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ABSTRACT 

The use of petroleum based fuel is increasing rapidly with global industrialization and modernization that creates 

severe issue of energy crises and environmental deterioration. The rapid consumption of petroleum based fuel may 

cause the depletion of fossil fuel reserves that are world’s primary energy resource. The rapid use of fossil fuel in 

transport purpose may cause the various types of pollutants in the environment and the earth’s natural environment 

changing constantly. Now we need to explore renewable energy resource as alternative source of fossil fuel energy. In 

such situation bio-diesel as a renewable energy resource has become more attractive for last two decades. The low 

emission of pollutants from bio-diesel fuel makes it environmentally acceptable by many countries. Among the 

various feed stock of vegetable oil, the sesame seed oil is potential feed stock for the production of bio-diesel as it has 

unique physicochemical properties than other vegetable oil. The opportunities of biodiesel production from sesame 

seed oil is now more challenging worldwide. 
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INTRODUCTION 

The demand of energy in transport sector is gradually 

increasing which causes the gradual decline of fossil fuel 

reserves (Wakil et al., 2015b). The rapid uses of fossil fuel 

releases toxic gases so called nitrogen oxide (NOX), carbon 

monoxide (CO), unburned hydrocarbons and unseen 

particulate matters that are related to cause the global 

warming as well as several human diseases (Aransiola et al., 

2014). It has been shown that about 98% carbon emissions is 

occurred from the combustion of fossil fuel ( Balat 2010). 

The energy is obtained from various sources such as 

modern sources of renewable energy (10.4%), energy in 

traditional biomass (7.8%), nuclear energy (2.2%) and energy 

from fossil fuel(79.5%). Among these the transport sector 

needs approximately 50% of total fossil fuel consumption 

based energy (2018). In this context the renewable and 

sustainable fuel can reduce the dependency on fossil fuel. As 

the Global Status Report (2018) shows the use of renewable 

energy in transport sector may be 40% in 2030 that is 

national target of developed countries (2018), so the use of 

bio-diesel as an alternative fuel is very promising. 

Bio-diesel can be obtained from virgin vegetable oil or 

from waste animal fats and oils that may be used alone or 

blending with petroleum diesel (Meher et al., 2006). 

The use of bio-diesel as an alternative fuel is most 

suitable than fossil fuel as the bio-diesel contains good 

physicochemical characteristics (Patel and Sankhava, 2017). 

So many studies have been done for the production of bio-

diesel from several feed stocks such as soybean oil 

(Aransiola et al., 2010), Camelina oil (Wu, 2011), neem oil 

(Muthu et al., 2010, Aransiola et al., 2012), Karanja oil 

(Meher et al., 2006), sesame oil (Saydut et al., 2008) and 

Palm Oil (Margaretha et al., 2012). 

In Asia, Europe and in the United States the bio-diesels 

are prepared from Soybean, Palm and Rapeseed oil (Silitonga 

et al., 2013). The use of corn and sugarcane for the 

production of biofuel creates shortage in food production 

(Silitonga et al., 2019). 

The bio-diesel which is nontoxic containing high cetane 

number with good lubricity and low sulphur content is better 

for use (Wakil et al., 2015b; Imdabul et al., 2016). The 

vegetable oil which contains high percentage of 

monounsaturated fatty acids with low proportion of 

polyunsaturated fatty acid that is good for the bio-diesel 

production (Wang et al., 2011). So the selection of feed stock 

is crucial for the production of vegetable oil. The sesame 

seed oil is suitable because it has high oxidative stability for 

the presence of sesamin, sesamol and sesamolin (anti-

oxidants) and vitamin E (tocopherol) and the sesame seed oil 

also shows high degree of unsaturation with better cold flow 

properties (Pullen and Saeed, 2014). The most significant 

nature of SSO is its resistance to oxidation due to the 

presence of sesamolin, sesamin, lignins (Lee et al., 2008) the 

emission of NOX is low in case of sesame biodiesel 

compared to other biodiesels. The sesame seed oil has 

become more attractive for bio-diesel production because of 

its environmental benefits and energy security (Mujtaba et 

al., 2020). 

History, cultivation and production of Sesame seed 

Sesame (Sesamum indicum L) commonly known as til 

in Asia and as benni seed in Africa (Amoo et al., 2017). 

Sesame cultivation has been started in South Asia before 
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2000 BC during Harappan Civilization time (Fuller 2003). 

Sesame is most valuable oil producing crop. The sesame 

seeds consumed mainly for its high quality food value as it 

contains oil nearly 44-57%, protein 18-25% and carbohydrate 

13-14% (Borchani et al., 2010). Sesame seeds rich in 

carbohydrate, protein and various nutrients such as Ca, Zn, 

Fe (Aglave, 2018). Obiajunwa et al. (2005) carefully studied 

the sesame seeds and reported that the sesame seeds contain 

calcium (Ca), phosphorus (P), manganese (Mn), zinc (Zn), 

copper (Cu) and iron (Fe). Actually Fe plays important role 

in body’s energy metabolism and in the maintenance of 

immunity systems (Roeser, 1986). 

