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Abstract 

The environmental concern and diminishing reserves of fossil fuels has increased the demand for the study of biodiesel 

production. Biodiesel has become more attractive recently because of its environmental benefits and the fact that it is made from 

renewable resources. Biodiesel is one of the most promising alternatives for fossil fuels. It can be made from various renewable 

sources, including recycled oil, and can be utilized in lieu of petroleum-based diesel. The cost of biodiesel, however, is the main 

hurdle to commercialization of the product. There are four primary ways to make biodiesel, direct use and blending, 

microemulsions, thermal cracking (pyrolysis) and transesterification. The most commonly used method is transesterification of 

vegetable oils and animal fats. The used cooking oils are used as raw material, adaption of continuous transesterification process 

with different catalyst like alkali, acid and enzyme. And recovery of high quality glycerol from biodiesel by-product (glycerol) is 

primary options to be considered to lower the cost of biodiesel.   

Key words:  biodiesel, transesterification, alkali catalyst, acid catalyst, enzyme catalyst.  

1. Introduction 

Alternative fuel sources like bioethanol and biodiesel are being produced to combat the threats of global 

warming and high cost of fossil fuel. Emission of greenhouse gases is on the increase everyday with rapid depletion 

of oil resources. Thus, biofuel like bioethanol provides numerous benefits in terms of environmental protection, 

economic development and national security (Arthe et al., 2008). Biodiesel is a variety of ester-based oxygenated 

fuels derived from natural renewable biological sources such as vegetable oil. Through a process termed 

transesterification, in most developed countries, biodiesel is produced from rape seed, sun flower, and soybeans, 

peanut which are essentially edible. More research is being geared towards finding an alternative renewable fuel 

through biological ways because of its positive environmental benefits (Bridgewater, 2006 and Arthe et al., 2008). 
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Two approaches for transesterification of vegetable oils for the production of biodiesel have been suggested 

(Haas et al., 2002). The first is a chemical one in which alcoholysis of oil by methyl or ethyl alcohol in the presence 

of a strong acid or base produces biodiesel and glycerol (Fukuda et al., 2001). Chemical transesterification is 

efficient in terms of reaction time; however, the chemical approach to synthesize biodiesel from triglycerides has 

drawbacks, such as difficulty in the recovery of glycerol and the energy intensive nature of the process. The second 

approach is the enzymatic one, in which lipase-catalyzed transesterification is carried out in non-aqueous 

environments. 

A number of plant species including Jatropha curcas L. are being established as feedstock, but in the case 

of Jatropha the seed cake is toxic and can only be used as a less valuable fertilizer or combusted as a fuel 

(Jongschaap, et al., 2007). Seed oil of Jatropha has been used as fuel substitute during World War 2. Enzyme-

catalyzed transesterification has more advantages over chemical method because of the reduced feedstock 

limitations, downstream processing and environmental impact (Rosenthal et al., 1996 and Jegannathan et al., 2008). 

A lot of research work has been reported on the benefits of oil transesterification using enzymatic methods (Nelson 

et al., 1996; Wu et al., 1999; Abigor et al., 2000; Kaide et al., 2001; Belafi et al., 2002; Oznur et al., 2002 and Shieh 

et al., 2003). 

 

2. Processes or method to produce Biodiesel 

Considerable efforts have been made to develop vegetable oil derivatives that approximate the properties 

and performance of hydrocarbons-based diesel fuels. The problem with substituting triglycerides for diesel fuel is 

mostly associated with high viscosity, low volatility and polyunsaturated characters. These can be changed in at 

least four ways: pyrolysis, micro emulsion, dilution and transesterification. 

 

2.1.1. Pyrolysis 

Pyrolysis is a method of conversion of one substance into another by mean of heat or by heat with the aid 

of the catalyst in the absence of air or oxygen. The process is simple, wasteless, pollution free and effective 

compared with other cracking processes. The reaction of thermal decomposition is shown in Figure 1. 

 

2.1.2. Dilution 

The vegetable oil is diluted with petroleum diesel to run the engine. Caterpillar Brazil, in 1980, used pre-

combustion chamber engines with the mixture of 10% vegetable oil to maintain total power without any alteration or 

adjustment to the engine. At that point it was not practical to substitute 100% vegetable oil for diesel fuel, but a 

blend of 20% vegetable oil and 80% diesel fuel was successful. Some short-term experiments used up to a 50/50 

ratio. 
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Figure 1. The mechanism of thermal decomposition of triglycerides 

 

25 part of sunflower oil and 75 parts of diesel were blended as diesel fuel. The low viscosity is good for better 

performance of engine, which decreases with increasing the percentage of diesel. 

