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 CHAPTER 3 

 

EXPERIMENTAL MEASUREMENTS 

 
This chapter describes the methods adopted for raw and parboiled bran pretreatment, 

oil extraction, refining and analysis. Further, the methods used to determine the 

properties of extracted oil, including the fatty acid composition and experiments 

conducted to find the mass transfer co-efficient and cross flow extraction trials are 

explained.  

 

Five different varieties of paddy grown in Sri Lanka namely, BG360, BG450, 

BW364, BG352, AT307 and LD356 were selected. Industrial grade Iso Propyl 

Alcohol (IPA) (supplied by Glorchem Enterprise) was used as the solvent for 

extraction and full fat rice bran from the polisher unit of local mills were used for all 

the experiments. All the experiments were duplicate or triplicate to confirm results. 

 

The general procedure adopted for rice bran oil extraction was as follows: 

i. Pretreatment- The required type of paddy was given to mills and fresh bran 

was obtained from the polisher. The bran was refrigerated at 20 °C until it 

was used for experiments. It was sieved through a 710 µm aperture sieve to 

remove foreign materials, paddy kernels, hulls, broken rice, stones, etc. 

 

Stabilization- In order to prevent the lipase enzyme activity, bran was 

stabilized by the method of steaming. Live steam of effective temperature of 

100 2 °C was passed through a bed of bran for 30 minutes in a steaming 

chamber of 25 cm in diameter with a perforated bottom. The effect of steam 

stabilization has been further discussed in Chapter 2, section 2.2.  

 

ii. Pelletization - Rice bran was pelletized by pushing the steamed bran through 

a 8 mm diameter pipe (antenna rod) connected to a plastic funnel from a steel 
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rod and then cutting into small pieces from a blade. This was done manually. 

The size of the pellets used for solvent extraction was 8 mm in diameter and 5 

mm in height and the pellets were kept refrigerated at 20 °C in sealed 

polythene bags until the use. Steaming aided good formation of pellets as it 

converts starch into dextrin. 

 

iii. Solvent extraction - Then the pellets were inserted into a thimble and 

extraction was carried out using IPA as the solvent in the Soxhlet apparatus 

with 500 ml capacity and a reflux condenser. Two cycles per thimble was 

done and part of the IPA was recovered from the Soxhlet apparatus itself and 

the balance was evaporated in a water-bath at the boiling point (82.4 °C) of 

IPA.  

 

iv. Refining – Dewaxing, degumming, neutralizing and bleaching are the steps in 

refining. Crude rice bran oil was cooled to 18 °C and was centrifuged at 3000 

rpm. The wax layer was formed on top and this was removed by using a 

dropper and a small pipette bulb. Bran particles, which have entered the 

solution during extraction was settled at the bottom due to centrifugation and 

oil was carefully separated out from the particles by slowly decanting out. In 

order to carry out degumming, the oil and water at 60 °C was mixed to a ratio 

of 100:5 and was thoroughly agitated for 15 minutes. The oil was then 

separated from gum by centrifugation at 3000 rpm. Then the oil was mixed 

with 0.1 N Sodium Hydroxide solution and centrifuged at 3000 rpm. Here, 

for 1g of oil 0.4ml of NaOH was used. The traces of soap stock were 

removed by using warm water. Finally the neutralized oil was mixed with 10 

% by weight powdered activated carbon and the mixture was stirred for 1 

hour keeping the temperature at 60 °C. 
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3.1 DETERMINATION OF YIELD  

Rice bran oil extraction was carried out using industrial grade IPA in the soxhlet 

apparatus. The bran used was subjected to equivalent conditions such as same degree 

of polishing of rice, pelletization, steaming, storage, refining, etc. Two samples from 

each variety were obtained and the mean value was taken for calculation and plotting 

purposes. The following measurements were taken to determine the percentage of oil 

extracted. 

