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ABSTRACT 

The rapid growth in global energy demand and carbon dioxide emissions from fossil fuels has driven the 

search for alternative, renewable energy sources with lower environmental impact. The search for alternative 

energy sources has become increasingly important to address social issues like rising petroleum prices and 

environmental concerns such as air pollution and global warming. Biodiesel is a biodegradable, renewable 

energy source with good lubrication properties and no sulfur or harmful aromatic compounds. This study 

assessed biodiesel production from Ogbomoso, Cherry and Saigon mango seeds. Cherry and Saigon mango 

seeds were sourced from National Horticultural Research Institute Ibadan and Ogbomoso mango seeds 

collected from Arada market in Ogbomoso town, Oyo State Oil extraction was through soxhlet apparatus and 

n-hexane as solvent. The data obtained were subjected to descriptive (mean and range) and inferential 

(ANOVA) statistics.  Highest biodiesel yield was observed at 60 °C, 10 ml and 0.8 g of temperature, 

methanol and KOH respectively. Some of the fuel properties of biodiesel produced ranged between 125.91–

169.31 mgKOH/g (saponification); 714.67– 892.33 g/cm3 (density); 0.807–0.920 kg/l (specific gravity); 

149.00–168.67 °C (flash point); 48.03–52.20 (cetane number); 4.32–6.80 mm2/s (viscosity); 0.92–1.23 

mgKOH/g (acid value); and 0.46–0.615 mgKOH/g (free fatty acid). These values were within the standard of 

American Society for Testing and Materials. Biodiesel produced from Cherry, Ogbomoso and Saigon of 

mango seeds had high flash point, largely methanol free and Ogbomoso mango produced more biodiesel 

among the mango seeds used during the study. 

Keywords: Transesterification, Biodiesel, Bleaching agent, Mangifera indica and n-hexane. 

INTRODUCTION 

In recent decades, concerns have grown over the use of vegetable oils as a preferred material over petroleum 

or mineral oil due to environmental and sustainability issues. (1) The rapid growth in global energy demand 

and carbon dioxide emissions from fossil fuels has driven the search for alternative, renewable energy 

sources with lower environmental impact. (2,3) The search for alternative energy sources has become 

increasingly important to address social issues like rising petroleum prices and environmental concerns such 

as air pollution and global warming. (4,5) This has led to a widespread search for cheap and eco-friendly 

alternative energy sources. (6) A large number of studies on biodiesel production have been conducted due 

to its potential to reduce dependence on fossil-based liquid fuel (7). Biodiesel is defined as mono-alkyl esters 

derived from vegetable oils or animal fats by a chemical process called transesterification (8). Biodiesel is 
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biodegradable, renewable energy source with good lubrication properties and has no sulfur or harmful 

aromatic compounds. (9). Biodiesel production enjoys a positive social impact by enhancing rural 

revitalization. The use of biodiesel in diesel engine reduces CO and HC emissions and increases the NOx 

emission which is as a result of the increase in the level of Oxygen during combustion (10). According to 

Deeper et al. (11), transesterification is the process used in biodiesel production. 

Technically, biodiesel is not yet considered a popular alternative source of energy to conventional fossil fuels 

worldwide due to its high production costs, which are largely attributed to the cost of raw materials and 

labor. As a result, the fundamental policy goals for biodiesel have not been fully achieved. The non-

availability of raw materials and effective catalytic systems are major challenges facing the 

commercialization of biodiesel, hindering its ability to meet global demand and align with the United 

Nations Millennium Environmental goals (12). 

According to reports (13, 14), mango (Mangifera indica) is considered a major fruit in Asia, with significant 

global production. India is regarded as the largest producer of mangoes, accounting for 44.4% of total world 

production. 

According to Ayaga (15), Nigeria and Guinea are major mango producers in Africa. Mangoes are a nutrient-

rich tropical fruit, renowned for their flavor and scent. They belong to the Family Anacardiaceae (16). 

They're rich in sugars, acids, polyphenols, and ascorbic acid, making them a valuable source of antioxidants. 

(17,18) Mangoes contain high levels of β-carotene and phytochemicals, which may help prevent various 

cancers. They're composed of three main parts: seed kernel, epicarp, and pulp. (19-23). 

