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Abstract 

Flaxseed or linseed (Linum usitatissimum) belonging to family lineaceae is an ancient crop 

and has been grown for its fiber (linen) and oil seeds since 9000 to 8000 B.C. Flaxseed is 

cultivated in almost fifty countries of the world including Pakistan. Flaxseed is a rich source 

of alpha linolenic acid, very efficient antioxidant system and dietary fiber. These 

characteristics and the health benefits associated with these characteristics of flaxseed have 

made it a great attraction for the researchers in the field of functional foods and 

neutraceuticals. Keeping in view the immense importance of flaxseed as neutraceutical and 

functional food, the present study was planned to assess the nutritional composition, oil 

characteristics and antioxidant potential of different flaxseeds cultivars grown in Pakistan. 

Moreover qualitative and quantitative analysis of the flaxseed phenolics was done by HPLC 

and LC-MS.  The proximate analysis of flaxseed that the oil, moisture, crude protein, fiber 

and ash contents in the seeds of different cultivars of flaxseed were observed to range from 

33.25 to 38.38%, 5.98 to 6.22%, 16.02 to 18.50%, 23.30 to 26.80% and 3.21 to 3.60% 

respectively. Gamma tocopherol was observed to be the major tocopherol present in the oil 

with minor contents of alpha tocopherol. The unsaturated fatty acids in the oils extracted 

from different cultivars were observed to be in the range of 88.79 to 89.78%, with alpha 

linolenic acid with the highest contents and ranged from 44.51 to 54.87%. From the data for 

the physicochemical characteristics of the oils it was observed the oils were up to the mark in 

quality as compared to the international standards.  80% aqueous ethanol and methanol were 

the most effective solvents for recovering antioxidant components from flaxseed while the 

pure ethanol and acetone had shown the least efficacy towards isolation of flaxseed 

antioxidants as established by the antioxidant activity analysis by different methods. 

Furthermore, the sonication assisted shaking proved to be superior in extraction of 

antioxidant components.  HPLC and LC-MS analysis established that SECO 

(secoisolariciricinol) was the major phenolic (lignan) and dominated all the other phenolic 

compounds. SDG, ferulic acid, coumaric acid, chlorogenic acid and gallic acids were the 

other phenolic compounds detected in the flaxseed. The data presented would certainly help 

to ascertain the potency of the flaxseeds grown in Pakistan, as viable source of natural 

antioxidants and alpha linolenic acid, thus suggest their uses for nutraceutical and functional 

food applications. 
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Chapter 1 
 

                                                                             INTRODUCTION 

Lipid peroxidation in fats and fatty foods not only deteriorate their quality and results in 

chemical spoilage,  it also produces free radicals and reactive oxygen species (ROS), which 

are associated with carcinogenesis, mutagenesis, inflammation, aging and cardiovascular 

diseases (Sikwese and Doudo, 2007; Wang et al,. 2002). Synthetic antioxidants such as 

butylated hydroxyanisole (BHA), butylated hydroxytolouene (BHT) and tertiary butyle 

hydroquinone (TBHQ) have been widely used for preventing oxidation and enhancing shelf 

life of foods. However, the use of synthetic antioxidants in foods is discouraged due to their 

perceived carcinogenic potential (Jeong et al., 2004; Liu and Yao, 2007).  

Currently, the use of some natural antioxidants, particularly, the phenolic substances 

including flavonoids and phenolic acids in foods, as well as preventive and therapeutic 

medicine, is gaining much recognition because of their anti-carcinogenic potential and other 

health promoting effects (Siddhuraju and Becker, 2007; Fan et al., 2007; Iqbal et al., 2005; 

Liu and Yao, 2007). Recent epidemiological studies have indicated that consumption of diet 

rich in fruits and vegetables and those of selected natural antioxidants such as plant 

polyphenols, vitamin C and flavonoids are correlated with reduced incidence of 

cardiovascular, chronic diseases and certain cancers (Aaby et al., 2004; Choi et al., 2007; 

Siddhuraju and Becker, 2003).  Several of such natural antioxidants are believed to play a 

potential role to interfere with oxidation process by reacting with free radicals, chelating 

catalytic metals and scavenging oxygen in foods and biological systems (Kim, 2005). The 

antioxidant activity of different groups of natural antioxidants has been studied in vitro and in 

vivo, depends on the chemical structure and the degree of hydroxylation of the compounds 

(Richelle et al., 2001; Shahidi, 1997). 

Plants are the richest source of natural antioxidants (Pezzuto and Park, 2002; Rababah 

et al., 2004; Shahidi, 1997; Wang et al., 2003). Leafy green vegetables and beans contain 

phytochemicals which are chemo preventive. Most of them contain antioxidant substances 

e.g. indoles, carotenoids, vitamin C and phenolics (Wang, 2001). Many spices and herbs are 
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added to food not only for flavor but also for the suppression of rancidity and auto oxidation 

of fats. Herbal species e.g. ginger rhizome, clove, thyme, sage; common basil, sharp flavor 

vegetables and some agricultural wastes and by-products are also promising sources of 

natural antioxidants, being rich in thymol, polyphenolics, coumarines and flavonoids (Wang, 

2001; Wyen et al., 2000). 

Cereals and legumes are also considered as a good source of phenolic antioxidants 

(Choi et al., 2007; Shahidi, 1997). Some fruits like raspberries, strawberries, mulberries, 

apple, pear and citrus are also potential source of natural antioxidants (Chaovanalikit and 

Wrolstad, 2004; Elizbeth et al., 2007). Vegetable oil seeds and their by-products (oilseed 

meals residue) also contain antioxidants other than tocopherols and as such might provide 

protection to other oils and food lipids. These include virgin olive, seasame seeds, palm, 

cocoa lipids, rice bran, grape seeds, oat, cotton seeds, flaxseeds, mustard and rapeseeds, 

common beans and soybeans etc. (Devi et al., 2007; Elizbeth, et al., 2007; Iqbal, et al., 2005; 

Shahidi, 1997).  

