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 A B S T R A C T  
 
Flaxseed used for the extraction of oil has various health benefits as the risks of various chronic diseases are reduced. Flaxseed oil has 

gained a great importance because of its edible oil which is considered to contain fantastic source of omega-3 fatty acid Alpha Linolenic 

Acid, proteins, lignans, minerals, vitamins etc. Because of its omega-3 fatty acid content it is used to reduce the risk of various heart 

diseases. Three-phase partitioning is an efficient bio separation method used for oil extraction from flaxseeds. In this process three 

phases are formed. These phases are organic phase, intermediate and aqueous phase. In the top layer solvent is present in 

intermediate layer protein and slurry is present and in lower aqueous phase water is present. In tpp, centrifugation for 15 min at 3000 

rpm was done to obtain three phases then upper phase is transferred to the flask for Rota evaporation to remove the solvent and get the 

oil percentage.  Different parameters were optimized to get the higher percentage of oil such as ammonium sulphate, t-butanol, and 

petroleum ether, solvent to slurry ratio and protease enzyme. The maximum percentage of oil was obtained at 40 % ammonium 

sulphate, t-butanol & petroleum ether ratio to slurry ratio (1:1). 
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INTRODUCTION 

The oldest crop which is cultivated from the beginning of civilization is Flaxseed (Laux, 2011). Linum usitatissimum is the 
Latin word of the flaxseed means “extremely beneficial or useful”. In US, colonists first introduced Flax so as to obtain 

fiber used for clothing (Laux, 2011). Each fraction of this plant is used at a large scale before and after processing. The 

fiber with excellent quality is obtained from its stem with high durability and strength (Singh et al., 2011). The terms 
linseed and flaxseed has small differences in using.  Linseed describes it when used in industry and feed purpose while 

flaxseed is used as flax when utilized by humans as food (Morris, 2008). Flaxseed has gained the main interest from the 

last two decades in the area of disease and diet research because of its several health benefits. It possesses various 
nutritional properties and is great source of ω-3 fatty acid: α-linolenic acid (ALA), insoluble and soluble fibers, 
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phytoestrogenic lignans (secoisolariciresinol diglycoside-SDG), short chain polyunsaturated fatty acids (PUFA), proteins 

& antioxidants (Ivanova et al., 2011).  

The fame of flax seed is growing because of its various health promoting benefits in decreasing CVDs, reduces cancer, 

mainly the prostate and mammary gland, it acts as laxative effect, anti-inflammatory activity, osteoporosis alleviation & 
menopausal symptom. The rich source of ω-3 fatty acid: α-linolenic acid (ALA) (Tonon et al., 2011) and lignans 

(phytoestrogens) is flaxseed (Singh et al., 2011). The important growers of flax seed are Canada, US, China, India and 

Ethiopia. India was ranked 4th having 0.15 mt of total flaxseed production (FAO 2012). The main two basic varieties of 
flaxseeds are brown and golden or yellow having same nutritional value with similar number of short-chain ω-3 fatty 

acids. The solin (yellow flax) trade name Linola is an exception. This solin varies from flax because of its oil profile and 

with lessω-3 fatty acid content (Dribnenki et al., 2007). In paints, cattle feed, fiber and varnish, brown flax is greatly used 
for them (Singh et al., 2011).  

In food bazaars several edible forms of flaxseeds are present like milled flax, whole flax, flax oil etc. It is a 
multicomponent system according to its physicochemical composition with bio-active plant components like protein, oil, 

soluble polysaccharides, dietary fiber, lignans, vitamins (A, E, C and F), mineral (Mg, P, K, Fe, Cu, Na, Zn and Mn) and 

phenolic components (Jheimbach and Port Royal, 2009). This oil is rich in polyunsaturated fatty acid (73%), rich in 
monosaturated fatty acids (18 %), and low in saturated fatty acids (9 %) (Cunnane et al.,1993). This oil contains α- 