A- Weight of the thimble (g) 

B- Weight of the thimble with rice bran pellets (g) 

C- Weight of the empty beaker to which oil to be collected (g) 

D- Weight of the beaker with oil (g) 

Yield	(%	of	oil	extracted) =
D − C
B − A x100%	 

 

3.2 TEST METHODS FOR OIL ANALYSIS 

 

3.2.1 Free Fatty Acid (FFA) content of oil (ASTM D1639) 

 

Three grams of oil was weighed accurately and 100 ml of IPA was added with few 

drops of phenolphthalein indicator solution. The mixture was vigorously shaken until 

the sample dissolved completely. Then it was titrated with 0.1 N alcoholic potassium 

hydroxide solution until pale pink color persisted for 30 seconds.  

 

Acid Value (AV) is the amount of free acid present in fat as measured by the 

milligrams of potassium hydroxide needed to neutralize it and the free fatty acid 

(FFA) percentage was calculated by multiplying the Acid Value by 0.503: 

FFA % = AV×0.503 

             = 


S
56.1  [KOH] V 0.503 
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Where, 

V - volume of 0.1 N alcoholic potassium hydroxide solution consumed in titration (l) 

[KOH] - Concentration of alcoholic potassium hydroxide solution (mol/l) 

S - weight of sample (g) 

 

3.2.2 Saponification Value (ASTM D1962) 

 

One gram of the oil sample was accurately weighed to 1 mg accuracy into a 200 ml 

or 300 ml Erlenmeyer flask, and exactly 25 ml of N/2 alcoholic potassium hydroxide 

solution was added.  25 ml of N/2 alcoholic potassium hydroxide solution was added 

to an additional flask to be used as the blank. A condenser loop was placed inside the 

neck of each flask and was heated on a water bath for 1 hour. Immediately after the 

reaction has ceased, the solution was cooled and the condenser was detached from 

the flask. This point was identified by the absence of any oily matter and the 

appearance of clear solution. 1ml of phenolphthalein indicator was added and titrated 

with standardized (0.5 N) hydrochloric acid until the pink color has just disappeared. 

Same steps were followed for the blank as well.  

 

Saponification value (SV) was calculated by the following formula: 

 

SV= 
S

56.1 N V)-(B   

 

Where, 

V - Volume of standardized hydrochloric acid consumed in actual titration (l) 

B - Volume of standardized hydrochloric acid consumed in blank titration (l) 

S - Weight of sample (g) 

N - Normality of HCl (mol/l) 
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3.2.3 Unsaponifiable Matter (ASTM D1965) 

 

Five grams of oil sample was weighed to a 200 ml soxhlet flask and 30 ml of 

Isopropanol and 5 ml of potassium hydroxide solution (50 %) was added. The 

mixture was boiled gently but steadily with reflux condensing in a water bath for a 

minimum of 1 hour. Then it was transferred to a measuring cylinder and was washed 

to the 40 ml mark with alcohol. The transfer was completed when warm and then 

cold water was added until the total volume is 80 ml. The flask was washed out with 

a little petroleum ether and was added to the cylinder. Then 50 ml of petroleum ether 

was added. The mixture was shaken vigorously and was allowed to settle. The 

petroleum ether fraction was drawn into a separating funnel containing 5 ml of ethyl 

alcohol (1+9). The extraction was repeated using 50 ml portions of petroleum ether 

each time, at least for 6 times. The combined extracts were washed in a separating 

funnel with 25 ml portions of alcohol (1+9), shaking vigorously and drawing off the 

alcohol layer after each wash. The washing was discontinued when the wash solution 

was neutral to phenolphthalein. 