1.1 Flaxseed 

Flax (Linum usitatissimum L.) is a multi-purpose and economically important oilseed crop 

(Wang et al., 2008). Its seeds contains about 36 to 40 % of oil, have long been used in human 

and animal diets in industry as a source of oil and as the basic component or additive of 

various paints or polymers, production of paints, linoleum, varnishes, inks and cosmetics (El-

Beltagi et al., 2007; Zhang et al 2008; Jhala and Hall, 2010). During the last decade of 20
th

 

century, there has been an increasing interest in the use of flaxseed oil in the diet in order to 

improve the nutritional and health status (Oomah, 2001). Flaxseed is regaining its recognition 

from its traditional usage as a raw material in oil production because of its nutritional and 

potential health benefits including reduction of serum cholesterol levels, diabetes prevention, 

and decreased incidence of breast, prostate and colon cancers (Choo et al., 2007; Hemmings 

et al., 2004; Hosseinian et al., 2006; Muir and Westcott, 2003; Toure and Xueming, 2010). 
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Fig. 1.1 Flaxseed crop and seeds 

1.2 Flaxseed oil 

Flaxseed is a rich source of oil, protein and dietary fiber (Toure and Xueming, 2010). Flax oil 

is a rich source of the unsaturated fatty acids and vitamins (tocopherols etc.). The important 

unsaturated fatty acids are: oleic (C18:1), linoleic (C18:2), and linolenic acid (C18:3) 

(Flachowsky et al., 1997). Among all these, linolenic acid i.e. ω-3 is in the high amounts (50-

60%). The growing conditions such as nature of soil and agro-climatic conditions and 

cultivar influence the unsaturated fatty acid composition in flaxseed (Daun et al., 2003). By 

virtue of the presence of these physiologically active food components that provide health 

benefits beyond basic nutrition, flaxseed is often grouped into one of several categories: 

‘‘functional food’’, ‘‘bioactive food’’ and an ‘‘endocrine active food’’ (Hasler et al., 2000). 

There are many reports available which describe that oil content, fatty acid 

composition and other physicochemical properties are different for the flaxseed crops grown 

in different parts of world (Hall et al., 2006; Hettiarachchy et al., 1990; Kozlowska, 1989; 

Taylor and Morrice, 1991; Wakjira et al., 2004). Historically, Flaxseed has been grown in the 

subcontinent; however, in Pakistan its applications are limited in industries. The present 

study was focused on the analysis of proximate composition of flaxseed, physicochemical 

characteristics (such as refractive index, density, iodine value, acid value, peroxide value, 

para-anisidine value etc.) and the composition of flaxseed oil (tocopherol contents and fatty 

acid composition by using High performance liquid chromatography and Gas 
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Chromatography Mass Spectrometry) extracted from different flax cultivars (Linum 

usitatissimum L.) indigenous to Pakistan in order to assess their nutritional value. 

1.3 Antioxidants in flaxseed 

In almost every culture, medicinal plants have been used for centuries to cure various 

diseases in the form of folk medicines. Now a days, the use of herbal remedies is again 

getting great attention. According to a survey conducted in member states of European 

Union, almost 1400 herbal formulations are being used widely for the treatment of many 

inflammatory and degenerative illnesses (Aggarwal et al., 2011). Use of traditional medicinal 

plants as alternate medicine is associated with their local availability, cost, simple medicinal 

preparations and easy to use (Surveswaran et al., 2007). The mechanism of action of the 

herbal formulations is not yet clear, however, the benefits associated with these plants are 

due to the active chemical components i.e. phytochemicals present in them (Alasalvar et al., 

2006). 

Phytochemicals comprise of wide variety of compounds such as phenolics, 

flavonoids, alkaloids, tannins, lignans and carotenoids etc. The plant derived products 

containing these compounds possess antioxidant, antiradical, antimicrobial activities, 

anticarcinogenic and antimutagenic effects (Shahidi and Naczk, 2004; Chirinos et al., 2007). 

Most of the medicinal effects of the plant extracts are related to the antioxidant activities. 

Natural antioxidants have the great potential of preventing oxidation processes by reacting 

with free radicals, chelating catalytic metals and scavenging oxygen in biological systems to 

reduce the risks of heart diseases, neurodegenerative diseases, cancer and in the aging 

process (Astley, 2003). Apart from their role of health benefits, antioxidants are added in 

foods to prevent or delay oxidation of foods initiated by free radicals formed during their 

exposure to different environmental factors such as air, light and temperature (Shahidi and 

Wanasundara, 1992; Sanchez-Moreno, 1999; Kim, 2005). 

Among all biological systems, lipids/fats are highly susceptible to oxidation, 

therefore, oilseeds are rich source of antioxidants other than tocopherols and they might 

protect other oils and food products from oxidation. Sesame seeds, palm, cocoa, rice bran, 
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grape seeds, oat, cottonseed, flaxseeds, mustard, rapeseeds, and soybean seeds are also the 

rich sources of antioxidants (Devi et al, 2007; Elizabeth et al, 2007). 

Flax (Linum usitatissimum), a member of the Linaceae family, is an economically 

important oilseed crop containing about 40% oil with unique properties. Flaxseed is now 

regaining its recognition from its traditional usage for paint and linoleum to nutrient and food 

ingredient for human diet (Oomah, 2001; Lei et al., 2003).  Flaxseed consumption has been 

demonstrated to have health benefits including decreased tumor growth, reducing serum 

cholesterol levels and helping with breast, prostrate, and colon cancers (Morris, 2003; 

Hemmings et al., 2004; Hussainian  et al., 2006).The health benefits of flaxseed are mainly 

attributed to some of its biologically active components such as: exceptionally high content 

of α-linolenic acid in oil; lignans, protein, phenolic acids, flavonoids and related compounds 

(Tarpila et al., 2005; Hussainian et al., 2006; Toure and  Xueming, 2010). 

Extraction of antioxidant compounds from plant materials can be carried out using 

different techniques and solvents because there is an irregular distribution of the compounds 

in plant matrix.
 
