired in surfactants useful for 

applications in the formulation of soap, detergents and 

emulsions [47].  

 

Fuel Properties of the Prepared Biodiesel 

 
Table 2: Fuel Properties of Biodiesel Produced from Sweet Almond Seed Oil 
Properties Produced 

biodiesel 

ASTM D 

6751 Limit 

EN 14214 

Limit 

% yield  83% - - 

Specific Gravity  0.834±0.019 0.88 - 

Refractive index 1.46 - - 

Colour  Clear yellow - - 

Flash point (oC) 120±5 130 

minimum 

101 

minimum 

Cloud point (oC) -10±0.3 -3 to -12 - 

Pour point (oC) -3±0.2 -15 to -16 - 

Physical state of 

the oil 

Liquid - - 

Kinematic 

Viscosity (cSt) 

4.14±0.14 1.9 to 6.0 3.5 to 5.0 

Iodine Value 

(gI2/100g)  

89.85±0.7 - - 

Acid Value 

(mgKOH/g)  

0.23±0.02 0.5 

maximum 

0.5 

maximum 

Peroxide Value 

(mMol/Kg)  

 

2.7±0.3 - - 

Saponification 

value (mg/g)  

151.55±0.03 - - 

 

Table 2 shows the fuel characteristics of the biofuel prepared 

from the extracted sweet almond seed oils. The percentage 

yield of the biodiesel prepared is 83%. This is higher than the 

75.3% for groundnut oil biodiesel [48] and 79% for jatropha 

seed oil biodiesel [49]. However, it is lower than the 88% 

reported for groundnut oil biodiesel [50] and 85.9% reported 

for almond seed oil biodiesel [51]. The high yield obtained in 

this work is an indication that the sweet almond seed oil is an 

excellent feedstock for biodiesel preparation. 
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Specific gravity is one of the most basic and most important 

characteristics of fuels [52] because it correlates with fuel 

storage, heating values, cetane number and transportation 

[53], [54]. The specific gravity of the almond seed oil biofuel 

in this study (0.834±0.019) is lower than 0.88 reported as 

biodiesel ASTM standard [35] and 0.881 reported for 

biodiesel prepared from mango seed oil [30]. However, this 

finding is similar than 0.84 reported for jatropha biodiesel 

[55]. Refractive index (R.I) is a parameter used for 

standardisation of fuels and is used to determine the state of a 

biodiesel given that the R.I changes when the cloudy state 

appears as the temperature of the biofuel approaches the cloud 

point [56]. The biodiesel produced in this research has R.I 

value of 1.46. This is same as the R.I value reported for soya 

bean oil biodiesel [57] and watermelon seed biodiesel [26]. 

The colour of the biodiesel prepared is yellow. This colour is 

same as that of palm oil biodiesel [23] and water melon seed 

biodiesel [26]. 

 

The lowest temperature that an oil must be heated to before its 

vapour-air mixture ignites is the flash point of such oil [38]. 

The Flash Point of the biodiesel prepared in this study is 120 

°C. This is lower than 170 °C for palm oil biodiesel [23]. It is 

also lower than 178 °C, 181 °C and 182 °C reported 

respectively for biodiesels of sunflower oil, rapeseed oil and 

olive oil [37]. The value also falls below the ASTM (˃130 

°C) standard limit but within the EN (˃101 °C) standard limit 

for biodiesel. The fire point for the biodiesel produced is 210 

°C. This is lower than the 123 °C reported for watermelon 

seed oil biodiesel [26]. Pour point (PP) of a fuel oil refer to 

the lowest temperature at which a fuel stops flowing. This is a 

very important determinant of cold flow operation since the 

fuels can only flow at temperatures above their pour. 