Mango kernels (seeds) require further processing beyond their use in canned fruit factories, as they contain a 

valuable fat called mango seed almond fat, which is rich in stearic acid, making them a potential resource for 

additional applications (24). It has been observed that mango peels and seeds are generated as waste during 

processing, accounting for approximately 40-50% of the total fruit weight (15). The kernel inside the seed 

represents 45-75% of the seed and about 20% of the whole fruit (25). The oil extracted from the kernel has a 

soft yellow color with a melting point of 32-36°C (26). 

The oil is high in unsaturated fatty acids, such as oleic acid, which accounts for 46.2% (27). Global warming 

and unfavorable climate change are major concerns for users of fossil fuels. Rapeseed oil (28) and Desert 

Date seed oil (29) are considered sources of renewable energy and have been identified as suitable 

replacements for fossil fuels. Despite their abundance during harvest seasons, which often results in 

environmental waste, limited research has been conducted on producing biodiesel from mango seeds. This 

research gap motivated our study, which aimed to assess the potential of biodiesel production from three 

varieties of mango seeds. 

MATERIALS AND METHODS 

Collection and Preparation of Mango Seeds 

Mango seeds, (Saigon and Cherry mango) were sourced Ibadan from National Horticultural Research 

Institute (NIHORT) while Ogbomoso mango was collected from Ogbomoso town both in Oyo state. These 

mango seeds were sun dried and cracked to collect the kernels which was also sun dried. The kernels were 

then grinded in a food grinder to reduce the particle size to a minimum diameter of 0.005 mm as measured 

by a sieve 

Extraction of Oil from Mango seeds. 

About 300 mL of normal hexane was poured into round bottom flask, while 100 g of the sample was placed 

in the thimble and was inserted in the center of the extractor. The Soxhlet was heated at 60oC and when the 

solvent was boiling, the vapor rise through the vertical tube into the condenser at the top. The liquid 

condensate dripped into the thimble in the Centre. The extract seeped through the pores of the thimble and 
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filled the siphon tube, where it flowed downward into the round bottom flask. This process continued for a 

period of 6 – 8 hours. It was removed and oven dried, cooled in the desiccators and weighed to determine the 

amount of oil extracted (29) Further extraction was carried out repeatedly 3 times for better extraction (30) 

The extracted oil was stored in a container for subsequent characterization. 

Experimental Design 

The experimental design was 3 x 3 x 3 x 3 factorial (15) of mango seeds (Cherry, Ogbomoso and Saigon), 

temperature (45, 60 and 75 °C), methanol (5, 10 and 15 mL) and bleaching agent (KOH) (0.4, 0.8 and 1.2 g). 

The experiment was replicated thrice. 

Acid Esterification Procedure 

The extracted oil was dehydrated by heating to above 100 oC on a hot plate to remove its water content. The 

dehydrated oil was then esterified to reduce the percentage free fatty acid by agitating with a mixture of 300 

ml methanol and 1 % (w/v) of H2SO4 acid, heated to 60 OC for one hour (31). The mixture was allowed to 

settle in a separating funnel, the upper layer containing methanol and water while the lower layer contained 

the vegetable oil. The oil was separated and methanol was recovered from methanol – water mixture. 

Transesterification Procedure 

25 mL of the oil was introduced into the reactor (thermometer and magnetic stirrer) and mounted on a 

hotplate, thereafter; measured amount of methanol/KOH stock solution (potassium methoxide.) 5 mL mixed 

for 10 minutes was added into the reactor and stirrer was put to start. The methoxide was introduced gently 

into the heated oil and entire content was brought to a temperature of 45oC and maintained at this 

temperature for one hour reaction time. The temperature for the process was varied from 45 to 75oC at a 

methanol volume of 5 to 15 mL, bleaching agent (KOH) weight of 0.4 to 1.2 g for one hour each. The 

reaction product mixture was then allowed to stand for 16 hours to separate into the biodiesel phase (upper 

phase) and glycerol (lower phase). The biodiesel produced was washed using warm water since water is a 

solvent that can dissolve KOH and methanol, and can also be separated from the oil after being mixed. The 

biodiesel layer was washed three times. and dried, then it was measured (using measuring cylinder) and 

recorded. 