 

2.1.3. Micro emulsion 

A micro emulsion define as a colloidal equilibrium dispersion of optically isotropic fluid microstructure 

with dimensions generally into 1–150 range formed spontaneously from two normally immiscible liquids and one 

and more ionic or more ionic amphiphiles. They can improve spray characteristics by explosive vaporization of the 

low boiling constituents in micelles. The engine performances were the same for a microemultion of 53% sunflower 

oil and the 25% blend of sunflower oil in diesel. A microemultion prepared by blending soybean oil, methanol, and 

2-octanol and cetane improver in ratio of 52.7:13.3:33.3:1.0 also passed the 200 h EMA test.  

 

2.1.4 Transesterification Of Vegetable Oil 

Transesterification is a process for the conversion of vegetable oil to its corresponding fatty esters and thus 

biodiesel. For several years, the transesterification of vegetable oils to form esters, especially methyl esters, has 

received considerable attention. Transesterification of vegetable oils by chemical catalysis have been extensively 

investigated and processes were also patented by many workers (Cvengros and Povazanec, 1996; Haas et al., 2002; 

Ergun et al., 2002). 

2.1.4.1 Transesterification Catalysts 

The transesterification process is catalyzed by alkalis, acids and enzymes. However, the use of alkali 

catalysts is 100 % in commercial sector. The most common alkaline catalysts are sodium hydroxide (NaOH) and 

potassium hydroxide (KOH) (Schuchardt et al., 1998; Marchetti et al., 2008; Robles et al., 2009). Other alkaline 

catalysts include carbonates, methoxide, sodium ethoxide, sodium propoxide and sodium butoxide (Fukuda et al., 

2001). These chemicals proved to be the most economic because of higher conversion rate of esters under a low 

temperature and pressure environment and short reaction time (Bacovsky et al., 2007; Leung et al.2010) The main 
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drawback of the technology is the sensitivity of alkaline catalysts with respects to Feedstock purity. The presence of 

free fatty acids and water in the feedstock has a significant impact on the transesterification reaction (Leung and 

Guo, 2006; Marchetti et al., 2008). Besides the multi-step purification of end products, alkaline transesterification 

requires treatment. The amount of waste water produced is approximately 0.2 ton perton biodiesel produced. The 

need for extensive downstream processing makes alkaline transesterification expensive and not environmentally 

friendly (Fjerbaek et al., 2009). 

The second commercially used catalysts are acid-catalysts. The most commonly employed acids are: 

Sulphuric acid, hydrochloric acid and sulphonic acid. Despite the fact that yield is very high and no soap formations, 

the corrosive nature of acid, very slow reaction rate and higher temperature conditions limit the use of the 

technology for esterification reactions (Freedman et al., 1984 and Bacovsky et al., 2007).The acid and alkali 

Transesterification processes are energy intensive and require extensive downstream processing (Xu and Wu, 2003). 

Post treatments are required after the completion of transesterification reaction as the end products are a mixture of 

esters and glycerol. These post treatments include a multi-step. 

Purification of end products which include: 

i. Separation of glycerol by gravitational settling or centrifugation, 

ii. Neutralization of the catalyst, 

iii. Deodorization 

iv. Removal of pigments (Antczak et al., 2009; Banerjee and Chakraborty, 2009).  

 

Enzymatic transesterification is, therefore, an attractive method for biodiesel production over chemical 

methods because of the reduced feedstock limitations, downstream processing and environmental impact 

(Jegannathan et al., 2008). The use of enzyme catalysts eliminates these problems associated with acid and alkali 

catalysts as well as presents other production benefits.Unlike the alkaline catalysts, enzymes do not form soaps so 

there is no restriction on free fatty acid content (Harding et al., 2007; Fjerbaek et al., 2009). Unlike the acid 

catalysts, enzymes are not severely inhibited by water, so there is little concern about water production (Dizge and 

Keskinler, 2008). Since the enzymes are capable of completely converting free fatty acids to Fatty acids acyl esters 

with low cost feedstocks such as waste oils and lard can be used (Fukuda et al., 2001). 

