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Therapeutic role of alpha-

linolenic acid (ALA) in human 

health and disease is gaining remarkable attention in food products, 

formulations and supplements. Flaxseed oil is also one among the best 

sources of ALA. In this paper, effectiveness of ultrasonic extraction of 

oil from finely ground flaxseed flour is compared to the other two 

conventional extraction methods. The yields of oils in cold pressed 

method (30.14%), ultrasonic extraction (48.05%) and Soxhlet extracted 

(43.01%) were measured. The yield of oil from finely ground flaxseed 

flour by ultrasonic extraction was higher than that of the cold pressed 

and Soxhlet extraction methods. From GC-MS analysis, significant 

degradation of constituents of oils was found (p > 0.05). Unsaturated 

fatty acids were more in oil extracted using ultrasonic method in 

comparison to cold pressed and Soxhlet extraction methods. In oils, 

ALA was significantly higher ranging between 47.99% - 55.83% than 

oleic acid (19.32 25.14%), linoleic acid (11.42 - 13.68%), and stearic 

acid (04.46 - 06.34%) was significantly higher than other saturated 

fatty acids. Among the extraction methods, ultrasonic extraction 

method was considered promising and industrially scalable in terms of 

reduced extraction time, solvent consumption, yield, stability and 

quality in comparison with other conventional extraction methods. 

 
                Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction: 
Flaxseed (Linum Usitatissimum L.) is gaining unusual importance in modern medicine and as a dietary supplement 

due to abundant source of oil (36-45 %) containing higher concentrations of alpha-linolenic acid (ALA, 18:3, an 

omega-3 / n-3fatty acid) in the range of 26 - 60%. The other prime source of functional therapeutic constituents of 

flaxseeds includes lignans and fiber. These potential ingredients have remarkable health benefits including cancer 

prevention. ALA is an essential polyunsaturated fatty acid (PUFA) needs to be supplied from plant-based dietary 

sources such as seeds, nuts and green-leafy vegetables (Swanson, D.et al.,(2012),Welch, A. et al.,(2010)). While in 

the human body, ALA undergoes sequential desaturation and elongation steps by enzymatic reactions. Through 

which body synthesizes two prominent long chain fatty acids eicosapentaenoic acid (EPA, 20:5, n-3) and 

docosahexaenoic acid (DHA, 22:6, n-3) for vital bodily activities like regulating membrane fluidity, protein and 

cellular functions, eicosanoid metabolism, gene expression and cell signaling (Kinney, A. et al., (2004), Calder, P. et 

al.,(2012)). Recent reports are highly promising with chemotherapeutic and desirable characteristics of n-3fatty 
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acids, which plays remarkable role in shrinking tumor cells in prostate and breast cancer (Alexander, 

W.(2013),MacLennan, M. et al., (2010)). Cell line studies have shown that ALA alone and whole flaxseed 

consisting of 57% ALA strongly suppressed the over expression of HER2+ in mammary carcinomas and significant 

reduction in tumour growth, MCF-7 cells in overiectomized mice in comparison with a diet containing no flaxseed 

(Goyal, A. et al.,(2014), Ayala, A. et al.,(2014), Menendez, J. et al.,(2006), Chen, J. et al.,(2007)). In contrast, n-3 

PUFA have been shown to reduce the risk of mammary carcinogenesis (Caygill, C. et al., (1996)). In conjunction 

with these effects, it was found that flaxseed consumption actually enhanced the inhibitory effects of Tamoxifen, a 

drug used in breast cancer treatment. A study on mice treated with MDA-MB-231 BC cells comparing diets of corn 

oil (1% ALA) with diets of canola oil (10% ALA) found the tumor growth rate to be significantly reduced in canola-

fed mice (Hardman, W. (2007)). Evidence of DHA being the primary effector in inhibiting tumorogenesis was 

observed in patients with localized breast cancer where the adipose tissue with high concentrations of DHA showed 

the greatest extent of tumor regression (Bougnoux, P. et al., (1999)). DHA itself has also been linked to down 

regulation of the HER-2 oncogene and to the reduction of cancer cell viability and DHA has been shown to 

synergistically enhance the cytotoxic activity in some cases by up to 13-fold (Menendez, J. et al., (2005)). 