Solvent extraction is the most frequently used technique for isolation of plant 

antioxidant, however, the yields and antioxidant efficiency of the resulting extracts is 

affected by the polarity of extracting solvent and solubility of isolated compounds (Ford et 

al., 2001; Charlet et al., 2002; Degenhardt et al., 2002; Sicilia et al., 2003) Polar solvents 

such as methanol and ethanol are often used for extraction of phenolic antioxidants from a 

plant matrix (Chatha et al., 2006).  

In view of the potential neutraceutical attributes of flaxseed, there is much focus on 

screening and investigating its phytochemicals and antioxidant components.  The main 

objective of the present study was assessment how pure methanol, ethanol and acetone and 

their 80% solution in water affect isolation of components with antioxidant properties from 

different flaxseeds cultivars grown in Pakistan. 
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The study was planned with the following aims and objectives 

 Investigation of lipids from flaxseeds and their physicochemical attributes  

 Development and optimization of analytical protocols for extraction/ isolation of 

potent flaxseed antioxidants  

 Evaluation of antioxidant activity of flaxseed extracts using different in vitro assays 

 Characterization of phenolic acids, flavonoids and lignan based antioxidant 

compounds of flaxseeds 

 Comparison of antioxidant and lipidic components within different cultivars of 

flaxseeds  
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Chapter 2 

                                                            REVIEW OF LITERATURE 

2.1 Flaxseed general description 

Flaxseed or linseed (Linum usitatissimum) is an important member of family lineaceae. 

Flaxseed is an ancient crop and has been grown for its fiber (linen) and oil seeds since 9000 

to 8000 B.C. (Berglund, 2002; Diederichsen and Richards, 2003; Hall et al., 2006; 

Madhusudhan, 2009). In European countries the term linseed is preferred while in the North 

America the term flaxseed is used for the flax used for human consumption as food (Vaisey- 

Genser and Morris, 2003).  Sometimes the term flaxseed is preferred, when utilized for 

human consumption while the term linseed is used for the flax when utilized for industrial 

applications (Flax Council of Canada, 1998). 

 Flaxseed is cultivated in almost fifty countries including Subcontinent, China, 

America and Canada (Berglund, 2002; Rubilar et al., 2010). Historically, flaxseed has been 

used as an ingredient in food products, but for the last few centuries its use was limited to 

oleo chemical industries including, paints, varnishes, inks, linoleum and paints etc. due to its 

highly unsaturated oil (El-Beltagi et al., 2007; Przybylski, 2005; Singh et al., 2011). 

However, in the last decades flaxseed has renowned its importance as food source due to 

potential health benefits associated with it. The potential benefits of flaxseed arise due to the 

oil rich in α linolenic acid (ω-3 essential fatty acid), non starch polysaccharides and lignans 

i.e. secoisolariciresinol diglucose (Kitts et al., 1999; Morris, 2003; Toure and Xueming, 

2010).  

Flaxseed is oval and flat in shape with a pointed tip. Its color ranges from yellow to 

dark brown (Freeman, 1995). The seed contains 30 to 45% oil that is rich in α linolenic acid 

(50 to 60% of the fatty acids in oil), and the meal is composed of protein (20 to 35%), fiber 

(5%) and ash (4%) (Hussenian et al., 2006; Muir and Westcott, 2003; Toure and Xueming, 
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2010). Moreover, the flaxseed is rich source of plant lignans and other phenolic compounds 

(Ahmed et al., 2005).   

2.2 Flaxseed Components 

2.2.1 Flaxseed oil 

2.2.1.1 Oil contents 

Flaxseed is basically an oil seed, and contains about 30 to 45% oil depending on the 

cultivars, location and the conditions for cultivation. Oomah and Mazza (1998) reported an 

average oil content of 36% in Canadian cultivars. In the North American cultivars of flaxseed 

the oil contents have been reported to be 31.9 to 37.8%, while in the Egyptian cultivars the 

oil contents of flaxseed ranged from 36 to 39% (El-Beltagi et al., 2007; Hettiarachchy et al., 

1990). Wakjira et al. (2004) reported oil contents between 29.1% and 35.9% among flaxseed 

cultivars grown in Ethiopia. For Polish and German flaxseed cultivars the oil contents have 

been reported to be 41.4% and 45.2%, respectively (Kozlowska, 1989; Mueller et al., 2010).  

2.2.1.2 Fatty acids composition 

Flaxseed oil is rich in polyunsaturated fatty acids while very low in saturated fatty acids. 

Among all the oilseeds, flaxseed has a unique place owing to the extraordinarily high 

contents of α linolenic acid (C 18:3, essential fatty acid 50-60%) and lignans. Owing to these 

extraordinarily high contents flaxseed is the major plant source of ω-3 fatty acid. Linoleic 

acid (ω-6) comprises 15 to 25% of the total fatty acids in the flaxseed oil. While the oleic 

acid (ω-9) ranges from 15 to 20%. The distribution of fatty acids in flax seed depends on the 

genetic makeup and growing conditions (Daun et al., 2003).  

Declercq et al. (1992) reported that for the American cultivars of flaxseed the α-

linolenic acid contents ranged from 45 to 52%. Hettiarachy et al. (1990) observed alpha 

linolenic acid contents to be 48% in Canadian flaxseed cultivars. Bozan and Tamelli (2002) 

reported ALA levels to be 56.5 to 61% for flaxseed from Turkish origin. For Ethiopian 

flaxseed cultivars the ALA contents were found to be 52% (Wakjira et al., 2004). For the 

Egyptian varieties the alpha linolenic acid contents were reported to range from 46 to 50%, 
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respectively (El-Beltagi et al., 2007). Choo et al. (2007) reported alpha linolenic acid 

contents for the flaxseed cultivars grown in New Zealand to be 59.65%.  In another report 

about cold pressed flaxseed oil of New Zealand origin, alpha linolenic acid has been 

observed to be 58.75% (Teh and Birch, 2013).  Lukaszwewicz et al. (2004) reported the 

ALA contents in organic flaxseed to be 50 to 52% in contrast to the genetically modified 

Linola variety in which the ALA contents were observed to be only 3 to 4%. However, in the 

later case the linoleic acid is reported to be 75%.  

