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CHAPTER 2 

 

REVIEW OF RICE BRAN OIL EXTRACTION 

 
Rice is one of the world's most important food crops and more than half of the people 

in the world eat rice as the main part of their diets. The bran is a by-product of the 

milling process and it contains high levels of both tocopherols and tocotrienols, 

which comprise vitamin E, high quantities of phytosterols, polyphenols, squalene and 

oryzanol which act as antioxidants in the body to help fight disease and promote 

good health. Further, rice bran is an incredible source of the other vitamins, minerals, 

amino acids and essential fatty acids. Rice bran contains about 18-22% oil (Cicero & 

Gaddi, 2001) and is commercially feasible for oil extraction. 

 

Rice bran oil (RBO) contains about 20% saturated fatty acids and approximately 

equal amounts of linoleic, which is used to build omega-6 fatty acids and oleic fatty 

acids (Most, et al., 2005). Despite its similarities to other common vegetable oils, 

rice bran oil offers several unique properties that make it a very interesting special 

oil. It is an excellent cooking and salad oil due to its high smoke point and for its 

delicate flavor. It is a very stable oil with good fry-life.  RBO is known for reducing 

cholesterol, cardiovascular diseases and cancer (Cicero & Derosa, 2005). Further, 

RBO acts in preserving the cortical bone in the long bones, which is replaced very 

slowly (Godber, et al., 2002).  

 

Previous work on rice bran, it’s composition and nutritional characteristics, bran 

stabilization, oil extraction and refining, oil properties and benefits and reasons for 

the variation of properties from different varieties of bran is discussed in this 

literature survey. 

 

 

 

 



5 
 

2.1 RICE BRAN 

 

Rice bran, which is the source of the oil under investigation, determines the 

composition and properties of the extracted oil. Therefore it is vital to understand the 

constituents and the nature of the bran in order to maximize the oil performance. 

 

The bran layer is removed from the kernel during milling and polishing, by applying 

friction to the grain surface either by rubbing the grains against an abrasive surface 

or against each other. The amount of bran removed is normally between 8-10% of 

the total paddy weight but this will vary according to the variety and degree of 

polishing required. 

 

The structure of the rice kernel and rice milling steps are given in Figure 2.1 and 

Figure 2.2 respectively.  

 

 
Figure 2.1: Structure of the rice kernel (Juliano & Bechtel, 1985) 
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Figure 2.2: Steps in Rice Milling 

 

2.1.1 Composition of rice bran 

 

The rice bran is highly nutritious as it contains lipids, protein, minerals and vitamins.  

Due to its nutritional value, the rice bran has been used as a feed for poultry and 

livestock (Roy & Chandra, 2006). 
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Saunders (1986 cited in Orthoefer, 2005) states that the final physical and chemical 

nature of bran depends on the following: 

  

1. Rice variety 

2. Treatment of the grain before milling (e.g. parboiling) 

3. Type of milling system 

4. Degree of milling 

5. Fractionation that occurs during milling  

 

The amount of contaminants in the bran affects the total lipid content. Contaminants 

are broken rice and layers from the endosperm. In developing countries, most rice is 

milled in a one-stage (huller) mill that removes hull, bran, and germ as a single 

mixture. It is estimated that less than 25% of paddy is fractionated into hull and bran 

fractions (Saunders, 1986 Cited in Orthoefer, 2005) 

  

The composition of rice bran and the various vitamins present therein are given in 

Table 2.1 and 2.2 respectively (Roy & Chandra, 2006). 

 

Table 2.1: Rice bran composition 

 

Constituents  Percentage  

Water  8.9-14.7 

Protein 10.6-13.4 

Fat 10.1-22.4 

N-free extract 38.7-44.3 

Fiber 9.6-14.1 

Ash 9.3-14.3 

Pentosane 8.7-11.4 

Cellulose 11.4 

Reducing sugars 1.3 

Sucrose 10.6 
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Table 2.2: Vitamin content in Rice bran 

 

Vitamin  Percentage  

Thiamine 27.9 

Pantothenic acid 7.1 

Pyridoxive 3.2 

Riboflann 2.1 

Biotin 0.46 

Vitamin E 30 

 

Vitamin E is a generic term for a group of four tocopherols (a-, b-, c- and d-) and 

four tocotrienols (a-, b-, c and d-), of which a-tocopherol has the highest biological 

activity (Shin & Godber, 1993; Duvernay, et al., 2005; Brigelius-Flohe & Trabet, 

1999; Bramley, et al., 2000). 

 

As per Grist (1985 cited in Yin & Wen, 2011) composition of rice bran is found to be 

different based on the varieties of rice, climatic conditions and processing methods of 

rice. 

 

2.1.2 Enzyme activity in rice bran 

 

Rice bran contains active enzymes. Germ and the outer layers of the kernel have 

higher enzyme activities. Commercially lipase and also lipoxygenase and peroxidase, 

are most important because they affect the condition and shelf life of rice bran 

(Barber & Benedito, 1980 cited in Orthoefer, 2005)  

 

Lipase promotes the hydrolysis of the oil in the bran into glycerol and free fatty acids 

(FFA). During milling, the lipase enzyme and substrate are brought together. The 

rate of FFA formation is highly dependent on the environmental conditions. The 

instability of rice bran has long been associated with lipase activity. Amin, et al. 
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(2012) reported that the storage of rice bran under 80 % humidity increased the free 

fatty acid (FFA) content to 5% in a day and 79.2 % after one month.  

 

Less than 5% FFA is desirable for producing rice bran oil because high FFA in bran 

results oil with FFA content and hence high refining losses. 

 

Lipase activity results in hydrolytic rancidity. There is little or no change in flavor of 

the bran with an increase in FFA. However, Lipoxygenase activity increases with the 

presence of FFA resulting in oxidative rancidity. It is oxidative deterioration that is 

responsible for the flavor and odor of rancid rice bran. 

 

 

2.2 STABILIZATION OF RICE BRAN 

 

The oil obtained from rice bran is a good quality edible oil and can be used for edible 

purposes. However, the Free Fatty Acid (FFA) of the rice bran oil increases if the oil 

is not extracted from the bran immediately after milling. With the increase of Free 

Fatty Acid (FFA) in the rice bran oil, the oil becomes inedible and refining cost 

prohibits the use of high FFA oil for edible purpose.  

 

Stabilization of rice bran is the procedure of inactivating the Lipolytic enzyme in rice 

bran, is inactivated by rice bran stabilization so that the increase of FFA in rice bran 

oil is prevented and the oil can be used for edible purpose after extraction.  

 

According to Orthoefer (2005), the purpose of rice bran stabilization is as follows: 

 Arrest lipase and lipoxygenase activity 

 Improve oil extraction efficiency 

 Reduce fines in crude oil 

 Sterilize the bran 

 Reduce color development 
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Number of stabilization methods such as hot air drying, steaming, refrigeration, sun 

drying, fluidization, chemical stabilization, pressurized heating and extrusion are 

available for inactivation of the lipase (Amarasinghe, et al., 2004 & Damayanthi, et 

al., 2001). However, heating appears to be the only method with commercial 

potential.  Methods of stabilization using heat include hot air drying, steaming, sun 

drying, pressurized heating and extrusion.  