linolenic acid the main fatty acid varying from 39.00 to 60.42 % followed by oleic, linoleic, palmitic & stearic acids that is 

considered to be a good ω-6: ω-3 fatty acid ratio of about 0.3:1 (Pellizzon et al., 2007) and also contains an excellent 

amount of anti-oxidants such as beta-carotene and tocopherols. The conventional oil of flaxseed is oxidizable when 
extracted & purified. The bioavailability of ALA is greater in oil as compared to the milled seed, and also has high 

bioavailability in milled seed and oil than in whole seed and the bioavailability of ALA depends on the type of flax 

ingested (Austria et al., 2008). The amount of protein in flaxseed ranges from 20% to 30%and constitutes 80% of 
globulins (conlinin and linin) and 20% of glutelin (Hall et al., 2006). The soybean and flaxseed have same profile of 

amino acids and has no gluten (Oomah, 2001; Hongzhi et al., 2004).  

Flax protein is not considered as a complete protein because of limiting amino acid- lysine (Chung et al., 2005). It 

consists of peptides with great bioactivities that help to reduce the CVD risk (Udenigwe and Aluko, 2010). Isolated 

proteins, whole flaxseed and flaxseed meal contains great amount of aromatic amino acid (phenylalanine &tyrosine), 
glutamic acid/glutamine, branched-chain amino acids and arginine (leucine and valine). 3.25 g/100 g is the total nitrogen 

present in flaxseed (Gopalan et al., 2007). Recently, various methods of extraction for lipid and oil have been studied. 

The hexane extraction methods were used extensively on the commercial platform. The alternative to the hexane 
extraction is three phase partitioning (TPP) that separates other valuable bio molecules like proteins. The process of 

TPP was practiced by various researchers along with some pre-treatments such as high pressure and ultrasound that 

amplifies the oil extraction, and incubation with enzymes. The three phase partitioning method is considered to be an 
eco-friendly and an efficient method to extract oil. TPP is also said to be a great method for protein extraction in addition 

to the oil extraction. Three separated phases formed in TPP were hydrophilic moieties like polysaccharides in bottom 

phase, proteins in the middle precipitate phase& oil in upper organic phase (Gaur et al., 2007).  

Oil seeds are the main interest in extraction of oil while other biomolecules such as pigments and proteins are the by-

products that are obtained simultaneously using TPP. (Mulchandani et al., 2015) used algae to extract lipids by TPP 
where separation of carotenoids & proteins in the bottom and middle phase and separation of lipid in upper organic 
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phase was seen. The efficiency analysis of TPP process is eventually explored (Mulchandani et al., 2015). In TPP t-

butanol as an organic phase with better solubility for oils was used because of its high boiling point than hexane. This 
characteristic feature of t-butanol makes it safe solvent when adding less quantity of volatile organic components to 

atmosphere (Sahad et al., 2014). Oil extraction of Jatropha by Three Phase Partitioning was analysed using FTIR 

spectroscopy and t-butanol was not found in oil. The amount t-butanol escaped from oil was illustrated by simple 
evaporation method at 50°C (Shah et al., 2004). The oil is also recovered by decreasing temperature to freezing point of 

t-butanol (25.5C) which in turn makes the process more effective because very low energy is required (Sharma et al., 

2002; Vidhate and Singhal, 2013). Therefore, TPP can be illustrated as an oil extraction process because of its easy, 
economic & scalable operation (Taylor 2015). TPP is simultaneously used for bio molecules separation where 

contamination chances get decreased (Dutta et al., 2015). 

MATERIALS AND METHODS 

Sample preparation 
 

Flaxseed was first grinded into a very fine powder in a grinder. It was then passed through a sieve with mesh size 0.425 

mm & the resultant powder was then stored at −19 °C until further use. Prior to all the extractions proximate analysis of 
the powder was done. 