2.2.1.3 Tocopherol contents 

Tocopherols are well recognized as vitamin E, and due to the lipophilic properties, are 

distributed among the oils (Panfili et al., 2008). Tocopherols have different isomeric forms 

(α, β, γ and δ), that exhibit strong antioxidant activity by scavenging the free radicals 

(Nesaretnam et al., 1998). The level of tocopherols in the oilseeds is directly related to the 

un-saturation in oil (Eskin et al., 1996). Moreover, the distribution of tocopherols is governed 

by genetic makeup, maturity level and growing conditions (Kamel-Eldin and Appelqvist, 

1994).  

  As flaxseed oil is rich in the polyunsaturated fatty acids, it is rich in tocopherols. 

Gamma tocopherol is reported to be the predominant tocopherol in flaxseed oil with a 

contribution of more than 80% of total tocopherols (Przybylski, 2005, Herchi et al., 2011).  

The 2
nd

 tocopherol detected in flaxseed is Alpha tocopherol, in most of the reports delta 

tocopherol is not detected in the flaxseed oil. The average γ tocopherol contents in the oils 

extracted from the flaxseed varieties of American, Turkish, New Zealand and Canadian 

origin had been reported to be 127, 93, 140 and 146 (mg/kg of oil),  respectively (Budin et 

al., 1995; Bozan and Temelli, 2008; Choo et al., 2007; Oomah et al., 1997). The gamma 

tocopherol contents were reported for the flaxseed oil of Egyptian cultivars to be 210 mg/kg 

of oil (El-Beltagi et al., 2007). Teh and Birch (2013) reported the contents of γ tocopherol to 

be 370 mg/kg of oil in cold pressed flaxseed oil from cultivars of New Zealand. Gamma 

tocopherol was reported to be greater in high ALA varieties (430-575 mg/kg of oil) as 

compared to the genetically modified varieties with low levels of ALA i.e. 170 mg/kg of oil 

(Oomah and Mazza, 1997). 
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 The contents of alpha tocopherol in flaxseed oil have been reported to vary widely. 

Bozan and Temelli (2008) reported the alpha tocopherol ranging from less than 10 to 121 

mg/kg of Flaxseed oil of Turkish origin. While in another report the contents of alpha 

tocopherol ranged from 0 to 91 mg/kg of oil (Schwartz et al., 2008).  Mazza (2008) reported 

tototal tocopherols in flaxseed to be 12.74mg/100 seeds. The quantities of alpha, beta, 

gamma and delta tocopherols were 0.88, 2.42, 9.2 and 0.24 mg/100g of seeds. 

2.2.1.4 Physicochemical properties of Flaxseed oil 

Some important physico-chemical characteristics of flaxseed oil as reported in literature are 

summarized in Table 2.1. The specific gravity of flaxseed oil is higher than other vegetable 

oils. This high value of specific gravity is due to the presence of linolenic acid. The density 

of fatty acid is in increasing order is given as oleic acid (0.895) < linoleic acid (0.9038) < 

linolenic acid (0.914) (Eskin et al., 1996).  

 Iodine value and saponification/acid value are characteristic for a high contribution of 

polyunsaturated fatty acids in the flax oil. The iodine value and acid value for flaxseed oil 

has been reported to range between 180 to 203 g of I2/100 g of oil and 85 to 197 mg of KOH/g 

of oil respectively. These values clearly illustrate the high unsaturation present in faxseed oil 

(Choo et al., 2007; Przybylski, 2005). 

Waxes, sterols and hydrocarbons in oils are generally determined as unsaponifiable 

matter (Stauffer, 1996). The unsaponifiable matter of flaxseed oil has been reported to be in 

the range of 0.1 to 1.7 for crude oil while up to 0.6 for the refined flaxseed oil (Choo et al., 

2007). 

Lipid oxidation is the main process leading to the deterioration of edible oils, e.g. 

during production, transportation and mainly storage (Hrncirik and Fritsche, 2005). The 

oxidation of oils and particularly polyunsaturated vegetable oil such as flaxseed oil may be 

accelerated by exposure to light. Moreover, water contributes to the hydrolysis of oil during 

various handling and processing steps, which generates free fatty acids and glycerol products 

(Yaqoob et al., 2010). The oxidation and hydrolysis result in the generation of free fatty 

acids, peroxide and hydroperoxides and at higher stages aldehydes and ketones (Choo et al., 
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2007; Yaqoob et al., 2010). The free fatty acid value for flaxseed oil ranges from 0.1 to 2.0 

for crude and <0.02 for the refined oil (Eskin et al., 1996; Green and Dribnenki, 1994). 

The peroxide value (PV) exhibits the measurement of oxidation at initial stage which 

results in the formation of peroxide and hydroperoxides (Frankel, 2005). Peroxide value 

depends on fatty acid profile and oxidation conditions. The peroxide value of flaxseed oil is 

reported to range from 1.0 to 3.0 meq/Kg of oil (Eskin et al., 1996; Teh and Birch, 2013). 

Para-anisidine value depicts the secondary oxidation in the oil which results in the 

formation of ketones and aldehydes responsible for rancid odor and flavor (Yaqoob et al., 

2010). Peroxide and para-anisidine value in combined represents the total oxidation. Para-

anisidine value for flaxseed oil has been reported to range from 0.5 to 0.6 (Choo et al., 2007). 