Biodiesels in general have higher cloud point as well as pour 

point compared to fossil-diesel [38] and both of these 

characteristics are relevant in the handling of biodiesel in 

colder regions. The biodiesel prepared has a cloud point of -

10 °C. This is lower than 12 °C [30], 3 °C [57] and 8 °C, [55], 

for biodiesels produced from mango seed oil, shea nut butter 

and jatropha oil respectively. The pour point is -3 °C. This is 

lower than -6 °C, -8 °C and -5 °C found respectively for 

sunflower oil biodiesel, rapeseed oil biodiesel and olive oil 

biodiesel [37]. The pour point as well as the cloud point of the 

biodiesel in this work have been found to be within the range 

(-15 
o
C to -16

 o
C and -3 

o
C to -12 

o
C respectively) of the 

ASTM Standard [54]. Kinematic viscosity of the sweet 

almond seed oil biodiesel produced is 4.14 cSt. This is within 

the ASTM standard (4-6 cSt) and close to the values (4.42 cSt 

and 4.82 cSt) reported for shea nut butter biodiesel [58] and 

jatropha seed oil biodiesel [55]. However, the value is lower 

than 5.82 cSt for biodiesel prepared from mango seed oil [30].  

Low viscosity fuels provide good lubrication while high 

viscosity fuels partially combust, causing increased in exhaust 

emissions and buildup of fuel in engine [30]. 

 

The biodiesel prepared in this study has iodine value (IV) of 

89.85 ±0.7 gI2/100g. This is lower than 120 gI2/100g standard 

iodine value reported as Europe’s EN 14214 specifications 

[59] and as ASTM D6751 [60] for standard fuels. IVs are 

determinants of viscosities and cloud points. Fuels with lower 

IV are better biodiesels. Fuels with IVs greater than 50 

decrease engine life but they provide better viscosity needed 

in cooler conditions [61]. The acid value obtained for 
biodiesel prepared in this work is 0.23 mgKOH/g. This value 

is lower than 0.28 mgKOH/g, and 0.35 mgKOH/g 

respectively for shea nut butter biodiesel [58] and rapeseed oil 

biodiesel [37]. Acid value is a direct measures of the amount 

of free fatty acid in a biodiesel. It is also useful in determining 

the quality of the biodiesel. A high acid value means that the 

fuel is of low quality [30]. Peroxide value (PV) of biodiesels 

measures the quantity of peroxides produced when the air 

(oxygen) reacts with fatty esters, initiating the oxidative 

degradation of the biodiesels [62]. The PV of the biodiesel 

produced is 2.7 mMol/Kg. This is lower than that (3.96 meq. 

O2 kg
–1

) reported for biodiesel made from waste frying [62]. 

The saponification value of the biodiesel produced from 

sweet almond seed oil is 151.55±0.03 mgKOH/g. This is 

lower than 154 mgKOH/g obtained for water melon seed oil 

biodiesel [26] and 193.55 mgKOH/g obtained for biodiesel 

prepared from jatropha seed oil [63]. It is much lower than 

244.74 mgKOH/g obtained for groundnut oil biodiesel [48]. 

 

Fatty acid profile of almond seed oil 
Table 3: Fatty Acid Profile of Almond Seed Oil 

Fatty acids Saturation %RA of Prunus 

amygdalus 

Palmitic acid 

Palmitoleic acid 

16.0 

16:1 

8.65 

1.68 

Oleic acid 18.1 61.62 

Linoleic acid 18.2 27.36 

Icosanoic acid 20:0 0.69 

Total unsaturated 

 

 90.66 

Total monounsaturated  63.30 

%RA = Percentelative Abundance 

 

Table 3 shows the fatty acids content of the sweet almond 

seed trans-esterified oils. Oleic acid (61.62%) and linoleic 

acid (27.36%) are the most dominant among the fatty acids 

present in sweet almond seed oils. Although most (90.66%) of 

the fatty acids present are unsaturated, 63.30% of the fatty 

acids are monounsaturated. Oils with high percentages of 

monounsaturated fatty acids are good feedstock for biodiesel 

production [64], [65], [66]. Consequently, with high 

monounsaturated content, almond seed oil represents a good 

feedstock for biodiesel production. 