 

Unfortunately, the oil from finely ground flaxseed flour has low oxidative stability that necessitates the focus on the 

health benefits, yield and quality.  In order to improve the yield and optimize the extraction, novel methods are 

being tried out from time and again. The present work has focused mainly on the extraction of quality oil and to 

assess the dietary individual fatty acids profile using GC-MS analysis that are highly warranted. The investigations 

will provide a basis for new approaches to improve our understanding on the role of essential fattyacids in breast 

cancer prevention and treatment. The study will allow us to attend the existing inconsistency with regard to the 

effects of specific classes of fatty acids, especially ALA-enriched, EPA-enriched and DHA-enriched diets and their 

role in controlling breast cancer using Nanocapsules / nanosome-formulations of oil / candidate fatty acid(s) to the 

targeted site. We use our nanotechnology expertise to exploit the most promising ability of n-3 PUFA in shrinking breast 

cancer tissue development in the early stages, in a cost-effective manner. 

 

Materials and Methods: 
All solvents and standards used in the experiments were purchased from Sigma. All the reagents used were of 

analytical grade. Cold pressed flaxseed oil was procured from Vishal Organix, Mumbai. 

 

Flaxseed Materials: 

Brown variety of flaxseeds being used for consumption was purchased from the local market of Davangere, 

Karnataka, India. University of Agricultural Sciences, Hebbal, Bangalore,India identified these cultivars as 

RBVF-01. Upon arrival, the flaxseedswere cleaned, moisture content was determined, finely ground using coffee 

blender (4600 rpm) and sieved through a mesh (0.25mm), packaged in plastic bags, sealed, stored at -18 
0
C and 

immediately proceeded further to obtain defatted meal and oil by different extraction methods.  

 

Extraction of oil by Ultrasonication: 

In ultrasonic extraction, Sonics VCX750 (Vibra-Cell™ Ultrasonic Processors, Newton, USA) was used for 

ultrasound treatment at different time and amplitude levels to release oil constituents.The predetermined extraction 

parameters are used as follows: extraction time, 40 min; extraction temperature, 35 °C; and solvent/sample ratio, 

15:1, at a fixed ultrasonic frequency of 40 kHz and power of 150 W. Under these conditions, the crude oil obtained 

was 48% and upon re-extraction with absolute ethanol, the pure oil was recovered (87.18 ± 0.12%) for finely ground 

flaxseed flour, which well matches with the expected value (~47%). The ultrasound probe (19 mm diameter) was 

attached to the ultrasound transducer to generate constant frequencyof 40 kHz and maximum amplitude of 58µm for 

treatment of the sample after preliminary attempts to stabilize the desired condition. Ten grams of finely ground 

flaxseed flour were weighed and placed in a glass flask. Then 150 mL of ethanolwas added to the flask. The solution 

was transferred to a 200 mL polypropylene container. For each ultrasonic treatment, the Sonics VCX750 was set to 

35 °C and theultrasonic treatment was initiated for 40 min of extraction time and repeated thrice for agreeing values.  

 

Extraction of oil by Soxhlet Method: 

Soxhlet extraction was carried out (Basavaraj, M. et al., (2000)) with slight modification. Finely ground flaxseed 

flour was (2.5 gm) packeted in Whatman No.1 filter paper and extracted using hexane as a solvent for 16 hours at  

70 
0
C. Then the solvent was recovered using under vacuum pressure at 40 

0
C using and the defatted meal fraction 

and residual oil were weighed and stored at 4
0
C.  

Extraction of oil by Cold Press: 
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The oil of finely ground flaxseed flour by Cold Press method was acquired from Vishal Organnix (Mumbai, 

Maharashtra, India), dried over anhydrous Na2SO4 and stored in a dark glass bottle and kept at 4
o
C until analysis.  

 

Physico-Chemical parameters: 

Physiochemical parameters such as moisture content, free fatty acid value (FFAV), iodine value (IV), 

saponification value (SV) and peroxide value (PV) were analysed for all the three oil samples (AOAC Official 

Methods., (1995), Dave, B. et al.,(2009)). 

 

In-vitro antioxidant activity: 

The antioxidant potential was used for the determination of anion scavenging activity of finely ground flaxseed flour 

oils using DPPH (1,1‑diphenyl‑2‑picrylhydrazyl) as reported by (Chen, H. et al.,(2016))with slight modification. 

The absorbance was measured at 520 nm. The free radical scavenging potential of finely ground flaxseed flour oils 

to scavenge the DPPH radical was calculated with the following equation:  

 

Inhibition (%) = [(A0 - AI) / A0] X 100 

 

Here, A0 is the absorbance of the blank; AI is the absorbance of the sample. 

The DPPH free radical scavenging potential of finely ground flaxseed flour oils were compared with appropriate 

positive controls, BHT and alpha-tocopherol.  