Data Analysis 

Data collected were subjected to descriptive (mean, standard deviation and percentages) and Inferential 

(ANOVA) statistics. Means were separated using Duncan Multiple Range Test (DMRT).                               

RESULTS AND DISCUSSION  

Effect of Temperature on Biodiesel Production from Seed oil of Cherry, Ogbomoso and Saigon 

mangos. 

The effect of temperature on biodiesel production, as presented in Figure 3, shows that increasing the 

temperature from 45 to 60 °C increased the biodiesel yield of cherry mango from 58 to 71%. However, 

further increase in temperature resulted in a decrease in yield to 51%. Similarly, the yield from Ogbomoso 

mango seed oil increased from 61 to 72% as the temperature increased from 45 to 60 °C, but reduced to 52% 

when the temperature was adjusted to 75 °C. The yield from Saigon mango seed oil also increased from 63 

to 69% as the temperature varied from 45 to 60 °C, but decreased to 51% with further temperature increase. 

There were significant (p < 0.05) differences in biodiesel yield among the three varieties at varying 

temperatures. The results indicate that the optimum temperature for biodiesel production from mango seed 

oil was 60 °C. Reaction temperature significantly impacts biodiesel production by influencing the reaction 

rate (32, 33). According to Umaru et al. (31), alkaline transesterification reactions are typically conducted 

near the boiling point of the alcohol used, and temperatures higher than this can burn off the alcohol, 

resulting in lower yields. 
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Figure 1: Effect of temperature on biodiesel production from mango seed oil, significant differences at p < 

0.05 according to Duncan’s Multiple Range Test. 

Effect of Methanol on Biodiesel Production from Seed Oil of Cherry, Ogbomoso and Saigon mangos  

Biodiesel yield produced from the mango pretreated oil increased as the methanol volume increased from 5 

to 10 mL Further increase in methanol volume to 15 mL, resulted in decrease in the yield. On the contrary, 

the yield from Saigon mango oil decreased as the methanol volume increased from 5 to 15 mL as observed 

from Figure 2. The decrease in biodiesel yield when  methanol volume increased to 15 mL suggests that the 

methanol content was high thereby resulting into more soap formation than the biodiesel causing difficulties 

in separating excess methanol from biodiesel and glycerol (34, 31). The yield at 15 mL volume of methanol 

differed significantly (p < 0.05) from the yields at 5 to 10 mL 

 

Figure 2: Effect of methanol on biodiesel production from mango seed oil, significant differences at p < 0.05 

according to Duncan’s Multiple Range Test. 
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Effect of Bleaching Agent (KOH) on Biodiesel Production from Seed Oil of Cherry, Ogbomoso and 

Saigon mangos  

Increase Potassium hydroxide (KOH) from 0.4 to 0.8 g resulted in increased yield from 61 to 63 %. Upon 

further increase in KOH to 1.2g, the yield dropped to 56 %. Significant (p < 0.05) difference existed between 

the yield at 1.2 g and the yields at 0.4 and 0.8 g 

The yield of biodiesel from Ogbomoso mango increased from 62 to 64 %, but reduced to 58 % as KOH 

varied from 0.8 to 1.2 g, significant (p < 0.05). In contrast to Cherry and Ogbomoso mangos, the yield from 

Saigon mango reduced significantly from 64 to 57 %, as KOH varied from 0.4 to 1.2 g. However, significant 

(p < 0.05) difference existed between the yield at 1.2 g and the yields at 0.4 and 0.8 g . The trend observed in 

this study showed that there was an increase in biodiesel yield as KOH increased from 0.4 to 0.8 g, but 

reduced at 1.2 g of KOH. This can be clearly explained by the reversible nature of transesterification reaction 

(31). 

 

Figure 3: Effect of KOH on biodiesel production from mango seed oil 

In comparing the biodiesel production from the three varieties of mangos (Table 1), Ogbomoso mango was 

higher than the Cherry and Saigon mangos. The results obtained from this study are similar to those of 

Baydir and Aras, (35). The study observed the optimum yield of 99 % at a temperature of 60 °C. The study 

conducted by Wang et al. (36) also reported an   80 % yield for palm oil. 