 

2.1.4.2 Chemical Transesterification 

 

2.1.4.2.1 Base Catalyzed Transesterification 

Several conventional and non-conventional base-catalyzed transesterification processes have been reported 

in a review by Knothe et al (1997). Boiler ashes, potassium hydroxide (KOH) amongst other catalysts were 

successfully used in the ethanolysis a n d methanolysis of palm and coconut oils with yields as high as 90% (Encinar 

et al., 2002, and Ejikeme et al., 2007). It has also been reported that methyl and ethyl esters with 90% yield can be 

obtained from palm and coconut oil from the press cake and oil mill and refinery waste with the ashes of the wastes 
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(fibers, shell, and husks) of these two oil seeds, and with lime, clay, zeolites, etc. (Grailler et al., 1986). 

Methanolysis has been reported to yield 96-98% esters when palm oil is refluxed for 2 hours. Using coconut-shell 

ash and other ashes from the combustion of plant wastes such as fibers of palm tree that contain potassium and 

sodium carbonate (Grailler et al., 1986). Calcium oxide or magnesium oxide has been shown, at 60-63oC, to be the 

best catalyst system amongst Potassium carbonate, sodium carbonate, iron (III) oxide, sodium methoxide, sodium 

aluminate, zinc, copper, tin, lead and zinc oxide in the methanol transesterification of low-erucic rapeseed oil 

(Peterson and Scarrah, 1984).  

Generally, the mechanism of the base-catalyzed transesterification of vegetable oils involves four steps. 

The first step is the reaction of the base with the alcohol, producing an alkoxide and the protonated catalyst. The 

second step is the nucleophilic attack of the alkoxide at the carbonyl group of the triglyceride generating a 

tetrahedral intermediate (Meher et al., 2006). The third step involves the formation of the alkyl ester and the 

corresponding anion of diglyceride. The final step involves deprotonating the catalyst, thus regenerating the active 

species, which is now able to react with a second molecule of the alcohol, starting another catalytic cycle. 

 

2.1.4.2.2 Acid-catalyzed transesterification 

The acid-catalyzed transesterification process does not enjoy the same popularity in commercial 

applications as its counterpart, the base-catalyzed process. The fact that the homogeneous acid-catalyzed reaction is 

about 4000 times slower than the homogeneous base-catalyzed reaction has been one of the main reasons (Srivatava 

and Prasad, 2000). However, acid-catalyzed trans- esterification holds an important advantage with respect to base–

catalyzed ones; the performance of the acid catalyst is not strongly affected by the presence of free fatty acids in the 

feedstock. Thus, a great advantage with acid catalysts is that they can directly produce biodiesel from low cost 

feedstocks, generally associated with high free fatty acid concentrations (Srivatava and Prasad, 2000). 

In the transesterification of triglyceride feedstock using acid catalysts, Mittelbach et al (1995) compared the 

activities of a series of layered aluminosilicates with sulphuric acid for the transesterification of rapeseed oil. These 

researchers used an initial molar ratio of 30:1 alcohol-to-oil and 5% catalysts. Among the catalysts tested, sulphuric 

acid showed the highest activity. The solid catalysts showed varied activities depending on reaction conditions. 

Kaita et al (2002) designed aluminum phosphate catalysts with various metal-to-phosphoric acid molar ratios and 

used these materials for the transesterification of kernel oil with methanol. According to the authors, durable and 

thermo stable catalysts were obtained with good reactivity and selectivity to methyl esters. However, the use of these 

materials still needed high temperatures (200oC) and high methanol to-oil molar ratios (60:1) in order to be 

effective. 

The transesterification process in biodiesel production is catalyzed by Bronsted acids like HCl, BF3, H3PO4, 

H2SO4 and sulphonic acids (Formo, 1954). Preferably, sulphuric and sulphonic acids are mostly used. These 

catalysts give very high yields in alkyl esters, but the reactions are slow, requiring typically, temperatures above 

100oC and from 3 – 48 hours to reach complete conversion (Zheng et al., 2006). 