 

5. Conclusion and Future Scope 

This study has been carried out to prepare biodiesel from 

sweet almond seed oil by acid-catalysed transesterification of 

the extracted oil. Both the oil extracted and the biofuel 

produced were characterised and the biodiesel was compared 

to the ASTM standards. The sweet almond seed has high oil 

yield (50%) and so can be reliably used as oil source. No 

rancidity of oil sample was found during the period of this 

study which indicates that the oils can be stored for a long 

time. The lack of rancidity is also indicated by the low 

peroxide value (10.25±0.1 mMol/Kg) of the oil. The specific 

gravity is 0.97 which means that the oil obtained it is lighter 

than water and of high purity. Moreover, a very high 
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percentage (63.30%) of the fatty acids in the extracted oils is 

monounsaturated which is specifically a good feedstock when 

used in biodiesel production. The biodiesel has a very high 

yield 83%. The fuel properties of the sweet almond seed oil 

biodiesel prepared such as cloud point and kinematic 

viscosity fall within the ASTM standards. The flash point is 

lower when compared with the ASTM standard value but falls 

within the EN standard value while the pour point is higher 

than the ASTM standard value. Further studies should be 

carried out on performance evaluation of biodiesel prepared 

from almond seed oils in diesel engines.  

 

Data Availability  
To facilitate reproducibility, further analysis, validation, 

collaboration and the advancement of knowledge in this field, 

data on this research will be available and accessible through 

the designated channels upon request.  

 

Conflict of Interest 

The authors of this work declare no conflict of interests and 

this work has not been submitted for publication to any other 

journal. 

 

Funding Source 

Funded by the Authors. 

Authors’ Contributions 

Oloruntele Ibrahim Opeyemi and Muhammad Ibrahim Hamza 

researched literature. Oluwaniyi Olusola Omolara and 

Oloruntele Ibrahim Opeyemi conceived the study and 

developed the research protocols. Oloruntele Ibrahim 

Opeyemi and Muhammad Ibrahim Hamza analysed the data.  

All the authors reviewed, edited and approved the final 

version of the manuscript for publication. 

 

Acknowledgement 

The Authors would like to thank Mr and Mrs Oloruntele for 

their guidance. 

 

References 

[1] M.M. Ishola, T. Brandberg, S.A. Sanni, M.J. Taherzadeh, “Biofuels 

in Nigeria: a Critical and Strategic Evaluation.” Renew. Energy, 55; 

554-560. 2013. 
[2] M. Balat, H. Balat, “A critical review of biodiesel as vehicular 

fuel.” Energy Convers. Manag, 49, 2727-2741. 2008.  

[3] A. Demirbas, “Importance of biodiesel as transportation fuel”, 

Energy Policy, 35 (9):4661-4670. 2007. 

[4] U. Rashid, & F. Anwar, “Production of Biodiesel through 

Optimized Alkaline-catalyzed Transesterification of Rapeseed Oil”, 

Fuel, 87 (3): 265-273. 2008. 

[5] A.U. Ofoefule, C.N. Ibeto, U.C. Okoro, O.D. Onukwuli, “Biodiesel 

Production from Tigernut (Cyperus esculentus) Oil and 

Characterization of its Blend with Petro-diesel.” Phy. Rev. Res. 

Int’l, 3:145-153. 2013. 

[6] A.I. Bamigboye, O.O. Oniya, “Fuel Properties of Loofah (Luffa 

cylindrica L.) Biofuel Blended with Diesel.” Afr. J. Environ. Sci. 

Technol., 6, 346-352. 2012. 

[7] S.C. Izah, and E.I. Ohimain, “The Challenge of Biodiesel 

Production from Oil Palm Feedstock in Nigeria.” Greener Journal 

of Biological Sciences, vol. 3, 1-12. 2013. 

[8] O.J. Alamu, M.A. Waheed, S.O. Jekayinfa, “Effect of ethanol–palm 

kernel oil ratio on alkali-catalyzed biodiesel yield.” Fuel, vol 87, p. 