 

In retained heating methods (dry heat), a simple hot air drying reduces the moisture 

content to 3–4%. The bran must be kept dry in moisture-proof containers, to avoid 

rehydration and thereby regaining lipase activity. Amarasinghe, et al. (2004) reported 

that, even though hot air drying is an effective method of treatment, the non-uniform 

heating of material in the tray driers limits its application. The efficiency of lipase 

inactivation increases with the hot air temperature and the time duration of heat 

treatment. Further, moisture content in bran reduces as temperature increases and a 

significant change in the FFA percentage in oil occurs from 800C to 1000C. When the 

temperature is beyond 1000C, the FFA percentage change is low and also a 

darkening color appears in rice bran oil.  

 

Steaming (wet heat) is much more effective in permanently denaturing lipases. In 

wet heat processing direct steaming in a fixed bed or moving bed is being used. 

Gangodavilage (2002) records that treatment of the material in a steaming chamber 

of 25cm in diameter with a perforated bottom with live steam of effective 

temperature of 100 20C passing through a bed of bran for 30 minutes at an optimum 

bed height of 3cm gave ideal FFA contents. Cooking with live steam completely 

inactivates lipolytic of bran thereby reduces adhesion, resulting in an improved 

percolation rate and more efficient oil extraction.  

 

Despite the fact that the solar drying is the cheapest method, the rate of drying is 

slow and also it depends on the climatic conditions. Hence it is not an effective way 

of stabilization. Further, continuous drying cannot be applied by this method because 

of changes in heat (or sunlight) due to wind and clouds. According to the studies of 

Amarasinghe, et al.(2004) the FFA content of rice bran oil from sun dried (at 47 oC 
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maximum for 7 hours per day for 2 days) rice bran was 11.42%, whereas the FFA 

content of rice bran oil from untreated rice bran was 57.59%, after two weeks. Sun 

dried rice bran gave the highest FFA oil when compared to the FFA in the oil from 

other methods. Gangodavilage (2002) has stated that the efficiency of solar drying 

can be enhanced by using solar driers, which are efficient in gathering solar heat. 

 

Pressurized heating (autoclave) at 121 °C reduces the heating time and so will 

reduce the destruction of bioactive compound in rice bran (Damayanthi, et al., 2001)  

 

Orthoefer (2005) states that, Extrusion (dry heat) cookers are ideal for stabilization 

because excess moisture is not added, eliminating the need for drying. The heating of 

the bran occurs through conversion of mechanical energy of the screw drive to heat 

the bran. Temperatures used for stabilization vary from 100 °C to 140 °C. The bran 

is kept hot for 3–5 minutes after extrusion to ensure lipase inactivation. The hot bran 

is then cooled using ambient air. Addition of water/steam to bran during wet 

extrusion requires drying after stabilization. Hot air is simply passed through a bed of 

pellets. Although this increases the cost of stabilization, lipase inactivation is 

permanent with less nutritional damage to the bran. The recovered oil is lighter in 

color with lower refining losses.  

 

Wet heating is more effective for bran stabilization than dry heating. The equipment 

that can be used includes steam cookers, blanchers, autoclaves, and screw extruders 

with injected steam and water. Parboiling of rice is also an example of wet heat 

stabilization. 

 

Other methods of stabilization are refrigeration and chemical stabilization. 

According to the studies of Amarasinghe, et al. (2004) the FFA content of rice bran 

oil from refrigerated rice bran was 2.83 %, whereas the FFA content of rice bran oil 

from untreated rice bran was 57.59 %, after two weeks. 

 

In Chemical stabilization, HCl successfully controls FFA formation, however oil 

becomes much acidic than the heat treated bran, due to the contamination of traces of 



12 
 

HCl. Prabhakar, et al. (1986) have reported that the FFA content of oil from 

untreated raw bran increased rapidly to 28.3 %, but the increase was much slower 

from 3.0 % to 6.3 % in the HCl (40ml/kg) treated bran, after 2 weeks. Further, it was 

stated that the acid stabilization can be improved by constantly agitating bran and 

spraying acid instead of sprinkling it. 

 

According to Gangodavilage (2002) very low moisture contents can be obtained for 

fluidized bed dried bran due to the excellent heat transfer characteristics in the 

fluidized beds and significant reduction in free fatty acid percentage in oil can be 

observed as well. However, high hot air velocities are required to fluidize heavy rice 

bran particles. The FFA content of oil from fluidized rice bran (using hot air 

temperature of 84 °C for 1 hour) was 6.23 %, whereas the FFA content of rice bran 

oil from untreated rice bran was 57.59 %, after two weeks. 

 

Amarasinghe, et al. (2009), reported that steaming, hot air drying, chemical 

stabilization and refrigeration better controls the lipase activity compared to solar 

drying and also stated that steaming is the most effective and suitable stabilization 

technique, because the FFA % was lowest in rice bran stabilized using steam and 

steaming is practicable for use in small-scale industries.  

 

Amarasinghe, et al. (2004) has studied the FFA content in rice bran oil within 70 

days under different stabilization conditions (hot air drying at 100 °C, steaming at 

100 °C, Refrigeration at 2 °C, sun drying, fluidization and untreated) and the results 

are shown in Figure 2.3 (Data are given in Annex I-table 2.1). 
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Figure 2.3: Effect of stabilization methods of rice bran as investigated by 

Amarasinghe, et al. (2004) 

 

2.3 EXTRACTION OF OIL 

 

The processing of stabilized rice bran to yield crude bran oil involves the following 

important steps: 

1. Preparation of rice bran for extraction 

2. Extraction of oil using the solvent  

3. Distillation of miscella 

4. Collection of the oil 

5. Separation of oil from solvent 

 

Separation of oil from any oil bearing material is generally done by pressing or 

solvent extraction and the selection of techniques is based on the content of oil and 

the properties of the oil bearing material. Rice bran oil can be extracted mainly by, 

solvent extraction, microwave assisted solvent extraction, aqueous extraction, 

supercritical carbon dioxide extraction and rapid equilibrium extraction. 

0

10

20

30

40

50

60

70

80

90

1 2 3 4 5 6 7

FF
A 

in
 ri

ce
 b

ra
n 

oi
l (

%
)

No. of days

hot air drying (100C)
steaming (100C)
low temperature (2C)
sun drying
fluidization
untreated

10        20 30        40       50       60       70

100 °C
100 °C

2 °C



14 
 

2.3.1 Solvent extraction of rice bran oil  

 

Solvent extraction recovers more oil than pressing, in the separation of vegetable 

oils. The solubility of the solute (oil) in the solvent is an important factor for solvent 

extraction. The process is economically attractive when large quantities of seeds are 

processed. This solid- liquid extraction is called leaching and the soluble components 

in the solid are diffused to the solvent. These soluble components that are being 

transferred are ordinarily recovered without chemical damage. The solubility of the 

solute (oil) increases with the operating temperature as the solvent viscosity 

decreases with the temperature.  