Freedman et al (1984) showed that the methanolysis of soybean oil, in the presence of 1 mol of H2SO4, 

with an alcohol/oil molar ratio of 30:1 at 65oC, takes 50h to reach complete conversion of the vegetable oil (>99%), 
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while the butanolysis (at 117oC) and ethanolysis (at 78oC) using the same quantities of catalyst and alcohol take 3 

hours and 18 hours, respectively. Peter et al (2002) studied the methanolysis of palm oil in a 6:1 molar ratio of 

methanol to oil using the following metal salts of amino acids; cadmium, cobalt, copper, iron, lanthanum, nickel and 

zinc. Arginate of zinc was shown to result in the highest yield and the reasonable rate of reaction estimated to be 

obtained at temperatures higher than 130oC. Report also indicated that soybean oil can be transesterified in methanol 

using sulphated zirconia-alumina and tin oxide as well as tungstated zirconia alumina acid catalysts, though the 

latter was adjudged most effective as it gave 90% conversion in 20h at 250oC(Furuta et al., 2004). Other sulphated 

compounds of zirconium have also been studied with varying results. New solid acid/base catalysts as well as metal 

oxides have also been used in the transesterification process (Karmee and Chadba, 2005). 

Reaction rates in acid-catalyzed processes may be increased by the use of larger amounts of catalyst. A rate 

enhancement was observed with the increased amounts of catalyst and ester yield went from 72.7 to 95.0% as the 

catalyst concentration was increased from 1 to 5%. The dependence of reaction rate on catalyst concentration has 

been further verified by the same authors and other groups (Crabba et al., 2001). A further complication of working 

with high acid catalyst concentration becomes apparent during the catalyst neutralization process, which precedes 

product separation. Since CaO addition during neutralization is proportional to the concentration of acid needed in 

the reactor, high acid concentration leads to increased CaO cost and higher production cost (Crabba et al., 2001). 

 

2.1.4.2.3 Enzymatic transesterification 

Enzymes are biological catalysts which allow many chemical reactions to occur within the homeostasis 

constraints of a living system. Enzymes have enormous potential for reducing energy requirements and 

environmental problems in the chemicals and pharmaceutical industries. Over the last two decades, substantial 

research has been performed on the use of enzymes in the synthesis of various organics (Roberts, 1989; Arnold, 

1998). 

Large scale applications of enzymes have been reported in the production of detergents, drinks, textiles, 

leather, pulp, drugs and cosmetics (Kudli-Shrinivas, 2007). Enzyme catalyzed transesterification reactions have been 

extensively used in production of drug intermediates, bio surfactants and designer fats (Shah et al., 2003).Enzymatic 

approach for production of biodiesel has been extensively reported, although this technology has not received much 

commercial attention except in china where the first industrial scale for biodiesel production in the world (with 

lipase as the catalyst at a capacity of 20,000 tons year-1) is in operation (Du et al., 2008).  

The benefits of using enzymes as catalyst over the acid and alkali catalysts are: 

1.  No soap formation. 

2. Have ability to esterify both Free Fatty Acids (FFA’s) and triglycerides in one step without the need of a washing   

    step. 

3. Capitulate a higher quality glycerol. 

4.  Ability to handle large variation in raw material quality. 
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5. A second generation raw materials like waste cooking oils, animal fat and similar waste fractions, with high Free 

Fatty acids and water content, can be catalyzed with complete conversion to alkyl esters with significantly 

condensed amount of waste water. 

6. Reaction conditions are milder and there is less energy consumption with lower alcohol to oil ratio than chemical 

catalysts (Narasimharao et al., 2007; Tamalampudi et al., 2008 and Fjerbaek et al., 2009). 

 

2.2 Factors affecting enzymatic transesterification 

There are several factors which affect the rate at which transesterification proceeds and the ultimate yield 

of biodiesel. These include:  

 

1. Selection of alcohol. 

2. Use of solvents. 

3. Alcohol to oil molar ratio. 

4. Reaction temperature. 

 

2.2.1 Selection of Alcohol: 

There are a number of different compounds that have been deemed acceptable acyl acceptors for 

transesterification. Methyl acetate and ethyl acetate have both been seen as appropriate acyl acceptors (Xu and Wu, 

2003, and Modi et al., 2007), but have also been found to be much more expensive than the more commonly used 

alcohols (Vasudevan and Briggs, 2008, and Robles et al., 2009). Primary, secondary, straight chained and branched 

alcohols can all be employed in the transesterification reaction (Fukuda et al., 2001). 