1529-1533. 2008. 

[9] S.O. Giwa, I.A. Chuah, N.M. Adam, “Investigating 

"Egusi"(Citrullus Colocynthis L.) Seed oil as potential biodiesel 

feedstock.” Energies, 3: 607-618, 2010. 

[10] O.J. Alamu, O. Dehinbo, A.M. Sulaiman, “Production and Testing 

of Biodiesel Fuel and Its Blend.” Leonardo Journal of Science. 9.  

p. 95-104 2010.  

[11] E.I. Bello, A.O. Fade-Aluko, S.A. Anjorin, T.S. Mogaji, (2011) 

“Characterization and Evaluation of African Bush Mango Nut 

(Dika nut) (Irvingia gabonensis) Oil Biodiesel as Alternative Fuel 

for Diesel Engines.” Journal of Petroleum Technology and 

Alternative Fuels. 2(9) pp 176-180. 2011. 

[12] A.O. Aliyu,J.M. Nwaedozie, A. Adams, A, “Quality parameters of 

biodiesel produced from locally sourced moringa oleifera and 

citrullus colocynthis I. Seeds found in Kaduna, Nigeria.” Int. Res. 

J. Pure Appl. Chem., 3:377-390. 2013. 

[13] S.O. “Agunbiade and J.O. Olanlokun, Evaluation of some 

nutritional characteristics of Indian almond (Prunus amygdalus) 

Nut.” Pakistan J. Nutr, v. 5, p. 316-318, 2006. 

[14] E.T. Akhihiero and S.O. Ebhodaghe. “Effect of Blending Ratio on 

the Fuel Properties of Almond Biodiesel.” European Journal of 

Sustainable Development Research, 4(3), em0119, 2020.  

[15] N.H. Abu-Hamdeh and K.A. Alnefaie, “A comparative study of 

almond and palm oils as two bio-diesel fuels for diesel engine in 

terms of emissions and performance.” Fuel, 150, 318–324. 2015.  

[16] N.H. Abu-Hamdeh and K.A. Alnefaie, “A Comparative Study of 

Almond Biodiesel-Diesel Blends for Diesel Engine in Terms of 

Performance and Emissions.” BioMed Research International, 1–8. 

2015.  

[17] B.A. Orhevba, S.E. Adebayo and A.O. Salihu “Synthesis of 

Biodiesel from Tropical Almond (Terminalia catappa) Seed Oil” 

Current Research in Agricultural Sciences Vol. 3, No. 4, pp. 57-63 

2016].  

[18] L.B. Umdagas, H. Umar, A.M. Abubakar, Z.A. Turajo, 

"Optimization of Biodiesel from Citrillus Lantanus Seed Oil using 

Alkali-Catalyzed Methanolysis", International Journal of Scientific 

Research in Chemical Sciences, Vol.9, Issue.5, pp.14-19, 2022.  

[19] S.O. Oguche, "Extraction and Physicochemical Characterization of 

Sunflower Seed Oil", International Journal of Scientific Research 

in Chemical Science. Vol.8, Issue.5, pp.1-3, 2021.  

[20] O. Amos, D.S. Ogunniyi, & T.E. Odetoye, “Production of biodiesel 

from Parinari polyandra B. seed oil using bio-based catalysts.” 

Nigerian Journal of Technological Development, 13(1), 26-30. 

2016. 

 [21] AOCS “Official methods and recommended practices of the 

American Oil Chemists Society” (14
th

 ed.), Champaign, American 

Oil Chemists Society, USA. 2002 

[22] P. Indhumathi, P.S. Syed Shabudeen and U.S. Shoba, “A Method 

for Production and Characterization of Biodiesel from Green Micro 

Algae.” International Journal of Bio-Science and Bio-Technolog, 6 

(5): 111-122. 2014. 
[23] N. Eman and I.T. Cadence, “Characterization of Biodiesel 

Produced from Palm Oil via Base Catalyzed Transesterification.” 