 

The process flow for rice bran oil extraction is shown in Figure 2.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: Rice Bran Oil Extraction Process 

 

Solvent extraction may be batch, battery, or continuous type. The bran is stabilized 

using an effective method discussed in section 2.2. Pellatization of bran is required 

for effective extraction. After the pretreated bran is placed in the extractor, solvent is 
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pumped in and allowed to percolate through the bran to extract the oil. The miscella 

or the extract (solvent plus oil) is distilled and the oil is collected. Traces of solvent 

in the oil are thereafter removed by evaporation of solvent and crude oil is recovered. 

 

2.3.1.1 Pelletization  

 

Pelletization of bran is an essential step in extraction of oil because problems occur 

in direct solvent extraction due to the powdery nature of the rice bran. Sah, et al. 

(1983) recorded that pelletization or granulation of bran is important to facilitate 

extraction. Extracting oil directly from a floury material prevents percolation of 

solvent under gravity flow extraction and channeling of the solvent through bran may 

occur. It inhibits easy removal of residual solvent from the deoiled bran and hence 

the bran to solvent ratio in the raffinate would be very high. The reasons for 

pelletization have been addressed by Williams, et al. (1963) as well and it was shown 

that the fines, which are small solid particles, do not permit rapid percolation under 

gravity flow, and special pressure techniques are required for effective extraction. 

When the meal is in powder form, the overflow extract removal from the meal is 

extremely difficult.  

 

Preprocessing of the bran through an extruder, expander, or expeller may be used to 

form either a flake or pellet that results in improved solvent flow through an 

extraction bed (Prabhakar & Venkatesh, 1986). Parboiled bran does not produce the 

hard pellets found for raw bran possibly because of protein denaturation during 

parboiling (Orthoefer, 2005). Binding of the fines in the pellet is assisted by starch 

gelatinization during heating of the bran. Effect of addition of varying quantities of 

raw rice bran, starch and protein based additives for parboiled rice bran on 

pelletization has been studied by researchers and the results have shown an 

improvement in strength of pellets.  

 

Pelletizing of the bran improves percolation and minimizes fines in the miscella. 

Moistening during pelletizing reduces the fines problem. (Orthoefer, 2005 cited in 

Aizono, et al., 1976).  
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The effect of pellet size on the percentage of oil extracted has been studied by 

Amarasinghe, et al. (2004) and the results have shown a decrease in the percentage 

of oil extracted when the pellet size is increased. The optimal pellet size has been 

determined as 8mm diameter and 5mm height cylindrical shape pellets.  This has 

been due to the fact that large pellets have a smaller surface area per unit mass and 

hence less contact with the solvent.  

 

2.3.1.2 Extraction using organic solvents 

 

Solvent extraction is a method for separating mixtures by exploiting differences in 

the solubility of the components. Hexane is the most commonly used solvent for rice 

bran oil extraction. However, other solvents such as Iso Propyl Alcohol, Ethyl 

Alcohol, etc. have also been tested for extraction. Prabhakar, et al. (2007) have 

studied the behavior of four organic solvents belonging to non-polar (hexane, 

petroleum ether) and polar (acetone, isopropanol) groups in rice bran oil extraction. 

The extracted oil quantity has increased from 3.2-25.8% for the six bran samples 

studied with increase in polarity of extraction solvent.  

 

According to Gangodavilage (2002), extractability at the same solvent to bran ratio 

has been slightly higher in hexane than IPA. Further, extraction of rice bran oil at 

different temperatures has shown similar trend for both hexane and IPA, but lesser 

percentage of oil was extracted in IPA extraction at all temperatures. The highest 

temperature in comparison has been limited to 600C because hexane reaches its 

boiling point with further increments but not IPA. Effect of time for extractions of 

hexane and IPA has shown similar shape curves but, lower rate in IPA extraction 

(Fig. 2.5).  
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Figure 2.5: Effect of time for rice bran oil extraction with IPA and Hexane 

(Gangodavilage, 2002) 

 

2.3.1.3 Solvent recovery by Distillation 

 

The solvent plus oil, referred to as the miscella or the extract, is filtered prior to 

distillation. The purpose of distillation of the miscella is to separate the solvent from 

rice bran oil. Distillation exploits the difference in volatilities between the solvent 

and the oil. Further, depending on the concentrations of the components present, the 

liquid mixture will have different boiling point characteristics. Therefore, distillation 

process depends on the vapor pressure characteristics of the mixture. 

 

According to Roy & Chandra (2006), the oil which gets dissolved in hexane has been 

withdrawn from the bottom as concentrated miscella. The distillation of concentrated 

miscella has been carried out at a temperature of about 75-80 °C, when more volatile 

component, hexane has vaporized, leaving behind the oil. The vapors of the solvent 

has been condensed and reused. The oil with 4 % solvent has been taken from the 

bottom to a stripping column, which has a block of gravels placed on a perforated 

plate as a packed column. The solvent has been stripped off by the oil by open steam 
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injecting and the solvent vapors recovered were to be reused after condensation. The 

solvent in the bran has been recovered finally and reused.  

 

2.3.2 Modes of extraction 

 

There are 3 modes of extraction: 

1. Single stage extraction 

2. Cross Flow extraction 

3. Counter current extraction 

 

1. Single stage extraction-There is one-time mixing of the feed and the extracting 

solvent and the raffinate and extract phases are separated. Theoretically the two 

phases are in equilibrium as shown in figure 2.6. 

 

 

 

 
 

 

 

 

Figure 2.6: Single stage extraction illustration  

 

Material balance for the above system is,  

F+S = M = R+E 

Phase diagram for the single stage extraction is given in the figure 2.7. 

 

 

Single stage Extract (E) 

Raffinate (R) 

Solvent (S) 

Feed (F) 



19 
 

 

 
 
 
 
 
 
 
 
 
 

 
Figure 2.7: Phase diagram for single phase operation 

 
 

Degree of mass transfer is limited in a single stage, batch operation. Extract and 

raffinate phases leaving the unit are in equilibrium. 

 

2. Cross flow extraction-Involves the use of fresh or recycled solvent addition in each 

of the stages. The extracts are collected separately and this can be repeated until the 

solid is adequately washed. 

 

 
 
 
 
 
 
 
 
 

 
Figure 2.8: Cross flow extraction illustration 
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For stage 2; 

R1+S = E2+R2 

3. Counter current extraction- A series of equilibrium stages are used and the extracts 

and the raffinates flow counter-currently. There is a gradual enrichment of the 

solute in the solvent phase across the extraction process. Countercurrent operation 

is achieved by repeating single-stage contacts, with the extract and raffinate 

streams moving in opposite directions as shown in Figure 2.9. Counter current 

operation allows for very high separation factors while operating at high 

processing rates and this type is the most common. 