 

GCMS analysis of oils: 

An aliquot of oil samples were diluted in dichloromethane (1: 200) for GC analysis, separately. A 2 µL volume of 

each sample was injected in to Agilent 7890A series, GC‑MS System (Agilent, USA) was used for the analysis 

attached with CTC‑PAL autosampler (CTC Analytics AG, Switzerland). The nonpolar fused silica HP5MS™ (5% 

phenyl polymethylsiloxane) capillary Column (30 m×0.25 mm i.d. and 0.25 µ m film thickness) and mass detector 

was used. GC–MS spectra for finely ground flaxseed flour oils were obtained using the following conditions: the 

carrier gas used He was with electron ionisation energy 70 eV, ion-source temperature 200
0
C and the interface temperature 

280
0
C; the splitless mode at 250 

0
C inlet temperature, 0.1 ml injection volume with helium gas at 1 ml/min.; data 

acquisition was performed with MassLab software for the mass ranges 30 - 600 amu with a scan speed of 1 scan/s 

were used. The oven temperature was programmed as 70
0
C (3 min hold) rose at 4

0
C /min to 202 

0
C (20 min hold) 

for analysis (Rishika, C.et al.,(2015)). 

 

Statistical analysis: 

All analyses were carried out in triplicate. Statistical analysis was performed using the Proc ANOVA in SAS 

(software version 8). Results are presented as the means ± SD from three triplicates of each sample. Statistical 

significance was evaluated at p<0.05 level. 

 

Results and Discussion: 
Effect of extraction methods: 

Three different extraction systems were compared to determine the oil extractability of the commercial cold pressed 

method and conventional Soxhlet extraction method with the most recent ultrasonic extraction method in terms of % 

yields, quality, stability, antioxidant capacity and source of essential fatty acids. The yield in cold pressed, ultrasonic 

extraction and Soxhlet methods was 30.14%, 48.05% and 43.01%, respectively. The stability of the fatty acid 

mainly depends upon the physicochemical properties determined according to standard AOAC methods, as listed in 

Table 1.  

 

Table 1:- Physicochemical characteristics of finely ground flaxseed flour oils extracted by cold pressed extraction, 

ultrasonicextraction and Soxhlet extraction methods 

Parameters Cold pressed extraction Ultrasonic extraction Soxhlet extraction 

Iodine value (g I2/100g oil)            176               161             147 

Saponification value (mg 

KOH/g oil) 

           190               190             219 

Free Fatty Acid value (mg 

KOH/g oil) 

           0.80               1.26             1.41 

Peroxide value (m.Eq of            0.95               1.92             1.83 
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O2 /kg oil) 

 

The decreased number of iodine value, increased number of saponification value, free fatty acid value and the 

peroxide value indicates the variation in the oil quality which is falling towards unacceptable level for the food, 

cosmetic and fodder use industries due to different oil extraction methods.   

 

The in-vitro determination of antioxidant potential of finely ground flaxseed flour oils samples extracted through 3 

different methods are shown in Fig. 1. The free radical scavenging potential of finely ground flaxseed flour oils to 

scavenge the DPPH radical was calculated in terms of percent inhibition. The DPPH activity is indicated as IC50 

values ranging from day 0 to 90 days period. On day 0 it was indicated 30.14, 36.81, 30.53 for cold pressed 

extraction, ultrasonicextraction, Soxhlet extraction as shown in Figure 1. The same was extended up to 90 days 

indicated as 32.70, 39.90, and 31.84. The oils exhibited 44.62%. DPPH free radical scavenging potential at 500 µg/ 

mL, and the reference compounds BHT and α-tocopherol exhibited 30 and 64.15% inhibition at 50 µg/mL levels, 

respectively (Fig. 1). 

 

Fig. 1:- DPPH activity of flaxseed oil extracted by cold press, ultrasonic extraction and Soxhlet extraction methods 

 

GC-MS analysis: 

The fatty acids profile of finely ground flaxseed flour oils extracted by cold pressed extraction, ultrasonic extraction 

and Soxhlet extraction methods is presented in Table 2 and the typical  gas chromatogram in the GC-MS analysis 

of the oils is shown in Fig. 2a-d.  