Procedia Engineering, 53: 7-12. 2012 

[24] C.A.T. Ouattara, K.S. Marius, M. Rachel, and S.T. Alfred, 

“Comparative physico-chemical and proximate analysis of oils of 

Shea nut, Sesamum indicum, Cucurbita pepo, Cucumis melo seeds 

commonly cultivated in West Africa.” Afr. J. Biotechnol. 14(31): 

2449-2454. 2015. 

[25] A.J. AL-Hamdany and T.W. Jihad “Oxidation of Some Primary and 

Secondary Alcohols Using Pyridinium Chlorochromate.” Tikrit 

Journal of Pure Science, 17, 72-76. 2012 

[26] A.O. Oladeji, “Production of Biodiesel from Watermelon (Citrullus 

lanatus) Seed Oil.” Leonardo Journal of Sciences, 63-74: 1583-

0233. 2015. 

[27] L. Wang (2013). “Properties of Manchurian apricot (Prunus 

mandshurica Skv.) and Siberian Apricot (Prunus sibirica L.) Seed 

Kernel Oils and Evaluation as Biodiesel Feedstocks.” Ind. Crops 

Prod., 50:838-843. 2013. 



Int. J. Sci. Res. in Chemical Sciences                                                                                                        Vol.10, Issue.4, Aug 2023   

© 2023, IJSRCS All Rights Reserved                                                                                                                                             30 

[28] A.C. Pinto, I.L.N. Guarieiro, M.J.C. Rezende, N.M. Ribeiro, E.A. 

Torres, W.A. Lopes, “Biodiesel: an overview.” J. Braz. Chem. Soc. 

16; 1313-1330. 2005. 

[29] M.A. Ali, M.A. Sayeed, M.S. Yeasmin, M.A. Khan, M.S. Reza, 

“Characteristics of seed oils and nutritional compositions of seeds 

from different varieties of Momordica charantia Linn. Cultivated in 

Bangladesh.” Czech J Food Sci 26: 275-283. 2008. 

[30] U. Musa, I.A. Mohammed, M.M. Sadiq, A.M. Aliyu, B. Suleiman 

and S. Talabi, “Production and Characterization of Biodiesel from 

Nigerian Mango Seed Oil.” Proceedings of the World Congress on 

Engineering 2014 Vol 1, 645-649. 2014. 

[31] O. Duduyemi, S.A. Adebanjo, & K. Oluoti, “Extraction and 

determination of physico- chemical properties of watermelon seed 

oil (Citrullus lanatus L) for relevant uses.” International Journal of 

Scientific & Technology Research, 2(8), 66 – 68. 2013. 

[32] H.O. Ogunsuyi and B.M. Daramola, “Evaluation of almond 

(Prunus amygdalus) Seed Oil as a Viable Feedstock for Biodiesel 

Fuel.” International Journal of Biotechnology Research. 1(8) 120-

127. 2013. 

[33] A. Onimawo, F. Oyeno, G. Orokpo, and P.I. Akubor, 

“Physicochemical and Nutrient Evaluation of African Bush Mango 

(Irvingia gabonensis) Seeds and Pulp.” Plant Foods for Human 

Nutrition, 58:1- 6. 2003. 

[34] W.C. Powe, “Kirk-Othmer Encyclopedia of Chemistry 

Technology”, 3rd ed. New York: Wiley-Interscience Publishers, 

p41. 1998. 

[35] J.V. Gerpen, B. Shanks, R. Pruszko, D. Clemens, G. Knothe, “The 

ASTM Specification for biodiesel: Biodiesel Analytical Methods” 

NREL CO 68-72.  2004. 

[36] T.E. Odetoye, D.S. Ogunniyi, and G.A. Olatunji, “Refining and 

Characterization of Underutilized-Seed Oil of Parinari polyandra 

Benth for Industrial Utilization.” NJPAS. 27: 2538 - 2551. 2014. 