 

 

 

 

Figure 2.9: Counter current extraction illustration 

 

Where, 

E0 – Fresh solvent entering the system 

R1 – Raffinate leaving 

EN – Concentrated solution leaving the system 

 

Material balance for stage 1; 

E0 + R2 = R1 + E1 

Rearranging, 

R1 - E0 = R2 - E1  

Material balance for stage 2 and rearranging; 

R2 – E1 = R3 – E2   
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Material balance for Nth stage and rearranging; 

RN+1 – EN = RN – EN-1   

Overall material balance; 

R1-E0 = R2-E1= R3-E2 = RN+1 – EN = RN – EN-1 =  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.10: Phase diagram for counter current operation 

 

According to the above flow diagram, the feed stream containing the solute to be 

extracted enters at one end of the process (F), and the fresh solvent enters at the other 

end (S). The extract and raffinate streams flow counter currently from stage to stage, 

and the final products are the solvent loaded with the solute (EN) and raffinate 

depleted in solute(R1), leaving stage 1. In this manner, the concentration gradient in 

the process remains relatively constant. The extract at stage 1(E0) contains no solute, 

while the raffinate stream is depleted of solute. Streams Ei and Ri contain 

intermediate concentrations of the solute and finally, streams EN and RN+1 contain the 

highest concentration of the solute. 
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For the process to be economical, the solvent must be recycled. In order to recycle 

the solvent, the solute is subsequently stripped from the solvent, and the solvent is 

then recycled back to the counter-current extraction process. This allows the solvent 

to be recycled indefinitely, until it has degraded. 

 

2.3.3 Mass transfer coefficient 

Mass transfer rates within the porous residue are difficult to assess because it is 

impossible to define the shape of the channels through which transfer must take 

place. It is possible, however, to obtain an approximate indication of the rate of 

transfer from the particles to the bulk of the liquid. Using the concept of a thin film 

as providing the resistance to transfer, the equation for mass transfer may be written 

as (Richardson & Coulson, 1991): 

b
ccAk

dt
dM s )(' 


 

Where, 

A - area of the solid–liquid interface 

b - effective thickness of the liquid film surrounding the particles 

c - concentration of the solute in the bulk of the solution at time t  

sc - concentration of the saturated solution in contact with the particles 

M- mass of solute transferred in time t 

'k - diffusion coefficient 

 

For a batch process in which V, the total volume of solution, is assumed to 

remain constant, then: 

VdcdM   
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and,  

bV
ccAk

dt
dc s )(' 


 

The time t taken for the concentration of the solution to rise from its initial value 

0c  to a value c  is found by integration, on the assumption that both b  and A  

remain constant. 

Rearranging: 

dt
Vb

Ak
cc

dcc

c s
 



'

0  

And: 

t
Vb

Ak
cc
cc

s

s
'

0ln 



 

If pure solvent is used initially, 0c = 0. 

bkKL
' is the Mass Transfer coefficient. 

Therefore; t
V

AK
cc

c L

s

s 


ln  

The above equation shows that the concentration of oil, C, and time of extraction, 

t, is related. 

 

2.3.4 Diffusion of solvent through bran 

 

Diffusion is the transport of molecules of a compound through a continuum in one 

phase, or through an interface between phases. In solid-liquid extraction or leaching, 

the solvent must diffuse in to the solid in order for the solute to dissolve in the 

solvent, and the solute must diffuse out of the solid into the solvent phase. The rate 
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of diffusion determines the length of time needed to achieve equilibrium between 

phases.  

 

In solvent extraction, the smaller the particle size, the shorter the residence time for 

the solids to remain within an extraction stage. Particle size, however, must be 

balanced by the need for the solvent to percolate through the bed of solids. Very 

small particle size will result in very slow movement of the solvent through the bed 

of solids, and increases the probability that the fines would go with the solvent phase 

interfering with subsequent solute and solvent recovery.  

 

It has been recorded by Chennapragada, et al. (2002) that the process of diffusion of 

solvent into the oil bearing cells is dependent on the seed size, number of seeds 

involved in the operation, the partition coefficient, the porosity of seeds and the 

solvent volume. 

 

Solvent extraction is essentially a process of diffusion of solvent into oil bearing cells 

of the material to be extracted resulting in a solution consisting oil dissolved in the 

solvent. For a successful and efficient extraction, it is therefore, necessary to ensure 

that each and every cell is brought in contact with the solvent. 

  

2.3.5 Other extraction techniques 

 

Benefits of microwave energy as an environmentally friendly source of thermal 

energy have been widely appreciated since recently (Jain, et al., 2009). Microwave-

assisted solvent extraction has the potential to replace traditional solvent extraction 

of oils and fats from a variety of feedstock. According to the research carried out by 

Zigoneanu, et al. (2007), Isopropanol has been the best solvent for the extraction of 

c-tocopherol and c-tocotrienol as compared with hexane for both microwave-assisted 

and conventional solvent extraction. Isopropanol has been better for oil yield 

extraction at high temperatures and samples extracted with isopropanol at 120 °C had 

higher antioxidant activity. The main advantages of Microwave assisted solvent 

extraction are shorter extraction times, shorter cooling times and less use of solvent.  
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An aqueous process is looked upon as an environmentally cleaner alternative 

technology for oil extraction. In the research of Hanmoungjai, et al. (2000) has 

shown that the extraction temperature and pH are the main factors influencing 

aqueous oil extraction. The highest oil yield has been obtained at pH 12.0, extraction 

temperature at 50 °C, extraction time of 30 min, agitation speed at 1000 rpm, and rice 

bran-to-water ratio of 1.5 to 10.  As per the studies done by Amarasinghe, et al. 

(2009), the extraction capacity has been highest at solution pH range 10–12 and the 

aqueous extracted oil has been low in free fatty acid content and color compared to 

hexane extracted rice bran oil. Furthermore, almost uniform oil extractability has 

been obtained regardless of the bran to water ratio and the rate of extraction has been 

low when compared to IPA and hexane extraction. Advantages of the aqueous 

process when compared with solvent-based processes include; simultaneous 

production of edible oil and protein isolate in the same process, lower protein 

damage during extraction, improved process safety due to the lower risk of fire and 

explosion and aqueous extraction processes may be more cost effective since the 

solvent recovery step is eliminated.  

 

In the investigation of Kuk & Dowd (1998), Super Critical CO2 (SC-CO2) has 

extracted the neutral components of rice bran oil, including sterols, as efficiently as 

hexane, but extracted fewer free fatty acids. Also, RBO extracted with SC-CO2 have 

had a far superior color quality, when compared with hexane-extracted RBO. RBO 

yield has been increased with the temperature at the isobaric conditions and at the 80 

°C isotherm, an increase in RBO yield has been obtained with an increase in 

pressure. Zhimin, et al. (2001) have found that the yield of γ-oryzanol in SC-CO2 at 

50 °C and 680 atm pressure for 25min has been approximately four times higher than 

the highest yield of solvent extraction at 600 °C for 45-60 min. Non-toxic and non-

combustible properties of SC-CO2 make it environmentally friendly. With a critical 

temperature of 31 °C and critical pressure of 73 atm, supercritical CO2 extraction 

energy costs are lower than those of other solvents (Harrison, et al., 1997). The 

disadvantages of supercritical fluid extraction is higher cost of the equipment and the 

blockages in the systems as a result of the presence of water in the sample (Camel, 

2000 cited in Zigoneanu, et al., 2007). 
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Rapid equilibrium extraction is a process of extraction of oil soon after milling, due 

to the lipase enzyme activity and it is found to be effective in obtaining good quality 

oil with reduced free fatty acids and phospholipid content and low peroxide values. 