The most commonly used alcohols are: methanol, ethanol, propanol, iso-propanol, 2- propanol, n-butanol 

and iso- butanol (Iso et al., 2001; Antczak et al., 2009, and Varma and Madras, 2010). Alcoholysis of triolein using 

Pseudomonas cepacia was carried out in a solvent free medium with a multitude of alcohols. Methanol showed 40% 

conversion, ethanol showed 93% conversion, propanol showed 99% conversion, 1-butanol showed 99% conversion, 

2-butanol showed 83% conversion, 2-methyl-1-propanol showed 99% conversion and a mixture of pentanol isomers 

resulted in 99% conversion (Salis et al., 2005). However, deactivation of the enzymes wi th alcohol have been 

estimated to be inversely proportional to the number of carbon atoms in the alcohol which means that methanol is 

the most deactivating alcohol (Chen and Wu, 2003; Ranganathan et al., 2008). 

It is also thought that the rate of the transesterification reaction using lipase increases with the length of 

carbon chain of the alcohol, implying that the use of ethanol over the use of methanol increases the rate of the 

transesterification reaction (Antczak et al., 2009). Two solutions have been suggested to overcome the inhibiting 

effects of lower chained alcohols: (a) stepwise addition of the alcohol or the sequential addition of alcohol aliquots 

(Shimada et al., 1997; 2002; Watanabe et al., 2002; Soumanou and Bornscheuer, 2003 and Matassoli et al., 2009) 

and (b) the use of solvents (Nelson et al., 1996; Mittelbach, 1990 and Modi et al., 2007). 
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2.2.2 Use of solvents 

Inhibition by lower chained alcohols is often due to alcohol insolubility. Solvents are used to protect the 

enzyme from denaturation by alcohol by increasing alcohol solubility (Kumari et al., 2009). The solvent can also 

increase the solubility of glycerol which is beneficial since the byproduct can coat the enzyme and inhibit its 

performance (Royon et al., 2007). The most common solvents used in transesterification are hydrophobic organic 

ones: hexane, isooctane, n-heptane, petroleum ether, cylohexane, 2-butanol and tert-butanol (Holmberg and Hult, 

1990; Nelson et al., 1996; Soumanou and Bornscheuer, 2003; Ghamguia et al., 2004; Lara and Park., 2004 and 

Coggon et al., 2007). The use of solvents has become a recognized solution for reducing inhibitory effects of lower 

chained alcohols. However, several disadvantages of the use of solvents have been identified (Ranganathan et al., 

2008).  

These include: 

1. Solvent must be separated from the final desired product (biodiesel) which requires addition processing 

(Vasudevan and Briggs, 2008). 

2. The use of organic solvents can compromise safety since they are generally volatile and hazardous. 

3. Reactor volumes must also increase to compensate for the additional volume of solvent added to the reaction 

mixture. All of these disadvantages of using solvents could ultimately lead to increased capital and running costs of 

biodiesel production (Fjerbaek et al., 2009). 

 

2.2.3 Alcohol to substrate molar ratio 

A molar excess of alcohol to oil is needed for the transesterification reaction to proceed at a reasonable rate. 

Generally, the greater the molar ratio of alcohol to oil the faster the reaction rate, long as the alcohol is soluble in the 

reaction mixture (Antczak et al., 2009). When a portion of the alcohol remains insoluble (in excess) it forms droplets 

which coat the enzyme causing deactivation. Many authors stressed that the alcohol employed in transesterification 

must be completely dissolved (especially methanol) implying that there is an optimum alcohol to oil molar ratio 

which allows for the fastest reaction rate ( Jeong and Park , 2008 ). As a guideline, if the alcohol has less than three 

carbons it is likely to inhibit the lipase enzyme since its solubility is less than the stoichiometric ratio. Methanol and 

ethanol typically are soluble at 1/2 and 2/3 of their stoichiometric amounts respectively. 

Alcohols with greater than three carbons typically do not cause any inhibition since they often dissolve in 

the feedstock in their stoichiometric ratios (Shimada et al., 2002 ; Robles et al., 2009). In an organic solvent 

reaction, an excess amount of alcohol is needed in order to achieve a satisfactory reaction rate and a Fatty Acid Acyl 

esters (FAAE) yield. Typically, in a solvent system, methanol to oil molar ratios should be in the range of 3:1 - 6:1 

(Matassoli et al., 2009). Salis et al. (2005) experimented with ratios of 3:1, 6:1, 9:1 and 12:1 in the butanolysis of 

triolein with Pseudomonas cepacia. The best ratios were found to be 3:1 and 6:1, both reached 100% conversion 

after 4 hours. Ratios of 9:1 and 12:1 resulted in 100% conversion after 5 hours and 6 hours. Jeong and Park (2008) 

evaluated the effect of methanol to rapeseed oil between 1:1 and 6:1 using Candida Antarctica. It was determined 

that any ratio between 2:1 and 5:1 resulted in a high conversion and any ratio above 6:1 reduced conversion. 
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However, it is important to realize that the optimum alcohol to oil molar ratio is vastly dependent on the individual 

system employed and the alcohol, feedstock and enzyme used. 