Table 2.1 Physico-Chemical properties of flaxseed oil (Eskin et al., 1996; Green and 

Dribnenki, 1994; Teh and Birch, 2013) 

Parameters 

Flaxseed oil 

Crude oil 
Refined (Bleached 

and deodorized) oil 

Relative Density 20 ºC/water 4 ºC 0.925 - 0.935 0.920 

Refractive Index (25ºC) 1.475-1.475 1.4665 

Iodine Value (g of I/100 g of oil) 180 – 203 144 

Unsaponifiable matter (%) 0.1 – 1.7 0.6 

Saponification value (mg of KOH/g of oil) 187 – 195 185 

Free fatty acid (% of oleic acid) 0.1 – 2.0 <0.02 

Peroxide Value (meq/kg of oil) 1.0 – 3.0 - 

Para anisidine value 0.5 – 0.6 - 
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2.2.2 Protein 

Flaxseed is a rich source of high value protein. In general the protein contents increase with a 

decrease in oil contents. The protein contents in flaxseed vary widely due the variation in 

genetic makeup of different cultivars and growing conditions. The reports show that the 

protein contents in flaxseed ranges between 10 to 30% (Oomah and Mazza, 1993). 

The protein contents in Polish cultivars of flaxseed were reported to be above 24% 

(Kozlowska, 1989). North American cultivars of flaxseed have been reported to contain 

protein in the range of 26 to 31.5% (Hettiarachchy et al., 1990). Mueller et al. (2010) 

reported the protein contents in the German cultivars to be 23.3 and 23.4, respectively. 

However, for Canadian cultivars the protein contents were observed to be well below 20% 

Oomah and Mazza, 1998). Khategaon cultivar grown in India has been reported to have a 

protein content of 21.9% (Madhusudhan and Singh, 1983).    

The proteins in the flaxseed are not distributed homogeneously; the hull contains less 

protein as compared to the other parts of seed.  Therefore dehulling increases the levels of 

protein. Flaxseed meal from dehulled flaxseed has been reported to have the protein contents 

up to 50% (Krause et al., 2002). 

2.2.3 Flaxseed fiber  

Flaxseed is a rich source of soluble and insoluble fiber (Shahidi and Naczk, 2004). Crude 

fiber content in different flaxseed residues has been reported to be in the range of 7-10% 

(Gutierrez et al. 2010, Korsrud et al., 1978). The proportion of soluble to insoluble fiber in 

flaxseed varies between 20:80 and 40:60 (Morris, 2003; Mazza and Oomah, 1995). The 

major insoluble fiber fraction consists of cellulose and lignin, and the soluble fiber fractions 

are the mucilage gums (Mazza and Biliaderis, 1989; Vaisey-Genser and Morris, 2003). The 

mucilage accounts for about 8% of the flaxseed weight. The acid hydrolysis products of these 

polysaccharides are L-galactose, D-xylose, L-arabinose, L-rhamnose, D-galacturonic acid, 

and perhaps traces of D-glucose. The mucilage can be extracted by water and has good foam-

stability properties (Mazza and Biliaderis, 1989). Mucilage gums are polysaccharides that 
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become viscous when mixed with water or other fluids and have an important role in 

laxatives. 

2.2.4 Polyphenols 

In plants, the phenolic compounds are extensively distributed. Phenolic compounds generally 

exist as the hydroxylated derivatives of cinnamic and benzoic acids, xanthones, stilbenes, 

lignans ad flavonoids (Hall et al., 2006; Ribereau-Gayon, 1972). In addition to their role as 

antioxidants, phenolics are responsible for the taste and color of the foods from plant origin 

(Yanez et al., 2004).  Flaxseed is a rich source of polyphenols in the form of phenolic acids 

and lignans (Kasote, 2013). The structures of some phenolic compounds present in the 

flaxseeds are given in the Fig. 2.1. 

2.2.4.1 Phenolic acids  

Oomah et al. (1995) studied the phenolic acids in eight flaxseed cultivars of Canadian origin. 

They reported that total phenolic acids present in theses flaxseed ranged from 8 to 10g /kg of 

flaxseed. Half of which were observed to be ester bound. The variation of phenolic acids in 

the flaxseed was found to be dependent on cultivars as well as the seasonal effects.  

Generally the free phenolic acids comprised of vanillic, o-coumaric and sinapic acid while 

ferulic, p-coumaric and p-hydroxybenzoic exist in esterified form (Babrowski and Soulski, 

1984; Kasote, 2013).  

 Dabrowski and Soslki (1984) reported that phenolic compounds present in the 

defatted flour were 811mg/100g. Total phenolics present in the flaxeed and gum were 

observed to be in the range of 328 to 1422 mg/100g depending upon the method of gum 

preparation from the seeds containing 473 to 509 mg/100g of flaxseed (Velioglu et al., 

1998). 

 The extracts prepared from defatted and non defatted flaxseed were observed to have 

phenolic compounds 13200 and 5420 mg/100g of extract (Hall and Shultz, 2001). SDG, 

vanillic acid, gallic acid, caffeic acid, sinapic acid, gallic acid, chlorogenic and p-

hydroxybenzoic acid were the main phenoics detect in the study (Hall and Shultz, 2001). 
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Beejmohun et al. (2007) repoted ferulic and p-coumaric glucoside to be the most abundant 

phenolic acids present in the flaxseed. Ferulic (10.9 mg/g), chlorogenic (7.5mg/g), gallic 

(2.8mg/g) and small amounts of para hydroxyl benzoic acids were detected in the defatted 

flaxseed (Mazza, 2008).  

Gutierrez et al. (2010) reported total phenolics in the flaxseed cultivars grown in 

Chile to be 72.75 mg/100g. El-Beltagi et al. (2007) reported total phenolics in the Egyptian 

cultivars to be in the range of 162 to 362 mg GAE/100g of flaxseed. Anwar and Przybylski 

(2012) reported total phenolics in the Canadian cultivars to be in the range between 1360 to 

3260 mg/100g of dry weight. 

2.2.4.2 Flavonoids 

Flavonoids are a group of plant phenols, accounting for over half of the 8000 naturally 

occurring phenolic compounds (Shahidi 1997; Harborne et al., 1999). Flavonoids are a type 

of polyphenols consisting of two aromatic rings linked together by a three carbon aliphatic 

chain. Among all the classes of flavonoids, flavones and flavonols are most widely occurring 

in all plant tissues of every plant particularly in leaves and petals of at least 80 % of higher 

plants and also in fruits however, flavonols occur more frequently than flavones (Harborne et 

al., 1999). 