 

Table 2:- Fatty acids profile of flaxseed oils extracted by cold pressed extraction, ultrasonic extraction and Soxhlet 

extraction methods 

Fatty acids Soxhlet extraction 

(%) 

Ultrasonicextraction 

(%) 

Cold pressed 

extraction (%) 

Major Omega 3 fatty acids  

1. Stearic acid (C18:0) 04.46 04.67 06.34 

2. linolenic acid (C18:3) 51.46 55.83 47.99 

3. Cis 8,11,14 Eicosanoic acid(C18:3) 00.07 00.06 00.19 

4. cis 11,14,17eicosanoic acid (C18:3) 00.02 00.04 00.03 

5. Eicosapentaenoic acid (C18:3) 00.00 00.00 00.05 

6. Docosahexaenoic acid (C18:3) 00.00 00.00 00.00 

Total 56.01 60.06 54.60 

Major Omega 6 fatty acids 

1. Linoleadic acid (C18:2) 00.00 00.04 00.05 

2. Linoleic acid (C18:2) 11.42 13.68 11.78 



ISSN: 2320-5407                                                                                  Int. J. Adv. Res. 6(1), 1077-1084 

1081 

 

3. Gamma linolenic acid (C18:2) 00.29 00.19 00.39 

4. Methyl cis 5,8,11,14 Eicosatetranoic 

acid (C18:2) 

00.07 00.00 00.05 

5. cis 13,16, Docosadienoic acid (C18:2) 00.12 00.08 00.12 

6. cis8,11,14, Eicosatrienioc acid (C18:2) 00.06 00.07 00.04 

Total 11.96 14.06 12.43 

Major Omega 9 fatty acids  

1. Elaidic acid (C18:1) 00.11 00.02 00.04 

2. oleic acid (C18:1) 23.10 19.32 25.14 

3. Arachidic acid (C18:1) 00.25 00.17 00.25 

4. cis 11,eicosanoic acid (C18:1) 00.02 00.00 00.22 

5. cis11,14eicosapentanoic acid (C18:1) 00.00 00.00 00.00 

6. Erucic acid (C18:1) 00.12 00.00 00.06 

7. Tricosanoic acid (C18:1) 00.11 00.00 00.00 

8. Nervonic acid (C18:1) 00.03 00.00 00.05 

9. 5,8,11,eicosatrienoic acid (C18:1) 00.00 00.00 00.00 

Total 23.74 19.51 25.76 

 

Fig. 2: GC-MS analysis of finely ground flaxseed flour oils extracted by cold pressed extraction, ultrasonic 

extraction and Soxhlet extraction methods; Fig. 2a: Fatty acids standard; Fig. 2b: Fatty acids of Cold Pressed oil; 

Fig. 2c: Fatty acids of Ultrasonic Extracted oil; and Fig. 2d: Fatty acids of Soxhlet Extracted oil. 

 

                                                               Fig. 2a: Fatty acid standards 

 

 
 

 

 

 

 

 

 

Fig. 2b: Fatty acids of Cold Pressed oil 
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                                                             Fig. 2c: Fatty acids of Ultrasonic Extracted oil 

 
 

 

 

 

 

 

  

                                                                   Fig. 2d: Fatty acids of Soxhlet Extracted oil 
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From analysis, it was observed that finely ground flaxseed flour oils were composed of some major omega-3 

fatty acids, significant amount of linolenic acid along with stearic acid in cold pressed extraction (47.99% and 

06.34%), ultrasonic extraction (55.83% and 04.67%) and Soxhlet extraction (51.46% and 04.46%) oils, 

respectively. The oils were found to contain linoleic acid, a leading omega-6 fatty acid in appreciable amount in 

cold pressed extraction (11.78%), ultrasonic extraction (13.68%) and Soxhlet extraction (11.42%). Of omega-9 

fatty acids, oleic acid was the highest among other fatty acids in the oils obtained from cold pressed extraction 

(25.14%), ultrasonic extraction (19.32%) and Soxhlet extraction (23.10%) methods. The oils contained linolenic 

acid as a predominant unsaturated fatty acid followed by oleic acid and linoleic acid as observed. 

 

Conclusions:- 
In this investigation, we revealed significant differences in % yield, quality, stability, antioxidant capacity and fatty 

acid composition of flaxseed oils obtained by three different extraction methods. We found that ultrasonic extraction 

method can perform more reliable qualitative and quantitative extraction of oils from the ground flaxseed flour 

samples in comparison with cold pressed and Soxhlet extraction methods. The results indicated that the ultrasonic 

waves in the set conditions did not adversely affect the fatty acids composition in finely ground flaxseed flour oils. 

The GC-MS was found to be the most suitable technique for the characterization of fatty acids profile of flaxseed 

oils. However, GC-MS system for the analysis of flaxseed oil samples predominantly composed of ALA. Presence 

of other two fatty acids oleic acid and linoleic acid along with minor components should not be ignored as they 

contribute to the overall qualities of the flaxseedoils in maintaining n3-to-n6 ratio. In conclusion, the ultrasonic 

extraction was found to be the best method to extract oil with better yield and quality from flax seed. 
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