 

2.2.4 Reactive temperature 

Lipase is known to have a fairly large thermal stability (Marchetti et al., 2008). The conversion of 

transesterification is rarely influenced by temperature fluctuations so long as the temperature remains between 20 

and 70°C. However, most lipases have optimal temperatures between 30 and 60°C. It is important to note that the 

optimum temperature for a given lipase increases when the enzyme in immobilized (Fjerbaek et al., 2009). Overall, 

the optimum temperature is dependent on enzyme stability, alcohol to oil molar ratio and the type of organic solvent 

used (Antczak et al., 2009). Methanolysis using Candida Antarctica was performed in a temperature range of 25-

55°C (Jeong and Park, 2008). The optimum temperature was found to be 40°C, anything above this causes a 

decrease in overall conversion. This was again verified by Lu et al. (2009) using Candida sp. 99-125®. Salis et al. 

(2005) evaluted butanolysis using Pseudomonas cepacia within a temperature range of 20-70°C. Methanolysis using 

Rhizopus chinensis was found to have an optimal temperature of 30°C in the range of 20-60°C (Qin et al., 2008). 

 

3. Advantages of biodiesel 

The higher oxygenated state compared to conventional diesel leads to lower carbon monoxide (CO) 

production and reduced emission of particulate matter (Graboski, and McCormick, 1998). 

Biodiesel also contains little or no sulphur or aromatic compounds; in addition to the reduced CO and particulate 

emissions, the use of biodiesels confers additional advantages, including a higher flash point, faster biodegradation 

and greater lubricity than conventional diesel and blending biodiesel with low sulphur fuel restores lubricity (Knothe 

et al., 2005). 

In addition to reduced carbon dioxide and particulated emissions, the use of biodiesel confers advantages, among the 

benefits include; 

-A higher flash point, the higher flash point of biodiesel allows safe handling and storage. 

-Faster biodegradation; the biodegradability of biodiesel is particularly adventurous in environmentally sensitive 

areas where fuel leakages pose large hazards. 

-Lubricity: the lubricity issue has become increasingly important with the widespread mandated adoption of low 

sulphur diesel fuels. The elimination of sulphur containing compound from conventional diesel also removes the 

fuel constituents that contribute to the inherent lubricity of the fuel. Biodiesel has greater lubricity than conventional 

diesel and blending biodiesel with low sulphur fuel restores lubricity (Knothe et al., 2005). 

The biggest advantage of using biodiesel, especially given todays environmental and political concern is that 

biodiesel in principle is a sustainable source of liquid transportation fuels and is essentially neutral with respect to 

the production of carbon dioxide. Taking into consideration other inputs such as fertilizer and energy for 

transportation and conversion, biodiesel returns almost double the energy used for its production; its subsequent 

combustion in place of conventional diesel reduces greenhouse gas emission by 40% (Hill et al., 2006). 
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4. Conclusion 

The several methods available for producing biodiesel, transesterification of natural oils and fats is 

currently the method of choice. The purpose of the process is to lower the viscosity of the oil or fat. Although 

blending of oils and other solvents and microemulsions of vegetable oils lowers the viscosity, engine performance 

problems, such as carbon deposit and lubricating oil contamination, still exist. Pyrolysis produces more biogasoline 

than biodiesel fuel. Transesterification is basically a sequential reaction. Triglycerides are first reduced to 

diglycerides. The diglycerides are subsequently reduced to monoglycerides. The monoglycerides are finally reduced 

to fatty acid esters. The order of the reaction changes with the reaction conditions. The main factors affecting 

transesterification are molar ratio of glycerides to alcohol, catalysts, reaction temperature and time and the contents 

of free fatty acids and water in oils and fats. The commonly accepted molar ratio of alcohol to glycerides is 6:1. 

Base catalysts are more effective than acid catalysts and enzymes. The recommended amount of base used to use is 

between 0.1 and 1% w/w of oils and fats. Higher reaction temperatures speed up the reaction and shorten the 

reaction time. The reaction is slow at the beginning for a short time and proceeds quickly and then slows down 

again. Base catalyzed transesterification are basically finished within one hour.  
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