[37] G. Anastopoulos, Y. Zannikou, S. Stournas, & S. Kalligeros, 

“Transesterification of Vegetable Oils with Ethanol and 

Characterization of the Key Fuel Properties of Ethyl Esters.” 

Energies, 2(2), 362–376. 2009. 

[38] R. Sakthivel, K. Ramesh, R. Purnachandran, & S.P. Mohamed, “A 

Review on the Properties, Performance and Emission Aspects of 

the Third Generation Biodiesels.” Renewable and Sustainable 

Energy Reviews, 82, 2970–2992. 2018. 

[39] P.M. Ejikeme, C.A.C. Egbuonu, I.D. Anyaogu and V.C. Eze, “Fatty 

acid methyl esters of melon seed oil: Characterization for Potential 

Diesel Fuel Application.” Leonardo Journal of Sciences. 18. 75-84. 

2011 
[40] K. Esuoso, H. Lutz, M. Kutubuddin, & E. Bayer, “Chemical 

composition and potential of some underutilized tropical biomass. 

I: fluted pumpkin (telfairia occidentalis).” Food Chemistry, 61(4), 

487–492. 1998. 

[41] E.C. Ossai, & O.U. Njoku, “Production and Characterization of 

Biodiesel from Fluted Pumpkin (Telfairia occidentalis Hook F) 

Seed Oil.” Asian Journal of Research in Chemistry, 4, 1582-1586. 

2011. 

[42] S.A. Rahul and K.M. Shrinivas, “Analysis of Physiochemical 

Properties and Fatty Acid Profile of Citrullus vulgaris Seed Oil.” 

Journal of Chemical and Pharmaceutical Research, 7(4):230-233. 

2015. 
[43] I.E. Akubugwo, and A.E. Ugbogu, “Physicochemical studies on oils 

from five selected Nigerian plant seeds.” Pak. J. Nutr., 6: 75-78. 

2007. 

[44] S.A. Odoemelam, “Proximate Composition and Selected 

Physicochemical Properties of the Seeds of African oil Bean 

(Pentaile thramarcrophlla).” Pakistan Journal of Nutrition, 4(6): 

382-383. 2005. 

[45] G.N. Anyasor,K.O. Ogunwenmo, O.A. Oyelana, D. Ajayi, J. 

Dangana, “Chemical Analyses of Groundnut (Arachis hypogaea) 

Oil.” Pakistan Journal of Nutrition, 8(2): 269-272. 2009. 

[46] M.A.B. Prashantha, J.K. Premachandra, A.D.U.S. Amarasinghe, 

“Composition, Physical Properties and Drying Characteristics of 

Seed Oil of Momordica  charantia Cultivated in Sri Lanka.” J Am 

Oil Chem Soc 86: 27-32. 2009. 

[47] J.M. Nzikou, M. Mvoula-Tsieri, L. Matos, E. Matouba, A.C. 

Ngakegni, M. Linder, and S.C. Desobry, “Solanum Nigrum L. 

Seeds as an Alternative Sources of Edible Lipids and Nutrition in 

Congo Brazzarille.” Journal Applied Science, 7:1107-1115. 2007. 

[48] C.N. Ibeto, A.U. Ofeofule and H.E. Ezeugwu, “Fuel Quality 

Assessment of Biodiesel Obtained from Groundnut Oil (Arachis 

hypogea) and Its Blend with Petroleum Diesel.” American Journal 

of Food Techn. vol 6, (9) pp 798-803. 2011. 

[49] M.A. Omotoso, M.J. Ayodele, A.O. Akintudire, “Comparative 

Study of the Properties of Biodiesel Prepared from Jatropha 

Curcas Oil and Palm Oil.” Global Research Journals, 1(1) 1-13. 

2011. 

[50] A. Galadima, Z.N. Garba, B.M. Ibrahim, “Homogeneous and 

Heterogeneous Transesterification of Groundnut Oil for 

synthesizing methyl Biodiesel.” International Journal of Pure and 

Applied Sciences, 2(3)138-144. 2008. 