 
The ether extract was transferred to a tared beaker and was evaporated in a water 

bath. The drying was completed to a constant weight in an oven at 105 °C. Then it 

was cooled in a desiccator and was weighed. Then 50 ml of warm (about 50 °C) 

ethyl alcohol (95 %) containing approximately 1 ml of the indicator  and previously 

neutralized to a faint pink color was added to the residue. Then this was titrated with 

0.02 N sodium hydroxide solution to the same color. 

 
Percent of unsaponifiable matter, M can be calculated as; 

 

100]/)[(%
282.0




SARM
VNA

 

 

Where, 

A - Fatty acids in the extract (g) 
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V - Volume of sodium hydroxide solution consumed for titration of the fatty 

acids (l) 

N - Normality of the sodium hydroxide solution (mol/l) 

R - Weight of residue (g) 

S - Weight of sample (g) 

 

3.2.4 Iodine Value (SLS313 Part II 1993) 

 

Into a 500 ml iodine flask, 0.2 g of oil was weighed accurately. 20 ml of carbon 

tetrachloride was added to dissolve the sample. Exactly 25 ml of Wij’s reagent was 

added to the mixture and the stopper was inserted tightly and was swirled well. After 

keeping in the dark at a temperature of 20-300C for 1-2 hours 20 ml of potassium 

Iodide (10%) and 150 ml of water was added. This mixture was titrated with a 

standard volumetric sodium thiosulphate solution and when the color was changed to 

pale yellow, 3 ml of starch solution was added. Then the titration was continued until 

the end point, blue to colorless. The titration was carried out while shaking the flask 

vigorously in small time intervals. A blank titration was also performed. 

 

Iodine value (IV) was calculated by the following formula: 

 

m
VVCIV )(692.12 21 

  

 

Where, 

C- Concentration of sodium thiosulphate solution 

1V  - Volume of sodium thiosulphate solution consumed for the blank titration 

2V  - Volume of sodium thiosulphate solution consumed for the sample titration  

m - Weight of the sample (g) 
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3.2.5 Specific Gravity (AOCS Official Method To 1a-64) 

 

The sample was cooled to 20 °C for 30 minutes and poured to the specific gravity 

bottle until overflowing, holding the bottle on its side in such a manner as to prevent 

the entrapment of air bubbles. The stopper was inserted and immersed in 25 °C for 30 

minutes. The fatty acid which has come through the capillary was carefully wiped off 

and dried thoroughly. The bottle was weighed at 25 °C and specific gravity was 

calculated as follows: 

 

Specific	gravity =
A − B
C − B 

Where, 

A – Weight of specific gravity bottle with oil at 25 °C (g) 

B – Weight of specific gravity bottle 25 °C (g) 

C – Weight of specific gravity bottle with water 25 °C (g) 

 

3.3 DETERMINATION OF FATTY ACID COMPOSITION OF RICE BRAN 

OIL 

 

The fatty acid composition was found by a Gas Chromatography (GC) for the bran 

types LD356 and AT307. GC is used to separate volatile components of a mixture 

and a gas chromatograph consists of a flowing mobile phase, an injection port, a 

separation column containing the stationary phase, a detector, and a data recording 

system. The injector is set to a temperature higher than the components’ boiling 

points.  So, components of the mixture evaporated into the gas phase inside the 

injector.  

 

Gas chromatography (GC) is a chromatographic technique that can be used to 

separate organic compounds that are volatile. The sample is transported through the 

column by the flow of inert, gaseous mobile phase. The organic compounds are 
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separated due to differences in their partitioning behavior between the mobile gas 

phase and the stationary phase in the column.  

 
Figure 3.1: Schematic drawing of a gas chromatograph  

 

The following steps were followed in GC: 

i. A syringe was washed with acetone by filling the syringe completely and 

ejecting. This was repeated for 2-3 times. 

ii. Oil sample was pulled into the syringe while rapidly moving the plunger up 

and down to remove air bubbles.  

iii. Ensured the chart recorder is switched on and the necessary settings such as 

chart speed, baseline setting, etc. was done. 

iv. The sample was injected into one of the columns as instructed. 

v. The syringe level was held and the needle was pushed completely into the 

injector. The plunger was quickly pushed as soon as the needle was no longer 

seen and the syringe was pulled out of the injection port. 

vi. The injection time was marked on the chart recorder by adjusting the zero just 

after the sample was injected. 

vii. Syringe was cleaned immediately after injection. 

viii. The settings of the chart recorder and the GC were recorded during the run. 