This technique minimizes oil processing needs and avoids the removal of natural 

antioxidants. Proctor, et al. (1994) has found that the increasing amount of bran used 

didn’t reduced the extraction rate. FFA levels have been considerably less than those 

obtained from commercially-extracted RBO and the peroxide values have been 

typical of crude RBO. In addition, the oil extracted with isopropanol has been more 

stable than hexane-extracted oil to heat induced oxidation, which suggests that more 

antioxidants has been extracted by isopropanol. 

 

 

2.4 FACTORS AFFECTING EXTRACTION OF OIL 

 

Researchers have found that several factors affect the oil yield and extraction time, 

such as particle size, solvent, temperature, agitation of the fluid, particle moisture 

content, solvent to solid ratio, pellet size, stabilization process, rice type, voidage and 

contact time. 

 

Particle size is one of the most important variables influencing the rate of extraction 

of oil, from oil bearing materials with solvent. The particle size of the bran varies 

significantly with type of milling and milling condition. A clear decrease in the 

percentage of oil extracted from coarse particles than from the fine particles has been 

observed by Amin & Abdallah (2012).This has been explained as due to increases in 

extraction surface area with fine particles. 

 

The selection of solvent to use in RBO extraction is important and the best type of 

solvent can be determined according to the amount of oil extracted and the amount of 

free fatty acid. n–hexane, ethanol, methanol, petroleum ether, and iso–propanol have 

been compared by Amin & Abdallah (2012) and it has been found that iso–propanol 

gave the highest percent of extracted oil. According to Dari (2009), hexane has been 

extensively used as solvent for the oil extraction because of its low vaporization 
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temperature which provides an easier recovery, high stability, high solubility of oils 

and fats in it, low corrosiveness, low greasy residual effect, and better aroma and 

flavor productivity for the milled products. As per the studies carried out by 

Gangodavilage (2002) the rate of extraction for IPA has been slightly less than that 

of Hexane. The oil has been pale in color due to the low solubility of color pigments 

in water, in aqueous extraction. Aqueous extraction avoids some disadvantages of 

solvent extraction such as contamination of oil with the solvent, high cost of organic 

solvents, etc. 

 

Extraction temperature is an important aspect for solvent diffusivity through bran and 

elevation of temperature comparatively increases both rate of dissolution of solute in 

solvent and rate of diffusion of solute through the solvent. Increasing temperature 

lowers the viscosity of oil and the solution and improves the permeability of oil 

through the bran. High temperature extracted oil has resulted in darker color and has 

caused difficulties in refining the oil. The wax content in the oil has been higher in 

the high temperature extracted oil and this is said to be desirable for many food 

coating industries (Gangodavilage, 2002). 

 

The moisture content is the dominant factor in the deteriorative process. 

Gangodavilage (2002) records, that the rice bran with high moisture content has 

deteriorated more rapidly by producing free fatty acids than bran with low moisture 

content. Also, parboiled bran has absorbed more moisture than raw bran due to 

comparatively high internal porosity structure.  

 

Amin & Abdallah (2012) has tested the effect of solvent to solid ratio using n–

hexane as the solvent, at 60 °C for 1 hour time duration, and has found that 

increasing solvent to solid ratio, improves oil extraction till a ratio of 5:1 and further 

increase of the ratio shows no more increase in the yield percent. 

 

The driving force for extraction is the concentration gradient of solute in the solid 

surface and that in the bulk of the solution. For an initial period of time, the solid is 

rich in solute and the solid surface is saturated with the solute. Amin & Abdallah 
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(2012) have studied the extraction process at different extraction times, and the 

results have shown a rapid extraction initially, followed by a slower rate that 

becomes constant. Similarly, in the work of Amarasinghe, et al. (2004) initially the 

rate of extraction has remained constant and then the rate of extraction has decreased 

with time and has reached zero. 

 

 

2.5 RICE BRAN OIL COMPOSITION 

 

The typical composition of crude rice bran oil is 81.3-84.3 % triglycerides, 2-3 % 

diglycerides, 5-6 % monoglycerides, 2-3 % free fatty acids, 0.3 % waxes, 0.8 % 

glycolipids, 1.6 % phospholipids, 4% unsaponifiables. In comparison with other 

vegetable oils, crude rice bran oil tends to contain higher levels of non-triglyceride 

components, most of which are removed during further refining processes. The wax 

content of rice bran oil can be somewhat variable, depending upon variety and 

processing parameters. Various sterols constitute the principal portion of the 

unsaponifiable fraction of nutraceutical interest. 

 

A typical specification for finished rice bran oil and the fatty acid composition is 

shown in table 2.3 and table 2.4, respectively (Godber & Juliano, 2003). 

 

Palmitic, oleic, and linoleic acids make up more than 90 % of the fatty acids present. 

The major molecular species of triacylglycerols are palmitic-linolenic-oleic, oleic-

linoleic-palmitic, palmitic-linoleic-linoleic, linolenic-linoleic-palmitic, and trioleic. 
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Table 2.3: Product Specification of Refined, Bleached and Deodorized Rice Bran Oil 

Characteristic Value 

Iodine Value (Wiji's method, g/100g sample) 99-108 

Peroxide Value (meq/kg) 1.0 max 

Moisture (%) 0.05 max 

Color (5.25-in Lovibond red) 5.0 max 

Free Fatty Acid (% as Oleic) 0.05 max 

Flavor/Odor 7 min 

Chlorophyll (ppb) 75 max 

Saponification value 180-190 

Unsaponifiable matter 3-5 

Smoke point 213C 

Refractive Index 1470-1473 

Acid value  1.2 

 Lovibond color value  3.5R 

Specific Gravity 0.916 

 

Appearance of rice bran oil ranges from cloudy to clear depending on the degree of 

dewaxing and winterization processes applied. 

 

Table 2.4: Fatty acid composition of Rice Bran Oil 

 

 

 

 

 

 

 

 

 

 

Fatty acid composition  Percent 

C14:0Myristic 0.6 

C16:0 Palmitic 21.5 

C18:0 Stearic 2.9 

C18:1 Oleic 38.4 

C18:2 Linoleic 34.4 

C18:3 Linolenic 2.2 

C20:0 Arachidic  — 

C22:0Behenic — 
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Rice bran oil is similar to peanut oil in fatty acid composition with a saturation level 

that is slightly higher than that of conventional soybean oil. The much lower 

linolenic acid content of rice bran oil makes it more stable to oxidation than soy oil. 

 

 

2.6 REFINING EXTRACTED OIL FOR EDIBLE PURPOSES 

 

The color of crude rice bran oil is dark greenish brown to light yellow depending on 

the condition of the bran, extraction method, and composition of the bran. The 

pigments include carotene, chlorophyll, and Maillard browning products.  

Refining of crude rice bran oil involves dewaxing, degumming, neutralization of free 

fatty acids, decolorization, and steam deodorization. Refined rice bran oil is a light 

yellow color with a mild background odor and flavor reminiscent of rice. 