Extraction of flaxseed oil using soxtherm gerhardt 

In this method, sample of brown flaxseeds were taken and then cleaned and ground using mortar and pestle or grinder 

to ground material then material was taken in extraction thimble (5g) sealed with some cotton and placed in soxotherm 
unit for 2 hrs at 150°C. After extraction recovery of solvent was done and the recovered oil was stored in an oven until 

use for further experiments. 

Determination of physio chemical parameters  

The physio chemical characteristics of oil viz, peroxide value, saponification value, acid value, free fatty acids, iodine 
value, oil content, moisture content were carried out using the method of (AOAC, 1990). 

Estimation of moisture content  

Moisture content of native flaxseeds was estimated by AOAC (1990) method. The hot air oven at 105°c at 4 hours was 

used to dry the 5gm of sample placed on petri dish for moisture loss and the moisture loss was estimated by difference 
between the initial/original moisture and final moisture content. 

Estimation of peroxide value (PV) 

Peroxide value of native oil was estimated by AOAC (1990) method. The reagents used for the analysis of peroxide 

value in the oil were the starch indicator (1%), KI solution (saturated), glacial acetic acid (10ml), chloroform (5ml), and 
0.1N of sodium thiosulphate. The oil samples were weighed 2.5g to which 15ml of glacial acetic acid: chloroform mixture 

in the ratio of (1:2) was added and mixed well followed by adding (0.25ml) of potassium iodide (KI). The flask was placed 

in a shady chamber for I min then 15ml of distilled water was added to stop the reaction. Starch indicator (1g) was further 
added and titrated against 0.1N of sodium thiosulphate.  PV is determined as follows. 
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Peroxide	value	(PV) 				= 		
Volume	of	sodium	thiosulphate	consumed	x	N	x	100

	Sample	Weight	  

    Where N indicates the normality of sodium thiosulphate solution. 

Estimation of free fatty acid and acid value 

Free fatty acid value of native oil was determined by AOAC (1990) methods. Neutralization of alcohol was carried out by 
titrating against with 0.1N of potassium hydroxide solution. Oil samples 7.0 ±0.05 g of was weighed 50-75ml of 

neutralized alcohol was added to dissolve the oil. The contents were warmed on boiling water bath followed by the 

addition of phenopthelin indicator, free fatty acids content were estimated by titration of sample against 0.25N of 
potassium hydroxide solution. FFA was calculated as: 

Acid	value	(AV) 				= 		
Vol. of	alkali	consumed	x	N	x	56.2

Sample	Weight	  

Where N= is the normality of potassium hydroxide solution, AV= acid value of the sample in mg/KOH/g, 56.2= is the 

molecular weight of potassium hydroxide 

	FFA	as	oleic	acid%					 = 		
Vol. of	alkali	consumed	x	N	x	282	x100

	Sample	Weight	  

Where, N= normality of sodium hydroxide, %FFA= free fatty acid (g/100g) expressed as oleic acid, 282= molecular 

weight of oleic acid (g/mol) 

Also, Acid value=%FFA (as oleic) x1.99 

Estimation of saponification value of the oil 

Saponification value of the native oil was estimated by AOAC (1990) method. To perform the saponification, the oil was 
filtered first using filter paper to eliminate all the impurities present on it and ensure sample was dried. 5g of Sample oil 

was mixed and weighed accurately into each of 250-300 ml flasks connected to reflux condenser, the sample weight was 

recorded and the samples were prepared in duplicates. From a burette50 ml of alcoholic beverages were added into the 
flask. Duplicate blank samples were prepared with just 50ml of alcoholic KOH in a 250-300 ml of flask and also some 

boiling beads were added to the flask with oil samples. Mixture was boiled gently until complete saponification was done 

(require 30-60min) followed by cooling. I ml of phenopthelin indicator was added to the sample and titrated with 0.5N 
HCL until pink colour appeared, the titrant volume was recorded and the same steps were repeated with the blank 

sample.  