[51] S.O. Giwa, & C.O. Ogunbona, “Sweet almond (Prunus amygdalus 

“dulcis”) seeds as a potential feedstock for Nigerian Biodiesel 

Automotive Project.” Ambiente e Agua - An Interdisciplinary 

Journal of Applied Science, 9(1). 2014. 

[52] O.J. Alamu, M.A. Waheed, S.O. Jekayinfa, “Alkali-Catalyzed 

Laboratory Production and Testing of Biodiesel from Nigerian 

Palm Kernel Oil.” Agricultural Engineering International: The 

Commission Internationale du Genie Rural (CIGR) Journal of 

Scientific Research and Development, Manuscript No. EE 07 009, 

IX, p. 1-11. 2007 

[53] E. A. Ajav and A.O. Akingbehin, “A Study of some Fuel Properties 

of Local Ethanol Blended with Diesel Fuel” Agricultural 

Engineering International: The CIGR Journal of Scientific Research 

and Development, vol IV, Manuscript No. EE 01 003. Pp 1-9 2002 

[54] Y. Yuan, A. Hansen, Q. Zhang, “The Specific Gravity of Biodiesel 

Fuels and Their 

Blends with Diesel Fuel”. Agricultural Engineering International: 

the CIGR Journal of 

Scientific Research and Development. Manuscript EE 04 004. Vol. 

VI. September, 2004. Pp 1-12. 2004. 

[55] A.S. Raja, S.D.S. Robinson and C.R.L. Lindon, “Biodiesel 

Production from Jatropha oil and its Characterization.” Res. J. 

Chem. Sci., 1(1), 81–87. 2011.  

[56] A.R. Sadrolhosseini, M.M. Moksin, H.L.L. Nang, M. Norozi, 

W.M.M. Yunus, & A. Zakaria, “Physical Properties of Normal 

Grade Biodiesel and Winter Grade Biodiesel.” International 

Journal of Molecular Sciences, 12(4), 2100–2111. 2011. 

[57] W.T. Wazilewski, R.A. Bariccatti, G.I. Martins, D. Secco, S.N.M. 

Souza, H.A. de Rosa, & L.I. Chaves, “Study of the Methyl Crambe 

(Crambe abyssinica Hochst) and Soybean Biodiesel Oxidative 

Stability.” Industrial Crops and Products, 43, 207–212. 2013. 

[58] C.C. Enweremadu and O.J. Alamu O.J. “Development and 

characterization of biodiesel from shea nut butter.” Int. 

Agrophysics, 24, 29-34.  2010 

[59] S.M. Son, K. Kusakabe and G. Guan, “Biodisel Synthesis and 

Properties from Sunflower and Waste Cooking Oils Using CaO 

Catalyst under Reflux Conditions.” J. Applied Sci., 10; 3191-3198. 

2010. 

[60] ASTM “ASTM D6751-08: Standard specification for biodiesel fuel 

(B100) blend stock for distillate fuels” Annual Book of ASTM 

Standards (West Conshohocken, PA: ASTM International) 2003. 

[61] M.D. Caye, P.N. Nghiem, H. Terry and A. Walk, “Biofuels 

Engineering Processing Technology” (New York: McGraw-Hill) 

2008. 

[62] A.S.A. Ismail, and M.R.F. Ali, “Physico-chemical Properties of 

Biodiesel Manufactured from Waste Frying Oil Using Domestic 

Adsorbents” Sci. and Technol. Adv. Materials. 16 340-362 2015. 

[63] E. Akbar, Z. Yaakob, S.K. Kamarudin, M. Ismail, and J. Salimon, 

“Characteristic and Composition of Jatropha curcas Oil Seed from 

Malaysia and its Potential as Biodiesel Feedstock.” European 

Journal of Scientific Research, 29, 396-403. 2009 

[64] J.M.N. Marikkar, H.M. Ghazali, & K. Long, “Composition and 

Thermal Characteristics of Madhuca longifolia Seed Fat and Its 

Solid and Liquid Fractions.” Journal of Oleo Science, 59(1), 7–14. 