 

Main steps involved in the refining as follows (Roy and Chandra (2006)):  

 

Dewaxing: The main components of rice bran wax are aliphatic acids (wax acids) 

and higher alcohol esters. It is preferable to remove wax from crude oil at the first 

stage of refining process, otherwise yield and quality of edible oil will decrease. 

Among various methods available for dewaxing, continuous wax method, in which 

Ketones are used as solvent, is more preferable.  

 

The characteristics of the wax are as follows: 

 

Table 2.5: Characteristics of the wax 

Iodine value 11.1–17.6 

FFA (%) 2.1–7.3 

Phosphorous (%) 0.01–0.15 

Melting Point (ºC ) 75.3–79.9 
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Degumming: This step is essential to remove gums and mucilages present in the 

crude oil which are complex mixtures. The normal method of degumming involves 

the use of small quantities of concentrated phosphoric acid or sulphuric acid at 

moderate temperatures followed by filtration or settling. 

 

Neutralization: The purpose of this process is to remove fatty acid from dewaxed 

oil. In this process, the oil is treated with alkali such as caustic soda, which acts upon 

free fatty acid in the oil to form soap. Neutralization is also called deacidification.  

 

Kim, et al. (1985) have deacidified the degummed rice bran oil by caustic, solvent 

and steam refining processes. In case of steam, the most significant factors affecting 

the degree of deacidification have been the refining temperature and amount of 

steam. Acid value and color of steam refined oil have been not as good as those of 

caustic refined oil, but steam refining have shown better retention of natural 

antioxidants than caustic or solvent refining. When comparing caustic refining, 

solvent refining and steam refining, caustic refining of degummed rice bran oil has 

resulted in satisfactory acid values and color but has shown the worst result in neutral 

oil loss and has produced large amounts of soap stock. Solvent refining has not 

shown to be efficient because of poor deacidification, high losses of neutral oil and 

darkening of color. Steam refining also has been less effective than caustic refining 

in deacidification and bleaching. Kim, et al. (1985) have concluded that the 

application of steam refining to rice bran oil will result in many advantages such as 

reduced neutral oil loss, no production of soap, and the production of high purity, 

industrial fatty acids. 
 

Decolorization: The decolorization is generally done either by a batch or continuous 

method, under either normal atmospheric pressure or vacuum. Conventional earth 

bleaching gives oils with lovibond colors of 2-3-red units, an acceptable level for 

high grade cooking oil and salad oils. Bleach clay dosage depends on the 

characteristics of the rice bran oil and as well as that of the bleaching earth. Silica 

bleaching earths are more effective in reaching satisfactory oil colors. 
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Deodorization: The final stage in processing for cooking oil involves the removal of 

oxidative breakdown products such as Ketones and aldehydes which cause 

undesirable odors and tastes. Deodorization of rice bran oil can be carried out in the 

normal manner by heating the oil to temperatures 200-250 °C under high vacuum, 

stripping out the undesirable volatiles, in a current of dry steam. Any free fatty acids, 

peroxides and a certain proportion of natural tocopherol antioxidants are also 

removed in this step.  

 

Winterization: In addition to wax removal, rice bran oil contains sufficient saturated 

and high melting glycerides that require winterization. Since rice bran oil is an edible 

oil that is to be stored in cool places, it goes through this process, so that it will not 

become cloudy when chilled. The refined, deodorized oils are chilled with gentle 

agitation, which causes higher melting fractions to precipitate. The fraction which 

settles out is called stearin and it is separated by filtration. Filter aids may be added 

to assist separation of the crystals from the viscous oil.  

 

The refining method used in rice bran oil production affects the oryzanol content of 

finished oil. With alkali refining, most of the oryzanol is removed, whereas with 

steam or physical refining, most of the oryzanol remains in the oil. This is being 

proven in the work of Krishna, et al. (2001). Bhattacharyya, et al.(1998) have 

recorded that the color, FFA, total gum and wax, oryzanol and tocopherol content of 

the physically refined RBO are quite good for low temperature (10 °C) processing 

and acceptable at the moderately low temperature (17 °C) process. A new process for 

the physical refining of rice bran oil through combined degumming and dewaxing 

has been developed by Rajam, et al. (2005). The simultaneous degumming and 

dewaxing of the crude oil with a solution of water and CaCl2, followed by 

crystallization at a low temperature (20 °C), have facilitated precipitation of the 

phosphatides along with the wax. Bleaching and subsequent winterization (20 °C) of 

this oil have further reduced the phosphorus content. Thus, these pretreatment steps 

have enabled the physically refined rice bran oil to meet commercially acceptable 

levels for color, FFA content, and cloud point values with very low neutral oil loss. 
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According to Yoon & Kim (1994) the oxidative stability in the descending order was 

crude oil, degummed oil, bleached oil and alkali-refined oil. Bleached and 

deodorized oils had similar oxidative stability.  

 

 

2.7 RICE BRAN OIL NUTRITION 

 

Rice bran oil has performance properties competitive to other widely used oils. An 

additional advantage of rice bran oil is certainly its nutritional benefits, which 

include a balance of fatty acids meeting American Heart Association (AHA) and 

World Health Organization (WHO) recommendations (Kusum, et al., 2011). Rice 

bran oil contains a mixture of antioxidants and promotes cholesterol reduction 

beyond that of more unsaturated oils. Its taste and performance is complementary to 

salad, cooking, and frying applications. Additionally, it is a good source of 

carbohydrates, proteins and essential amino acids that aid in muscle growth and 

repair. 

 

Low density lipoprotein cholesterol (LDL-C) serves as the primary marker for 

cardiovascular diseases. Rice bran oil has antihyperlipidaemic properties. Malve, et 

al. (2010) have recorded that the substitution of usual cooking oil with a blend of rice 

bran oil and safflower oil (8:2) exert beneficial effects on the LDL-C levels. Wilson, 

et al. (2007) have stated that, oryzanol or ferulic acid, the two major unsaponifiables 

in RBO, may exert similar antiatherogenic properties, but through different 

mechanisms.  

 

The tocotrienol form of natural vitamin E possesses powerful hypocholesterolemic, 

anti-cancer and neuro-protective properties (Sen, et al., 2007). Squalene, shows some 

advantages for the skin as an emollient and antioxidant, and for hydration and its 

antitumor activities. Tocopherols are also believed to have anticancer effects (Tarber 

& Packer, 1995; Dunford, 2001). Phytosterols are nutrients with many health 

benefits and are more abundant in rice bran oil than any other oil. Phytosterols 

reduce cholesterol, provide anti-inflammatory effects, inhibit the growth of cancer 
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cells, improve the immune system and have other health benefits (Patel & Naik, 

2004). 

 

Oryzanol is not found in any other edible oil. Oryzanol is also beneficial in a range of 

other ailments including gastro-intestinal disorders and nerve imbalance. Also, γ-

oryzanol extracted from rice bran oil inhibits s serum TSH levels in patients with 

primary hypothyroidism, possibly by a direct action at the hypothalamus rather than 

the pituitary. Scientific findings have created an interest in using γ-oryzanol as a 

sport supplement. It is also a potent antioxidant and it has been found that γ-oryzanol 

is more than four times as effective at stopping tissue oxidation as Vitamin E (Patel 

& Naik, 2004 cited in Hiramitsu & Armstrong, 1991). It is more active than Vitamin 

E in fighting free radicals.  