Saponification	value					 = 		
(B − S	x	N	x	56.1)	
	Sample	Weight	  

Where, saponification value =mg KOH per g of sample, B= titrant volume (ml) for blank, S= titrant volume (ml) for 
sample, N= normality of HCL (mmol/ml), 56.1=MW of KOH (mg/mmol), W=mass of sample (g) 

Estimation of iodine value (IV) 

The iodine value was estimated by AOAC (1990) method. 0.5 to 1 g of sample was weighed into each of 2 dry 500-
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mlstoppered glass flasks. 10 ml of chloroform was added so that oil or fat gets dissolved well; two blanks were prepared 

by adding only the 10 ml chloroform to 500 ml stoppered flask. Pipette 25ml was iodine solution to the flasks. The 
quantity of iodine must be 50-60% in excess of that absorbed by the fat. With occasional shaking flasks were allowed to 

stand for 30 min in the dark. 20 ml of potassium iodide was added in the solution after incubation in the dark. Shaken 

vigorously, 100 ml of freshly boiled & cold water was added so as to wash down any free iodine on the stopper. Sample 
was titrated with standard sodium thiosulfate solution, with constant shaking until the yellow colour disappeared, then 1-2 

ml of starch indicator was added and titration continued until the blue colour disappeared. the volume of titrant used was 

recorded. 	

Iodine	value				 = 		
(B − S)	x	N	x126.9	x100	

	Weight	of	sample  

 

Where, B = volume in ml of the standard solution needed for blank, S = volume in ml of standard solution of sodium 

thiosulfate solution necessary for the sample, N = Normality of the standard sodium thiosulphate solution required for the 

sample, W = sample weight, 126.9 = molecular weight of iodine  

Specific gravity of oil 

The specific gravity was estimated by the AOAC (1990) method. The specific gravity bottle was washed and dried in an 
oven. Cooled for a while &the weight of this bottle was taken using an electronic balance. Then specific gravity bottle 

was filled with distilled water & the stopper was inserted without entrapment of air bubble. The residual water was 

removed that had extruded from capillary. The specific gravity bottle with distilled water was opened and weighed again. 
The residual water was removed. the specific gravity bottle was cleaned and dried in an oven followed by cooling. The 

specific gravity bottle was again filled with flaxseed oil & the weighed. Specific gravity was calculated as 

Specific	Gravity = 		
weight	of	flaxseed	oil	

	Weight	of	distilled	water 

Extraction of oil from flaxseeds using different methods  

Oil extracted from flaxseeds using three phase partitioning process (TPP) 

Flaxseeds (5g) were cleaned and grinded. These grinded seeds were dispersed in 40 ml of distilled water and stirred on 

a magnetic stirrer gently so as to make slurry. The ph. of slurry was varied from 2 to 9 for a maximum yield using 0.1N 
HCL and 0.1N NaOH solution. The ammonium sulphate salt was added to slurry from 30% to 70%(w/v) and vortex 

gently, followed by adding tertiary butanol and petroleum ether varying the ratio from 1:1 and 1:4 the mixture was kept at 

25°c for 1 hour. Three different phases were obtained, upper phase as organic phase containing oil dissolved in tertiary 
butanol and petroleum ether, middle phase as precipitate layer containing dissolved protein and the other components, 

and the bottom phase as the aqueous phase containing salt. Three phases were separated by the centrifuging the 

concentrate at 3000 rpm for 15 minutes. The top organic phase was collected in the conical flask and subjected to rotary 

evaporator for the removal of tertiary butanol and petroleum ether. The final weight of the conical flask was measured 
and yield was calculated in different conditions. 
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Fig 1: Three Phase Partitioning                                  Fig 2: Extracted oil 

 

Enzymatic treatment of flaxseeds before three phase partitioning process 

Enzymatic treatment of flaxseeds was done with the help of an enzyme (protease) ph. (7.0) (sigma Aldrich pvt ltd) with 

the enzyme activity (30-U/mg) 5gm flaxseeds were cleaned, grinded, and dissolved in distilled water, the slurry was 

prepared and incubated for some time and then cooled at room temperature. The pH. was adjusted to using 0.1N OF 
NaOH and 0.1 N of HCL solutions. Then some amount of an enzyme was added to the slurry then other process of three 

phase Partitioning. 