 In the flaxseeds, flavonoids exist in their glycosidic form. The important flavonoids 

present in the flaxseed are kaempferol diglucopyranoside, herbacetin diglucopynanoside and 

herbacetin dimethyl ether (Qiu et al., 1999; Struijus et al., 2007). The chemical structures of 

flavonoids found in flaxseed are presented in Fig 2.2. The flavonoids content in the flaxseed 

vary widely; this variation may be due to cultivar and growing condition as well as the 

extraction solvents and process (Anwar and Przybylski, 2012). 
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Fig. 2.1 Some important phenolic acids: A-C, hydroxyl derivatives of benzoic acid and E-G, 

hydroxyl derivatives of cinnamic acid (Hakkinen, 2000; Shahidi, 1997) 
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Fig 2.2 Flaxseed flavonoids (Qiu et al., 1999)  

herbacetin diglucopynanoside  R1= Glc, R2=H, R3= OGlc 

herbacetin R1= R2=H, R3= OH 

kaempferol diglucopyranoside R1= R2= Glc, R3= H 

herbacetin dimethyl ether R1= R2= CH3, R3= OH 

The amount of flavonoids in the Canadian flaxseed has been reported to be in the 

range of 30 to 84 mg/100g of flaxseed (Oomah, 2001; Oomah et al., 1996). Anwar and 

Przybylski (2012) reported the flavonoid contents to be 20-60 mg/100g of flaxseed in the 

Canadian flaxseed. In the Egyptian flaxseed varieties, the flavonoid contents were reported to 

be in the range of 12.9 to 20.0 mg/100 g of flaxseed (El-Beltagi et al., 2007).  

2.2.4.3 Lignans 

Lignans are one of the most important classes of plant polyphenols. Lignans comprise of two 

phenylpropane rings joined together by 8 and 8′ Carbons of the side chains of two coniferyl 

alcohols (Davin et al., 1997; Willfor et al., 2006). The amount of lignans varies widely in the 

plants. However, the richest source of plant lignans is flaxseed that contains 1000 times 

higher level of lignans as compared to any other plant source (Adlercreutz and Mazur, 1997). 

Plant lignans are metabolized in the mammalian guts to enetrodiol and enterolactones 

(mammalian lignans) by intestinal bacteria (Heinonen et al., 2001; Wang et al., 2000).  



17 
 

The major lignans present in the flaxseed are secoisolariciresinol diglucoside (SDG), 

secoisolariciresinol (SECO), isolariciresinol and matairesinol (Bambagiotti-alberti et al., 

1994; Cardoso Carraro et al., 2012; Sicilia et al., 2003). SDG is the most abundant flaxseed 

lignan, it was first isolated in 1956 (Bakke and Klosterman, 1956).  Secoisolariciresinol is 

aglycone of Secoisolariciresinol diglucoside (Obermeyer et al., 1995). In flaxseed SDG is 

present in the esterified form associated to 3-hydroxy-3-methylglutaric acid (HMGA) and 

other phenolics i.e. ferulic acid and coumaric acid glycoside to form lignan oligomers 

(Kasote, 2013; Yuan et al., 2008). 

The SDG contents in flaxseed vary from 6 to 29 g/kg in the defatted powder 

(Beejmohun et al., 2007; Eliasson et al., 2003). This variation in the lignan contents may 

have arisen due to the difference in cultivars, growing conditions and growing year 

(Thompson et al., 1997; Westcott and Muir, 1996). For Cambridge and Argentinian cultivars 

of flaxseed SECO contents have been reported to be 1262 and 880 mg/ 100 g of dried seeds 

(Liggins et al., 2000). The SDG contents of fourteen different cultivars grown in Sweden 

ranged from 1170 and 2270 mg/100 g dry matter of defatted flaxseeds, while that for 

cultivars of Denmark ranged from 1440 to 2080 mg/100 g dry matter of defatted flaxseeds 

(Johnsson et al., 2000). Eliasson et al. (2003) reported SDG contents ranging from 1410 to 

2590 mg/100g of dried flaxseed in twenty seven different cultivars of flaxseeds of Swedish 

origin. In Chinese cultivar, SDG contents were observed to be 1510mg/100g of flaxseed (Lee 

et al., 2008). Strandas et al. (2008) reported the SDG contents in defatted powder of Swedish 

flaxseed to be 2250mg/100g. A hull rich fraction of SDG was prepared by dry mechanical 

method with SDG contents of 30.9 mg/g as from the whole seed containing 12.9 mg/g SDG 

(Madhusudhan et al., 2000). 
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Fig. 2.3 Structures of SDG 1 and SECO 2 (Muir and Westcott, 2003)  

 

 

Fig. 2.4 Metabolism of plant lignans to mammalian lignans (Ford et al., 2001) 
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2.3 Methods used in determination of flaxseed components 

2.3.1 Evaluation of antioxidant activity 

Flaxseed is the rich source of plant phenolics. These plant phenolics including lignans, 

phenolic acids and flavonoids act as strong natural antioxidants. Therefore the antioxidant 

activity of flaxseed has been studied by using different in vivo and in vitro models. The 

analytical protocols used for the evaluation of antioxidant activity should be selected on the 

basis of recognition of different antioxidant mechanisms supporting the multifold functions 

of antioxidant in both the physiological and food related oxidative process. Usually some 

contradictory results have been often obtained, illustrated not only for pure polyphenolic 

compounds (Moure et al., 2001), but also for plant based whole antioxidant system (Madsen 

and Bertelsen, 1995; Wiseman et al., 1997). These variations may have resulted from the 

nature of antioxidant substrate, the mode of oxidation initiation, nature of antioxidant assay 

and the type of antioxidant assay (Frankel and Meyer, 2000). Some methods used for 

different antioxidant activity assays based on the applications of antioxidants in food and 

biological systems ar reviewed here. 