This oil seed crophas been grown throughout tropics 

and sub-tropical regions (Zhang et al., 2013). The sesame 

belong to the family Pedaliaceae with 38 species are known 

(Kobayashi, 1991). This oilseed crop has been grown in 

tropical, sub-tropical region. Sesame is cultivated in India, 

China, South America and Africa (Chakraborty et al., 2008). 

In respect to oil production the position of sesame is 8
th

 

among the other oil seed crops (Mehmood et al., 2018). The 

sesame oil contains fatty acids such as oleic acid 32.7-53.9%, 

linoleic acid 39.3-59.0%, palmitic acid 8.3-10.9% and stearic 

acid 3.4-6.0% (Yermanons et al., 1972). The composition of 

fatty acids of sesame seed oil mainly varies within the 

different types of sesame varieties (Brar, 1942). The 

developing countries produce more sesame than the 

developed countries. Actually half of the world’s sesame 

production have been shown in Asia then followed by Africa 

(Islam et al., 2016). Japan imports highest sesame seeds, 

followed by China though produces maximum sesame seeds. 

USA, Canada and Turkey also import sesame seeds (Sharaby 

and Butovchenko 2019). The sesame has been cultivated in 

many countries such as Myanmar, India, Nigeria, Sudan, 

Uganda, China, Ethiopia, south Sudan and also in Tanzania 

(Mujtaba et al., 2020). 

According to the Food and Agricultural Organization of 

the United Nations (FAOSTAT, 2018), the productions of 

sesame seeds in Africa, Asia and America were 3.14 million, 

2.19 million and 0.189 million tons. Among the various 

oilseed crops like soybean, groundnut, linseed, sunflower, 

rapeseed, the production of sesame in the world is around 

5,532,000 metric tons (FAOSTAT, 2020). 

Uses of sesame seeds and its oil 

The literature shows use of sesame oil since Vedic 

times and in ayurveda it was popular for its healing 

properties that used in Tibetan medicine (Tinay et al., 1976; 

Mozzami and Eldin, 2006). The sesame oil has been applied 

to the abdomen region to reduce the pain related with 

premenstrual syndrome PMS (Tinay et al., 1976). 

The sesame seed contains tocopherol being natural 

antioxidant that can prevent the oil from oxidation and it is a 

good source of vitamin E (Brigelius et al., 2002). The sesame 

oil used as cooking oil in many countries. As the sesame seed 

having antioxidant properties it is used in food industries. 

The sesame seed can be applied in the preparation of various 

recipes such as sesame broccoli rice, ginger sesame chicken. 

The presence of sesamin and sesamolin of sesame enhance 

the oxidation rate of both hepatic mitochondrial and 

peroxisomal fatty acid and the vitamin E of sesame seed can 

protect from heart disease and cancer (Noon, 2003). The 

major lignans presents in the sesame seed having the unique 

characteristics which can reduce the level of arachidonic acid 

and blood lipids (Shimizu et al., 1991). Sesame seeds are 

also used for the preparation of different types of sweets 

(Pathak et al., 2004). The sesame seeds are used to prepare 

bread, confections and tahini an oily paste (Prithviraj and 

Parameshwarappa, 2017). 

The sesame seed oil has been applied for the treatment 

of coughs, migraines, tuberculosis, burns and in eye diseases 

(Hedge, 2012). Sesame seeds being a good source of 

calcium, phosphorus and iron and also full of vitamin B, E 

and it also contain trace elements in small amount (Lyon 

1972; Bedigian et al., 1985). 

Trans-esterification of Sesame Oil : 

The trans-esterification is a process that involves the 

reaction of a triglyceride with an alcohol to get glycerol and 

esters. Several researches (Betiku and Adepoju, 2013; Karim 

et al., 2014; Dawodu et al., 2014; Wakil et al., 2014) 

conducted the trans esterification process of sesame seed oil 

through the use of homogenous base catalyst (KOH, NaOH, 

CH3ONa). It is the conversation of triglyceride into a mono-

alkyl esteri.e bio-diesel and glycerol where alcohol used as a 

catalyst (Demirbas, 2005). The steps of trans esterification of 

vegetable oil to get biodiesel followed by (Karim et al., 

2014) are given here : 

Triglyceride + ROH Diglyceride + RCOOR₁ 

Diglyceride+ ROH Monoglyceride + RCOOR2 

Monoglyceride + ROH Glycerol + RCOOR3 

R1, R2, and R3 denotes any alkyl hydrocarbon chain. 

The utility of the trans-esterification is to reduce the 

viscosity of the oil. The use of ethanol in trans-esterification 

is more preferable than any other alcohol as ethanol is 

obtained from agricultural products (Dias et al., 2012). 