Extraction of flaxseed oil using soxhlet apparatus 

The oil extraction was done by using official AOAC (1990) method. Sample of brown flaxseed was taken cleaned to 
remove impurities and dried in an oven at 105°C for 4 hours, and then overnight sample was grinded to the powdered 

form using mortar &pestle. The ground material (10gm) was taken in the extraction thimble sealed with cotton on both 

sides and placed in the soxhlet extraction apparatus with round bottom flask and water condenser. The oil seed 
extraction was performed for 8 hrs using petroleum ether (60-80°C), after extraction petroleum ether was removed under 

reduced pressure. There covered oil was stored in the oven till further analysis were done. 

RESULTS AND DISCUSSION 
 

Moisture content of flaxseeds 

The moisture content was calculated using hot air oven, and was found nearly 6.7% of moisture was present in 
flaxseeds before oil extracted from them, before extracting the oil, seeds were dried to remove the moisture, the 

experiment was done in duplicates. The results obtained were in close conformation with the results of (Coşkuner and 

Karababa, 2007). 

Physiochemical characteristics of oil extracted from flax seeds 

The iodine value of the extracted oil was to be in the range of 165-169±0.03(gI2/100g), while the acid value was 

observed as 1.3±0.02 (mg KOH/g). The peroxide value of the extracted oil was 2.75 (meq KOH/g). The results obtained 

were in close conformation with the results of (Nikhil et al., 2017). Whereas, the saponification value was observed 
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192(mgKOH)/g). The free fatty acid and specific gravity were observed as 0.3% and 0.921 respectively. The similar 

results were attained by (Hoosseinian et al., 2004).   

Extraction of oil using three phase partitioning process (TPP) 

Tpp was used efficiently to extract oil from flax seeds. The oil was seen on the top layer on the organic phase. Different 

parameters were optimized to obtain maximum yield from the seeds. Concentration in TPP on oil extraction in this, the 

slurry was prepared by dissolving flaxseeds (5g/40ml) distilled water, the maximum yield of oil 21.455% is obtained at 
40% of ammonium sulphate concentration. The variation in the yield can be seen from the table 1. obtained are in close 

conformation with the results of (Kar et al., 2015). 

Table 1. Effect of ammonium sulphate concentration on the extraction of oil from flaxseeds 

Ammonium 
sulphate 
concentration 

Oil yield (%) Oil yield (%) Mean Standard 
deviation 
(S.D) 

30% 15.13 13.7 14.41 0.715 

40% 20 22.91 21.455 1.455 

50% 12.7 10 11.35 1.35 

60% 12.92 9.7 11.31 1.61 

70% 8 12 10 2 

 

Effect of tertiary butanol and petroleum ether to flaxseeds slurry ratio on the oil extraction by TPP 

The effect of different ratio of t- butanol to the flaxseed slurry in TPP on oil extraction was observed. The ratio of 1:1, 1:2, 

1:3, 1:4, 1:5 of t- butanol Ratio/petroleum ether had significant effect on the oil yield. In the slurry, Ammonium sulphate 
(40%w/v) was added and was gently vortexed followed by addition of t- butanol to obtain different volumetric ratios of 

slurry to t- butanol ratio as shown in table 2. It was seen that there were the variations in the change of slurry to t- 

butanol ratio there was the direct effect on the oil concentration. The results obtained were in close conformation with the 
results of (Montgomery 2009). 