2010. 



Int. J. Sci. Res. in Chemical Sciences                                                                                                        Vol.10, Issue.4, Aug 2023   

© 2023, IJSRCS All Rights Reserved                                                                                                                                             31 

[65] M.J. Ramos, C.M. Fernández, A. Casas, L. Rodríguez, & A. Pérez, 

‘Influence of Fatty Acid Composition of Raw Materials on 

Biodiesel Properties.” Bioresource Technology, 100(1), 261–268. 

2009. 
[66] G. Knothe, “Designer” Biodiesel: Optimizing Fatty Ester 

Composition to Improve Fuel Properties.” Energy & Fuels, 22(2), 

1358–1364. 2008. 
 

 

AUTHORS PROFILE 

Oluwaniyi Olusola Omolara is a Professor of chemistry at 

the University of Ilorin, Ilorin, Nigeria. Her research interests 

include organic chemistry, medicinal chemistry and 

phytochemistry. 

 

Oloruntele Ibrahim Opeyemi holds B.sc and Master’s 

degrees in industrial chemistry from the University of Ilorin, 

Ilorin, Kwara State Nigeria in 2014 and 2018 respectively. He 

is currently working as an Assistant lecturer at the Federal 

University of Health Sciences Ila-Orangun, Osun State, 

Nigeria. His research focuses on food, medicinal and organic 

synthesis chemistry. 

 

Olaniyi Oladapo Bashir is a Research Technical Instructor 

at the Nigerian Sugar Institute Ilorin, Nigeria. He holds a 

Bachelor of Science Degree in Industrial Chemistry from 

University of Ilorin, Masters of Science Degree from same 

institution, had a Diploma in Quality Control and 

Environmental Science from National Sugar institute Kanpur 

India and is currently in a PhD degree programme at 

University of Ilorin. His area of research includes organic 

chemistry, nanochemistry, cellulose, Sugar and it's 

byproducts, water and waste water treatment. He is an author 

of several journals and review articles. 

 

Sekoni Hauwa Adenike holds a B.Sc and Master’s degree in 

Chemistry and Industrial Chemistry respectively from the 

University of Ilorin, Ilorin, Nigeria in 2013 and 2018 

respectively. She currently works as a Senior Examination 

Officer at the National Examination Council (NECO) in 

Ilorin, Kwara State, Nigeria. 

 

Muhammad Ibrahim Hamza is an Assistant Lecturer at the 

University of Lafia, Nigeria. He holds M.Sc in Industrial 

Chemistry. His research interests include natural products 

chemistry and phytochemistry. 

 



    

 

 
Submit your manuscripts at 

www.isroset.org 
email: support@isroset.org 

 

 

 
 

 
   

Call for Papers:  

Authors are cordially invited to submit their original research papers, based on theoretical or experimental works for 

publication in the journal. 

All submissions:                                                                                                                          

- must be original 

- must be previously unpublished research results 

- must be experimental or theoretical 

- must be in the journal's prescribed Word template 

- and will be peer-reviewed 

- may not be considered for publication elsewhere at any time during the review period 

https://www.isroset.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJMSRP/index.php
https://www.ijsrnsc.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJSRBS/index.php
https://www.isroset.org/journal/IJSRCS/index.php
https://www.isroset.org/journal/IJSRCSE/index.php
https://www.isroset.org/journal/WAJES/index.php
https://www.isroset.org/journal/JPCM/index.php
https://www.isroset.org/journal/IJSRMSS/index.php
https://www.isroset.org/journal/IJSRMS/index.php
https://www.isroset.org/journal/WAJM/index.php
https://www.isroset.org/journal/IJSRPAS/index.php
https://www.ijcseonline.org/

	4-ISROSET-IJSRCS-08786
	Last page of Each Paper