Table 1: Comparison of yield from the three varieties of mango seeds (Cherry, Ogbomoso and Saigon). 

Quantity Temperature Methanol quantity Catalyst Cherry Ogbomoso Saigon 

25 45 5 0.4 0.609 ± 0.003c 0.640 ± 0.004b 0.669 ± 0.004a 

25 45 10 0.4 0.645 ± 0.015c 0.679 ± 0.014b 0.688 ± 0.004a 

25 45 15 0.4 0.509 ± 0.006c 0.543 ± 0.020b 0.676 ± 0.004a 

25 60 5 0.4 0.749 ± 0.001b 0.685 ± 0.039c 0.813 ± 0.004a 

25 60 10 0.4 0.820 ± 0.014b 0.830 ± 0.013a 0.754 ± 0.004c 

25 60 15 0.4 0.617 ± 0.004b 0.631 ± 0.013a 0.585 ± 0.004c 
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25 75 5 0.4 0.524 ± 0.003c 0.533 ± 0.002a 0.533 ± 0.004a 

25 75 10 0.4 0.551 ± 0.011a 0.542 ± 0.009b 0.513 ±0.004c 

25 75 15 0.4 0.506 ± 0.003c 0.515 ± 0.002b 0.569 ± 0.004a 

25 45 5 0.8 0.633 ± 0.001c 0.651 ± 0.020jb 0.656 ± 0.004a 

25 45 10 0.8 0.657 ± 0.004b 0.681 ± 0.003a 0.604 ± 0.004c 

25 45 15 0.8 0.537 ± 0.004c 0.570 ± 0.002b 0.658 ± 0.004a 

25 60 5 0.8 0.784 ± 0.015a 0.749 ± 0.022b 0.737 ± 0.004c 

25 60 10 0.8 0.858 ± 0.006b 0.900 ± 0.007a 0.838 ± 0.004c 

25 60 15 0.8 0.620 ±0.004b 0.643 ± 0.006a 0.550 ± 0.004c 

25 75 5 0.8 0.508 ± 0.007c 0.524 ± 0.004b 0.534 ± 0.004a 

25 75 10 0.8 0.523 ± 0.006c 0.551 ± 0.016a 0.525 ± 0.004b 

25 75 15 0.8 0.510 ± 0.004c 0.521 ± 0.003b 0.547 ± 0.004a 

25 45 5 1.2 0.563 ± 0.012b 0.576 ± 0.003a 0.577 ± 0.004a 

25 45 10 1.2 0.547 ± 0.026c 0.593 ± 0.013a 0.555 ± 0.004b 

25 45 15 1.2 0.507 ± 0.003c 0.519 ± 0.007b 0.584 ± 0.004a 

25 60 5 1.2 0.633 ± 0.012c 0.667 ± 0.020b 0.675 ± 0.004a 

25 60 10 1.2 0.674 ± 0.008b 0.720 ± 0.002a 0.661 ± 0.004c 

25 60 15 1.2 0.612 ± 0.003a 0.608 ± 0.007a 0.578 ± 0.004b 

25 75 5 1.2 0.508 ± 0.003b 0.519 ± 0.003a  0.497 ± 0.004c 

25 75 10 1.2 0.520 ± 0.004a 0.501 ± 0.003b 0.458 ± 0.004c 

25 75 15 1.2 0.453 ± 0.016b 0.473 ± 0.015a 0.422 ± 0.004c 

Different superscripts in the same row indicate significant differences at p < 0.05 according to Duncan’s 

Multiple Range Test 

Fuel Properties of Biodiesel Produced from Three Varieties of Mango Seed Oil. 