2.3.1.1 Quantification of phenolic compounds  

The antioxidant activity has been reported to be in correlation with the amount of phenolic 

compounds. Hence, antioxidant activity can be predicted by determining the total phenolics 

in the sample. A total phenolic content are usually an important source use to explain/predict 

the antioxidant activity, but is not appropriate to report the antioxidant capacity (Heinonen et 

al., 1998). Folin Ciocalteu method (F-C), Folin-Denis (FD), permanganate titrations, 

colorimetry with iron salts and ultraviolet absorbance are the most common methods used for 

the estimation of total phenolics (Dai and Mumper, 2010). Among these, Folin Ciocalteu 

method is well known, that works on the basis of total number of phenolic groups and 

oxidizable groups present in the sample (Singleton and Ross, 1965). 

 Folin Ciocalteu assay works on the basis of electron transfer in alkaline medium from 

phenol compounds to the phosphotungstic acid/ phosphomolybdic acid to form blue colored 

complexes that are consequently determined at 760 nm (Singleton and Ross, 1965).    
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 There are a number of studies carried out on the determination of total phenolic 

content in flaxseed by using Folin Ciocalteu reagent method (Herchi et al., 2012, Siger et al., 

2008). El-Beltagi et al. (2007) used the Folin-Ciocalteu method to determine the total 

phenolic contents in Egyptian flaxseed cultivars. Anwar and Przybylski (2012) used the same 

method for the determination of total phenolics in the flaxseed cultivars belonging to Canada. 

Gutierrez et al. (2010) employed the Folin Ciocalteu method to determine the phenolics in 

flaxseed cultivar grown in Chile. 

2.3.1.2 Radical scavenging activity 

Radical scavenging activity is a very important parameter in determining the antioxidant 

capacity of a sample. It primarily functions through direct measurement of transfer of 

electron to the free radical or by the transfer of hydrogen atom. Free radical scavenging 

activity assays are widely used for the measurement of antioxidant activity of plant materials 

in vitro. However the assays proved to be insufficient in the food oxidation and in vivo 

models. 

 The assays are further classified on the basis of type of free radicals utilized as 

substrates. 2, 2-diphenyl-1-picrylhydrazyl radical is the most common substrate used for the 

determination of free radical scavenging activity. DPPH radicals are very stable organic free 

radicals often employed for evaluation of the antioxidant activity of compounds. The extent 

of reaction in DPPH radical assay mainly depends on the hydrogen donating ability of the 

antioxidants which is predominantly governed by their structure and degree of hydroxylation 

(Sanchez-Moreno et al., 1999).  Moreover Hydroxyl radicals, super oxide and ABTS radicals 

have also been utilized as substrate for the assay. 

There are many reports on the determination of antioxidant activities of flaxseed by 

using this assay. Barbary et al. (2010) reported the DPPH radical scavenging activity of 

flaxseed lignan extract in the range of 81.6 to 89.3%. Zanwar et al. (2010) found the DPPH 

radical scavenging to be concentration dependent. They observed the maximum DPPH 

scavenging activity (78.38%) of 50% aqueous ethanolic extract of defatted flaxseed at a 

concentration of 500µg/mL. DPPH radical scavenging activity in range of 82 to 90% was 

observed when flaxseed lignan SDG was used at a concentration of 100 to 250 µM (Kitts et 
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al., 1999). Ether insoluble phenolic components from butanol fraction of defatted flaxseed 

meal showed DPPH radical scavenging activity was moderate as compared to the standard 

antioxidants BHA and BHT (Kasote et al., 2011).  Prasad (1997) reported the OH
• 

scavenging ability of SDG isolated from flaxseed. The activity was observed to be directly 

related to the concentrations of SDG. The free radical scavenging activities of the flavonoids 

isolated from flaxseed was determined. Among different flavonoids, herbacetin and 

herbacetin dimethyl ether was observed to be potent radical scavengers (Qiu et al., 1999). 

2.3.1.3 Reducing power 

Estimation of reducing power of antioxidants is informative by providing their ranking as 

reducing agents and prediction of the possibility of the transfer of electrons to reactive 

oxygen. Assessment of the radical reactions and antioxidant interactions depend on the 

difference of reduction powers (Benzie and Strain, 1996; Wardman, 1989). 

The reducing power assay is based on the ability of phenolics to reduce Fe
+3

 to Fe
+2

 

by donating electron to Fe
+3

 (Pulido et al., 2000). The reducing power of the plant materials 

have been widely investigated by using Ferric reducing antioxidant potential (FRAP) assay 

(Yen et al., 2000). 

 There are many reports on the determination of antioxidant activity of flaxseed and its 

components by using FRAP assay.  Barbary et al. (2010) used the FRAP assay to determine 

the antioxidant activity of lignans extracted from the flaxseed. Zanwar et al. (2010) assessed 

the antioxidant activities of flaxseed extract by using FRAP assay. Anwar and Przybylski 

(2012) used FRAP assay for the antioxidant activity determination of flaxseed extracts. They 

found the reducing power to be dependent on the concentration of extract used. Reducing 

power of ether insoluble phenolic contents of butanol fraction of flaxseed containing 

compounds like tannin and caffeic acid were observed to have reducing power close to the 

standard synthetic antioxidants i.e. BHA and BHT (Kasote et al., 2011). 
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2.3.1.4 Inhibition of peroxidation 

Measurement of inhibition of peroxidation in linoleic acid system is also an effective method 

for the assessment of antioxidant activity of the plant samples (Mathew and Abraham, 2006; 

Siddhuraju et al., 2002; Siddhuraju and Becker, 2003). 

This method involves the inhibition of peroxidation of linoleic acid by quenching the 

peroxyl radical form during the oxidation of linoleic acid and act as chain carrier, through 

transfer of electron and consequently breaking the chain propagation (Niki et al., 2005). 

Bleaching  β- carotene in linoleic acid system can also be used for the evaluation of 

antioxidant activity of fruits, vegetables, and other plant materials (Abdille et al., 2005; 

Gorinstein et al., 2004; Kang et al., 2006; Karadeniz et al., 2005; Tepe et al., 2005). 