 

The standard adopted was ISO 5509:1978 and flame-ionization (FID) detector was 

used. 
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3.4 DETERMINATION OF MASS TRANSFER CO-EFFICIENT 

 

IPA extractions were carried out with steam stabilized rice bran pellets of 8 mm 

diameter and 5 mm height for varieties BG352 and AT307. The solvent was 

preheated to the extraction temperature. 20 g of bran and 300 ml of IPA was used for 

each extraction with constant stirring. This experiment was carried out in batches 

having the first batch extraction time for 10 minutes, the next for 20 minutes and 

continued till 120 minutes in 10 minute intervals. The solution was filtered by 

vacuum filtration and the extracted oil was separated using the rotary evaporator and 

the water bath. The extracted oil percentage was calculated for each sample. Two 

samples for each time were done and the mean value was taken for calculations for 

the determination of mass transfer coefficient. In transfer of mass from some 

interface into a well-mixed solution, the amount transferred is proportional to the 

concentration difference and the interfacial area. The summarized proportionality is 

the mass transfer coefficient.  

 

The following equation, which is derived in Chapter 2, section 2.3.3 is used to 

determine the mass transfer coefficient, KL.   

t
V

AK
cc

c L

s

s 


ln  

 

 

3.5 RICE BRAN OIL EXTRACTION USING CROSS FLOW EXTRACTION 

METHOD 

 

Steam stabilized rice bran pellets of 8 mm diameter and 5 mm height of varieties 

LD356 and AT307 were used for IPA extractions using cross flow extraction method 

in the soxhlet apparatus. Experiment was started by following the general extraction 

procedure and when the first round (i.e. the IPA in the boiling flask is evaporated, 

condensed and percolated through the bran, filled up the extraction tube and returned 

to the boiling flask through the siphon arm) was completed, the extract was (E1 in 

figure 3.2) removed and the used-up bran (raffinate) or R1 in figure 3.2 was taken as 
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the feed for the next round. The boiling flask was filled with fresh solvent and 

apparatus was turned on. As before, once the first round of circulation is completed 

extract in the flask was taken out and the used up bran was left as the feed for the 

next round. The flask was filled with fresh solvent again and after the first round of 

circulation the entire process was stopped. The extract in the flask was collected and 

the thimble with used pellets was removed. The IPA in the collected extracts was 

removed using rotary evaporation and by heating in the water bath. The amount of 

oil extracted at each stage was weighed.  

 

 

 

 

 

  

 

  

 

 

 

 

 

Figure 3.2: Cross flow extraction process 

 

From the final solvent and oil mixture or also called the solution, a certain amount is 

absorbed to the bran (inert). In order to determine the amount of solution absorbed to 

the bran (inert), steam stabilized rice bran pellets of 8 mm diameter and 5mm height 

was taken to a thimble and the initial weight was measured. Then the complete 

extraction was carried out using IPA as the solvent in soxhlet extraction unit. After 

the extraction, the final weight of the thimble and the used-up bran (raffinate) was 

measured. Then the amount of the solution absorbed to the bran, as a percentage, was 

determined by calculations. The amount absorbed by the thimble was considered to 

be negligible.   
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3.6 OIL EXTRACTION AND ANALYSIS OF RAW AND PARBOILED BRAN 

 

Before milling or polishing in the mill, the paddy was parboiled in a steamer for one 

hour. Then the parboiled paddy was dried and was subjected to the milling process 

for collection of fresh bran. This was done for the paddy variety BG450 and fresh 

bran of raw BG450 was also collected at the same time.  Steam stabilized rice bran 

pellets of 8 mm diameter and 5 mm height was used for extractions and oil was 

extracted using IPA in the soxhlet extraction unit. Extractions were done in every 5 

days for 30 days after milling. The percentage of oil extracted was determined for 

both raw and parboiled bran extracted oil and the FFA content was measured as well.  

 