The sesame oil being most resistant towards oxidation 

rancidity that the other vegetable oil and this high resistance 

is due to presence of natural oxidants i.e. sesamine, sesamol, 

sesamolin (0.3-0.5%) and tocopherols (0.5-1.0%) (Hedge, 

2012). The transesterification of sesame seed oil may be done 

by the use of heterogeneous catalyst Ba(OH)2 through 

ultrasound-assisted trans-esterification that generated a 

maximum optimized biodiesel (Sarve et al., 2015). The base-

catalyzed reaction was conducted by Schinas et al. (2009). 

For the production of biodiesel sesame seed oil is most 

useful potential feed stock and it is reported the trans-

esterification of Turkey and Pakistan cultivars of sesame oil 

has been conducted to get bio-diesel (Saydut et al., 2008; 

Ahmed et al., 2010; Ahmed et al., 2011). Betiku and 

Adepoju (2013) made an effort for trans-esterification of 

sesame seed oil from a Nigeria cultivar to get bio-diesel. 

The cost of bio-diesel is high as the high quality virgin 

oil is used for the production of bio-diesel so the use of bio-

diesel in the developing countries could not extended like 

developed countries (Bhatti et al., 2008). Actually fuels that 

are used in transport vehicles releases black smoke 

particulate with SO2, which generates greenhouse gases 

(Phan and Phan, 2008). The high oxygen content of bio-

diesel fuel and its use can reduce the release of carbon 

monoxide, sulfur, poly-aromatics, hydrocarbons and also the 

particulate matter. The bio-diesel is obtained from plant 

materials which does not increase the net atmospheric CO2 

level. The use of feed stock like as waste frying oil and non-
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edible oil may also use to produce bio-diesel (Yahyaee et al., 

2013). 

Standards of Bio-diesel  

The optimization of the trans-esterification process of 

sesame oil to bio-diesel is very significant to determine the 

purity of bio-diesel and the use of Response Surface 

Methodology (RSM) software is best the option for the 

analysis of sesame bio-diesel (Shanmuga prakash and 

Sivakumar, 2013). The determination of bio-diesel fuel 

properties is followed the standard methods and compared 

with American and European Standards (ASTMD6751 and 

DIN EN14214) (Atabani et al., 2012). 

Properties of Sesame Seed Oil based Bio-Diesel 

The quality of bio-diesel fuel is checked by the cetane 

number (CN) that is a measure of ignition quality of diesel 

fuel. In case of bio-diesel the CN is higher than the petro-

diesel due to the presence of high oxygen content in bio-

diesel (Karim et al., 2014). The literature shows the addition 

of alcohol-based additives like methanol, ethanol etc. in very 

small quantity may improve the cetane number for bio-diesel 

fuel and also in blended fuel (Ali et al., 2016; Yasin et al., 

2014). Cold flow properties of bio-diesel are very promising 

in case of sesame seed oil (Wakil et al., 2015b). The high 

degree of unsaturation of sesame seed oil shows best cold 

flow properties with compared to other vegetable oils. 

The flash point of bio-diesel fuel shows higher value in 

comparison with petro-diesel fuel that is required for safe 

transport (Ma and Hanna, 1999). Betiku and Adepoju (2013) 

reported that sesame seed oil shows the sesame bio-diesel 

contains linoleic acid (45.17%), oleic acid (39.02%), palmitic 

acid (8.47%), stearic acid (5.15%), arachidic acid (0.77%), 

linolenic acid (0.15%), palmitoleic acid (0.04%) and erucic 

acid (0.01%). The unsaturated fatty acid of sesame oil plays a 

major role in case of oxidative stability of fuel obtained from 

bio-diesel (Park et al., 2008). Due to the presence of natural 

antioxidants and vitamin E the sesame oil is less susceptible 

to oxidative rancidity (Gharby et al., 2017) as a result the 

sesame oil is more stable than other vegetable oil. 

CONCLUSION 

Fossil fuels are world’s primary energy source and the 

energy consumption in various sectors creates depletion in 

fossil fuel. Fuel is essential in industrial development and 

growth of any country. If the consumption of petroleum 

based fuel continues then the resources will be depleted in 

near future. In this regard as an alternative fuel the use of 

bio-diesel fuel is very much challenging. Alternative fuels 

are derived from sources other than petroleum based fuel that 

reducing our dependency on imported oil. Many experiments 

have been conducted for the production of bio-diesel from 

vegetable oil. Among the various feed stocks, the sesame 

seed oil is very significant (Ferdous et al., 2012; Schinas et 

al., 2009). The demand of diesel fuel around 1.0 billion tons 

globally that is far exceeds the present production of 

biodiesel from vegetable oil and animal fat. The vegetable oil 

feedstocks would supply around 10% of the diesel fuel (Xu 

and Hanna, 2009). 

According to Ferdous et al. (2012) the bio-diesel 

derived from sesame seed oil can be compared with standard 

value of biodiesel and petro-diesel. The sesame seed oil 

based bio-diesel has unique physicochemical properties that 

are ideal fuel for use in transport sector. This bio-diesel can 

be blended with other vegetable oil for the commercial use. 

The production of bio-diesel in any country can create jobs in 

the agricultural section and seems to be ideal solution for 

global energy issue and environmental benefits. 
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