 

 

2.8 EDIBLE RICE BRAN OIL 

 

Rice bran oil finds application both as edible oil and industrial grade oil. The 

industrial grade oil is obtained from rice bran, by the process of extraction with 

petroleum solvents, whereas the edible grade oil is the one refined by neutralization 

with alkali, with or without bleaching with activated earth and/or activated carbon. 

The edible grade bran oil is colored leaf-green and is quite similar in composition 

and taste to groundnut oil (Roy & Chandra, 2006). 

 

Rice bran oil is rich in vitamins, antioxidants, nutrients and trans fat free. Rice bran 

oil is vastly superior to traditional cooking oils and can be considered a nutraceutical 

(food as medicine). It has the best balance of saturated, monounsaturated and 

polyunsaturated fats as recommended by such organizations as the American Heart 

Association and the World Health Organization.  

 

Rice Bran Oil is considered to be the “world’s healthiest edible oil” containing many 

vitamins, antioxidants and nutrients. The oxidative stability of rice bran oil is 
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equivalent to peanut oil and cottonseed oils in deep frying applications. The high 

oleic content exhibits excellent frying performance and contributes a pleasant flavor 

to fried food. It has a natural resistance to smoking at high frying temperatures, 

making it the ideal choice for stir-frying. The oil possesses good storage stability and 

fry life without hydrogenation due to its high level of naturally occurring 

antioxidants and low linolenic acid content.  Potato chips fried in rice bran oil show 

flavor and odor stability at elevated temperatures between that of peanut and 

cottonseed oils (Orthoefer, 2001, Cited in Wilson, 1945). 

 

Winterized rice bran oil is an acceptable oil for salad dressing and mayonnaise. The 

hard fraction of rice bran oil may be used to replace the plastic fats in margarines and 

shortening. Hydrogenated rice bran oil is adaptable to specialty shortenings and 

margarines (Orthoefer, 2005). 

 

Because of rice bran oil’s light flavor, it has found favor in baking applications. 

Brownies and other baked goods made with rice bran oil turn out light and delicious. 

Baking sheets and cake pans coated with rice bran oil allow the baked goods to come 

out of the pan or off the cookie sheet with no trouble at all. 

 

Furthermore, rice bran oil is unique among edible oil due to its rich source of 

commercially and nutritionally important phytoceuticals such as, oryzanol and 

lecithin. However, most of the phytoceuticals are removed from the rice bran oil as 

waste by products during the refining process. Gamma-oryzanol is one such 

component having the potential to be used in pharmaceutical preparations. It is a 

mixture of ferulic acid esters of sterol and triterpene alcohols. It occurs in rice bran 

oil at a level of 1-2 percent where it serves as natural antioxidant (Patel & Naik, 

2004).  

 

Table 2.6 illustrates the micro-nutrient composition of rice bran oil. 
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Table 2.6: Micro-nutrient composition of rice bran oil  

(Patel & Naik, 2004; Cicero, & Derosa, 2005; Adom & Liu, 2002; Rohrer & 

Siebenmorgen, 2004) 

 

Micro-nutrient Amount % Advantage 

 

Tocopherol 0.02-0.08 Antioxidant, Free radical scavenger, Reduce risk of 

cardiovascular diseases, Arthritis, Cancer, Cataract, 

Anti-tumor activities 

 

Tocotrienol 0.025- 0.17 Cholesterol reduction, Reversing Atherosclerosis, 

Anticancer (breast, liver), tumor suppression, 

Antioxidant 

 

Oryzanol 1.2 - 1.7  

(Physically 

refined 

RBO) 

Increase good (HDL) Cholesterol, Decreases bad 

(LDL) Cholesterol, Treats nerve imbalance & 

Menopause disorder, Retards aging effects, 

Antidandruff and anti-itching agent 

 

Squalene 0.3-0.4 Antioxidant 

 

 

 

Rice bran oil wax is edible and can serve as a substitute for carnauba wax in most 

applications due to its relatively high melting point. Rice bran wax is a natural 

vegetable wax and is a value added by-product of Rice bran oil refineries. It is hard 

nontacky wax and contains higher fatty alcohols and esters. Its presence is 2-5 % in 

Rice bran oil. It is recovered as sludge wax and further processed to slack wax, 

pressed wax. The chemical constituents of Rice bran wax are mainly saturated 

monoesters (C-46 to C-60) of long chain fatty acids (C-22 to C-26) and long chain 

fatty alcohols (C-26 to C-30).  
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Rice bran wax has chemical constituents and physicochemical properties similar to 

that of Carnauba wax and this has given the option of using this wax in various 

pharmaceutical products like tablets, ointment bases and suppositories. Study of 

Maru, et al. (2012) has indicated that there is potential of rice bran wax in the 

preparation of sustained release formulations of poorly water soluble drug like 

Nifedipine. It can also be used in Novel Drug Delivery Systems (NDDS) which is 

currently exciting research and development area of pharmaceutical industries. Rice 

bran wax can be used in producing Octacosanol which is believed to enhance athletic 

performance. 

 

 

2.9 NON-EDIBLE RICE BRAN OIL INDUSTRY 

 

The nonfood uses of rice bran oil are feed formulations, soaps, shampoo, hair 

conditioner, sunscreen and glycerin.  

 

In Japan, the U.S., and Thailand, Rice Bran Oil is well-known as an ingredient in 

cosmetics and spa products because it is high in natural antioxidants that fight free 

radicals.  This benefit leads to slower skin degeneration; therefore it is anti-aging in a 

natural way. In addition to this, Oryzanol also helps preventing UV rays and 

moisturizes skin and hence it is used as a sun-screen agent. The eyebrows, eye lashes 

and surrounding skin are protected from oxidative damage, due to environmental 

influence or chemical treatment by use of compounds containing gamma-oryzanol. 

Also, Squalene, the main component of skin surface polyunsaturated lipids, shows 

some advantages for the skin as an emollient and antioxidant. As Rice Bran Oil is 

particularly high in fatty acids it is very beneficial for mature, delicate and sensitive 

skin.  Another unique characteristic of rice bran oil is that it is quickly absorbed into 

the skin and it is odorless. Therefore, for massage oil, rice bran oil is an excellent 

base oil to be mixed with essential oils. Also, rice bran oil has a small molecule 

which makes it easier to penetrate the skin which gives it good penetration without 

being greasy. 
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Rice bran oil wax has no odor and bleaches readily, and its impurities are easy to 

remove. It is used in paper coatings, textiles, explosives, fruit & vegetable coatings, 

candles, molded novelties, electric insulation, waterproofing, carbon paper, 

typewriter ribbons, printing inks, lubricants, crayons, adhesives, chewing gum and 

cosmetics. Varying from tan to light brown in color, it melts between 77 - 86 °C.  

 

The main components of rice bran oil wax are aliphatic acid and higher alcohol ester. 