The physicochemical properties of biodiesel from Mangifera indica oil were evaluated, and the results are 

presented in Table 2. To determine the potential of the derived biodiesel as a substitute for petroleum diesel 

fuel, parameters such as density, specific gravity, kinematic viscosity, and flash point were assessed. The 

saponification values obtained (as shown in the table) were consistent with the standard specifications. The 

density of the produced biodiesel was found to be in agreement with the findings of Ayoola et al. (37) and 

the standard specifications mentioned in the table. The flash point values obtained for the biodiesel from all 

mango varieties met the ASTM (38) standard, as shown in Table 2. The high flash point values indicate that 

the biodiesel produced is largely free from methanol, which can reduce the flash point and affect diesel 

engine parts such as fuel pumps, seals, and elastomers (39). Additionally, the specific gravity of the biodiesel 

was found to be suitable and consistent with the ASTM (30) standard. The viscosity of the biodiesel met the 

ASTM (38) standard and was consistent with the findings of Darnoko (40). Overall, the results obtained 

from the biodiesel of Mangifera indica oil were mostly consistent with the standard specifications, as shown 

in Table 2. 

Table 2: Fuel properties of biodiesel produced from three varieties of mango seed oil 

Properties Cherry Ogbomoso Saigon ASTM standard 

Saponification (mgKOH/g) 125.91c ± 0.320 169.31a ± 0.552 146.14b ± 0.603 - 

Density (g/cm3) 772.67b ± 0.577 714.67c ± 1.155 892.33a ± 1.528 860 – 900 

Iodine  value (meqiodine/g) 58.80c ± 0.781 72.80a ± 0.361 60.97b ± 0.493 - 

Specific  gravity (kg/l) 0.836b ± 0.015 0.920a ± 0.010 0.807c ± 0.021 0.88 
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Flash point (°C) 152.00b ± 1.000 168.67a ± 0.577 149.00c ± 1.000 100 – 170 

Cetane number 49.47b ± 0.153 52.20a ± 0.265 48.03c ± 0.503 48 – 65 min 

Viscosity (mm2/s, @40°C) 6.567b ± 0.058 4.32c ± 0.104 6.80a ± 0.100 4.0 – 6.0 

Acid    value (mgKOH/g) 1.07b ± 0.038 0.92c ± 0.020 1.23a ± 0.020 0.5 max 

Free     fatty acid (mgKOH/g) 0.535b ± 0.020 0.46c ± 0.010 0.615a ± 0.015 - 

Different superscripts in the same row indicate significant differences at p < 0.05 according to Duncan’s 

Multiple Range Test. 

CONCLUSION  

The primary concerns associated with fossil fuel use are global warming and adverse climate change. 

Biodiesel is a promising alternative to fossil fuels due to its biodegradability, higher flash point, reduced 

exhaust emissions, and renewable energy source. 

Although, the cost implication for producing one litre of this product (Biodiesel fuel) is of an increase when 

compared with cost of a litre of fossil fuel, this is stated below. Also, the availability of feedstock for the 

production of biodiesel is another factor which need to be considered because it will require large quantity of 

feedstock to produce large amount of the biodiesel. Moreso, the other challenges confronting the use of 

biodiesel is the modification of th engines for it use. 

Utilizing mango seed oil for biodiesel production is a viable option, as mango seeds are abundant during 

harvest seasons and can help alleviate environmental waste. 

Biodiesel derived from three varieties of mango seed oil meets standard fuel properties, making it a suitable 

alternative fuel source. 

The optimal conditions for biodiesel production were found to be 60 °C, 10 mL of methanol, and 0.8 g of 

KOH, with Ogbomoso mango yielding the highest amount of biodiesel, followed by Cherry and Saigon 

mangos. 

The study revealed that Ogbomoso mango seeds produced the highest yield of biodiesel compared to Cherry 

and Saigon mango seeds, making it a promising feedstock for biodiesel production. 

Cost Analysis of Biodiesel Production (Conventional Method) 

In the conventional biodiesel production process, approximately 1.287 litres of oil, 0.515 litres of methanol, 

and 41.18 grams of potassium hydroxide (KOH) are required to yield 1 litre of biodiesel. 

Estimated Input Costs: 

 Methanol (0.515 L) costs ₦1,648.00 

 KOH (41.18 g) costs ₦549.00 

Total Production Cost per Litre: 

Combining the two gives a total cost of: ₦1,648.00 (methanol) + ₦549.00 (KOH) = ₦2,197.00 

₦1,648.00 (methanol)+₦549.00 (KOH)=₦2,197.00 

Therefore, the estimated cost to produce one litre of biodiesel using this method is ₦2,197.00, excluding the 

cost of raw oil and other operational expenses. 
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