Table 2. Effect of t- butanol & petroleum ether ratio on the extraction of oil from flaxseeds 

t- butanol 
Ratio/petroleum ether 

Oil yield (%) Oil yield (%) Mean Standard 
deviation 
(S.D) 

1:1 13 12 12.5 0.5 

1:2 28 32 30 2 

1:3 18 13 15.5 2.5 

1:4 14 19 16.5 2.5 

1:5 18 17.5 17.75 0.25 
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Effect of varying pH of slurry during the three phase partitioning 

 The pH of slurry has a great role in the extraction of oil. By varying the pH ranging from 4 to 9, it was estimated that 

highest oil yield was achieved at pH 4 and all concentrations, and yield was least obtained at pH 9 as shown in table 3. 

No oil was obtained for 70% to 80% ammonium sulphate concentration at pH 9. This result can be interpreted from the 
graph showing the variation of the pH and yield percentage. The results obtained were in close conformation with the 

results of (Nikhil et al., 2017). 

Table 3. Effect of different pH on the extraction of oil from flaxseeds 

pH Oil yield 
(%) 

Oil yield 
(%) 

Mean Standard 
deviation 
(S.D) 

4 7.2 6 6.6 0.6 

7 12 13.5 12.75 0.75 

9 6.5 6.8 6.65 0.15 
 

Effect of enzyme pre-treatment on the percentage of oil 

Protease enzyme was used in order to get the maximum yield of extracted oil, it has the enzyme activity of 30units/g. it 

shows its maximum activity at pH 5.0-5.5 as shown in table 4. Thus, a beaker was taken containing flax seeds (ratio 1:4 
w/v; seeds: water) and ph. adjusted accordingly and enzyme was added 2% by seed. It was observed that there were a 

greater percentage of oil yields. 

Table 4. Effect of protease enzyme on the extraction of oil from flaxseeds 

pH 
(Enzyme) 

Oil yield 
(%) 

Oil yield 
(%) 

Mean Standard 
deviation 
(S.D) 

3 6.1 8.1 7.1 1 

4 7.2 7.5 7.35 0.15 

5.5 10 12.7 11.35 1.35 

7 7 7.8 7.4 0.41 

10 4 5.1 4.55 0.55 

 

The above results showed the effect of enzymatic pre-treatment followed by TPP on the oil yield, the slurry pH was 
adjusted to 5.5 before adding the enzyme protease. The slurry was incubated at 45°c for 30 min then adding 40% 

ammonium sulphate, t- butanol & petroleum ether ratio(1:1:1v/v) to the slurry. Maximum yield was obtained with the 

enzyme protease. 

 Comparison of oil yield among different process 

Three different processes were taken into account in order to compare the yield percentage of extracted oil and 

extraction efficiency through these processes. This involves solvent extraction method by soxhlet apparatus, soxotherm 

and three phase partitioning process (TPP) as shown in table 5. 
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Table 5. Effect of different methods on oil yield 

Methods   Oil 
yield(%age) 

Extraction  
efficiency  

Source  

Solvent Extraction Method      40-50% 96-100 Experimental  

Soxtherm    35-40% 70-75 Experimental 

Three phase partitioning    30-33% 80-86 Experimental 

 

 CONCLUSION 

The study investigated the essential benefits of flaxseed and its oil and the process of extracting the flaxseed oil. It was 
found that three phase partitioning is an effective alternate technique for extraction of oil but more extensive modelling 

and scale-up findings is required. Through this study it was found that at pH 4, ammonium sulphate concentration 40%, 

and t- butanol rand petroleum ether ratio (1:1:1 v/v). The highest efficiency of this process without enzymatic treatment is 

30%. Comparatively the efficiency of TPP on flaxseeds is lesser to that of other oil seeds when subjected to the same 
process. But compared to hydraulic and other mechanical methods it appeals to be an effective and alternate that can be 

used for production of oil. TPP is also better approach than soxhlet extraction as it involves the usage of tertiary butanol 

which has higher boiling point of 84°C as compared to hexane used in the solvent extraction which has a boiling point of 
69°C, therefore addition of volatile organic solvent to the atmosphere will get lowered. Also this technique takes only 2 

hours for extraction of oil as compared to solvent extraction which takes up to 24 hrs. 
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