In addition, rice bran oil wax contains unsaponifiable constituent such as melichrome 

alcohol, ceryl alcohol, isoerine alcohol and some free acid (palmitic acid), a few of 

alcohol, squalene and phosphoric acid lipid. It has been observed that rice bran oil 

wax at concentrations as low as 1 wt. % in triglycerides can crystallize to form stable 

gels. 

 
The shelf life of rice bran oil is very good which helps to translate to a long shelf life 

for the products made from it. 

 

2.9.1 Biodiesel production from rice bran oil  

 

Increased environmental awareness and depletion of resources are driving industry to 

develop viable alternative fuels from renewable resources that are environmentally 

more acceptable. The use of vegetable oils as alternative fuels has been around for 

one hundred years when the inventor of the diesel engine Rudolph Diesel first tested 

peanut oil, in his compression-ignition engine (Canakci & Sanli, 2008). The most 

detrimental properties of vegetable oils are its high viscosity and low volatility, and 

these cause several problems during their long duration usage in compression 

ignition (CI) engines. The most commonly used method to make vegetable oil 

suitable for use in CI engines is to convert it into biodiesel, i.e. vegetable oil esters 

using process of transesterification. This reaction is given below. 
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Figure 2.11: Reaction of biodiesel production 

 

Biodiesel is a biodegradable, renewable, non-toxic and environmentally friendly 

alternative fuel. Gunawan, et al. (2011) states that the cost of raw materials 

comprises 60–88 % of the production cost in commercial biodiesel (fatty acid methyl 

esters, FAMEs) production. Therefore, the use of low-cost raw material as a substrate 

is being preferred. Rice bran oil is a non-conventional and low-grade vegetable oil. 

The utilization of by product such as defatted rice bran for the production of proteins, 

carbohydrates, phytochemical, and the isolation and purification of value added 

nutraceutical generated during biodiesel production from RBO are attractive options 

to lower the cost of biodiesel.  

 

Production of biodiesel from RBO can be carried out either via in situ esterification, 

lipase-catalyzed esterification, acid-catalyzed or base-catalyzed reactions. A single 

step reaction for the conversion of RBO with high free fatty acid content into 

biodiesel, via acid-catalyzed, base-catalyzed or lipase-catalyzed, fails to attain high 

conversion in reasonably short time. Pretreatment of crude RBO such as 

dewaxing/degumming is a crucial step because of its efficient methanolysis (Ju & 

Vali, 2005). 

 

According to the research carried out by Sinha, et al. (2007), the optimum conditions 

for transesterification of rice bran oil with methanol and NaOH as catalyst has been 

55 °C reaction temperature, 1 h reaction time, 9:1 molar ratio of rice bran oil to 

methanol and 0.75 % catalyst (w/w). Rice bran oil methyl ester thus produced was 

characterized to find its suitability to be used as a fuel in engines. Results of Sinha, et 
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al. (2007) has shown that biodiesel obtained under the optimum conditions has 

comparable properties to substitute mineral Diesel; hence, rice bran oil methyl ester 

biodiesel could be recommended as a mineral Diesel fuel substitute for compression 

ignition (CI) engines in transportation as well as in the agriculture sector. 

 

Kasim, et al. (2009) has studied the production of biodiesel from low cost raw 

materials, such as rice bran and dewaxed-degummed rice bran oil (DDRBO), under 

supercritical condition. Carbon dioxide has been employed as co-solvent to decrease 

the supercritical temperature and pressure of methanol. The effects of different raw 

materials on the yield of biodiesel production have been investigated. In situ 

transesterification of rice bran with supercritical methanol at 30 MPa and 300 oC for 

5 min has not been a promising way to produce biodiesel because the purity and 

yield of fatty acid methyl esters (FAMEs) obtained have been 52.52 % and 51.28 %, 

respectively. When DDRBO was reacted, the purity and yield have been 89.25 % 

and 94.84 %, respectively.  

 

The transesterification of rice bran oil with methanol has been studied by Magalhães, 

et al. (2008), in the presence of sulfuric acid (H2SO4), tin chloride dihydrate 

(SnCl2·2H2O), tin 2-ethylhexanoate (Sn(C8H15O2)2), dibutyl tin oxide ((C4H9)2SnO), 

and dibutyl tin dilaurate ((C4H9)2Sn(C12H23O2)2), known commercially as DBTDL. 

Through the comparative analysis among the catalysts, they have observed that the 

complex DBTDL presented the best performance, with a yield of 68.9 % in 4 h using 

molar ratio 400:100:1 (methanol: oil: catalyst). These results have evidenced the 

viability of the use of metallic compounds as catalysts in the obtainment of biodiesel, 

an alternative to basic and acid catalysis. 

 

Various uses of rice bran and rice bran oil process outputs are given in Annex I-

figure 2.1. 
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2.10 EXTRACTION OF RICE BRAN OIL, A NEW INDUSTRY FOR SRI 

LANKA 

 

Since rice bran oil has several advantages and health protecting effects, necessary 

steps should be taken to enhance its production and consumption. The main edible 

oil in Sri Lanka is coconut oil and about three years ago Sri Lanka started to import 

rice bran oil from countries like India, Thailand, etc. Until then, palm oil, olive oil, 

soybean oil, etc. are the few other oils that were available in the market besides 

coconut oil. Constituents of different kinds of vegetable oil are given in table 2.2 in 

Annex I. 

 

In modern day Sri Lanka, Cardiovascular Disease (CVD) is the leading cause of 

death among adults. Today the standard non-pharmacological therapy for CVD and 

cholesterol consists primarily of modifying diet and lifestyle. Rice bran oil which has 

many built-in benefits it terms of cholesterol and CVD seems like the best item to be 

included in a healthy diet. 

 

In Sri Lanka, the cosmetic, hair care and skin care industries have developed to 

higher levels and rice bran oil would be a great ingredient to enhance the products. It 

will also enable these manufacturers to produce their products at a lower cost. The 

money spent on importing other oils and waxes will be less and it will help the 

country to prosper as well.  

 

Global production of rice bran oil fluctuates between 1,000,000 – 1,400,000 tons 

depending on rice production. Rice Bran Oil is extensively used in Japan, Korea, 

China, Taiwan and Thailand as ‘Premium Edible Oil’. Thailand, India, China, Japan 

and Myanmar are important producers of rice bran oil constituting more than 95 % of 

global production. 

 

In Sri Lanka, the rice bran from rice mills is being passed on to the piggeries for 

animal food. The farmers and millers are not aware of the hidden value of this bran.  
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Rice bran oil production is still not available in Sri Lanka is probably because the 

difficulties in collecting bran, transportation, keeping the bran stabilized, having 

fresh clean bran, etc.   

 

Total production of rice in Sri Lanka in Yala and Maha seasons in 2011 and 2011/12 

are given in table 2.3 in Annex I. Annuradhapura, Ampara, Polonnaruwa and 

Kurunegala regions have the highest production and these areas seem to have a good 

potential for basing the rice bran oil production. The rice millers need to play a vital 

role for the initiation of this industry by helping to recover good rice bran and carry 

out required stabilizations.  