Many researchers have determined the antioxidant activities of flaxseed and its 

components by using this method. Antioxidant activity of flaxseed metabolic extract was 

determined in β- carotene bleaching system. The antioxidant activity was found to be in 

correlation with total phenolics (Velioglu et al., 1998). The fraction of ethanolic extract with 

high concentration of phenolics was found to be most active in β-carotene–linoleate system 

(Amarowicz et al., 2006). Kitts et al. (1999) determined the antioxidant activity of SDG and 

its metabolite enterldiole and enterolactone in linoleic acid emulsion system. SDG was found 

to be superior in inhibition of peroxidation as compared to mammalian lignans. Hosseinian et 

al. (2006) compared the antioxidant activity SDG, SECO and BHT in a model of lipid 

peroxidation. No significant difference in the inhibition of peroxidation was observed. 

Ether-insoluble phenolic components of butanol fraction were assayed for the 

antioxidant activity by inhibition of peroxidation and their antioxidant activity was compared 

with standard antioxidants i.e. BHA and BHT. The inhibitory power of the ether insoluble 

phenolics of butanolic fraction was observed to be close to that for BHT and BHA (Kasote et 

al., 2011).  

 

 



23 
 

2.3.2 Chromatographic techniques for the analysis of flaxseed phenolics  

Over the time, much attention has been paid towards developing analytical methods for 

separation and quantification of phenolic compounds in various plant materials. For this 

purpose, an ancient technique involving the use of paper chromatography (1950s and 1960s), 

was later replaced by thin layer chromatography (TLC) (1970s), providing an inexpensive 

and useful tool for the simultaneous analysis of several samples (Azar et al., 1987; Agbor-

Egbe and Rickard, 1990).  Although less used in the analysis of foods, TLC is still commonly 

used for the determination of phenolic acids in plant materials (Anagnostopoulou et al., 

2006; Bylak and Matlawska, 2001; Ellinian-Wojtaszek, 1997). Kraushofer and Sontag (2002) 

analyzed the flaxseed extract using TLC and reported the extracts were rich in different 

penolics. The major phenolics found were the lignans while the minor amounts of coumaric 

and ferulic acid were observed (Siger et al., 2008). 

TLC has been employed for the screening of samples, prior to HPLC analysis, due to 

several advantages such as the detection and removal of contaminants that may absorb on the 

stationary phase in the HPLC column, or the determination of solvent conditions necessary 

for a successful separation of phenolic compounds (Fernandez de Simon et al., 1990; Lee and 

Widmer, 1996). However, the main disadvantages of TLC are limited quantification aspects 

(Cai and Arntfield, 2001).  

2.3.2.1 HPLC determination of phenolic compounds 

During the last two decades, HPLC with reverse phase (RP) column technology has been 

extensively used for the separation and characterization of phenolic compounds. Particular 

advantages of HPLC analysis are high-resolution capacity and relative simplicity.   

Table 2.2 lists representative examples of the methods devised and columns 

employed in RP-HPLC separations of phenolic compounds present in flaxseed. It is clear 

from the table that uniformity exists in the choice of column showing that better separation of 

phenolic could be achieved using reversed phase column (C18) of length 250 mm, internal 

diameter 4.6 mm. Particle size in most of the studies was 5 μm. Most investigations did not 
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explain the choice of the column, however, Guillen et al. (1996) and Hakkinen et al.  (1998) 

investigated the comparison of the efficacy of five and three different columns, respectively.   

Organic solvents in a combination with aqueous phase have been employed for the 

extraction of flaxseed phenolics (Chimichi et al., 1999, Sicilia et al., 2003). Most frequently 

used organic solvents were methanol and ethanol with dioxane (Eliasson et al., 2003, Heirchi 

et al., 2012). Gradient elution was preferred over isocratic in most of the cases. The mobile 

phase employed generally for the separation of flaxseed phenolics was acetonitrile and 

methanol with a linear gradient (Eliasson et al., 2003). In some investigations, the mobile 

phase (A and B) consisted of mixtures of the organic and aqueous solvents. Generally, an 

acid (acetic acid, triflouroacetic acid, perchloric acid, phosphoric acid or hydrochloric acid) 

was added to aqueous phase (solvent A) to improve separation of phenolic compounds. 

Acetic and trifluoroacetic acids were frequently used as acidic additive (modifier). However, 

some reports recommended the addition of acid to the alcoholic solvent as well (Dragovic-

Uzelac et al., 2007; Huang et al., 2006).  

The flaxseed phenolics characteristically absorb in the UV region (200 to 360 nm), so 

most commonly used detectors for their detection are Photo diode array detectors (PDA) 

(Heirchi et al., 2012; Klimczak et al., 2007).   

2.3.2.2 Gas chromatographic (GC) analysis of phenolic compounds  

GC has been applied for the analysis of phenolic compounds in different plants (Huang et al., 

2006). It provides sufficient separating capacity and good peak identification power. 

However, GC has limited use for the identification of phenolic compounds, as analytes 

require derivatization prior to analysis. Generally, phenolic compounds are derivatized to 

their trimethylsilyl ethers, due to ease of reaction and formation of unwanted side products. 

Although there exist a great variety of commercially available silylating reagents, the most 

common employed for derivatization of phenolic acids are trimethylchlorosilane (TMCS), N, 

O-bis-(trimethylsilyl) acetamide (BSA), N-methyl-N-(trimethylsilyl) trifluoroacetamide 

(MSTFA), and N,O-bis-(trimethylsilyl) trifluoroacetamide (BSTFA). In general, the 

derivatization reaction involves the dissolution of the dried plant extract in a base (mainly 

pyridine or ethylamine) and the TMS delivery reagent followed by heating the reaction 
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mixture for 20-60 min (Biedermann and Grob, 2006; Chu et al.,  2001; Deng and Zito, 2003; 

Van Beek, 2002). Advantages of GC analysis include an improved separation of closely 

related isomers (like; cis- and trans-sinapic and ferulic acids).  

GC-FID and GC-MS both have been employed for the analysis of flaxseed phenolics 

after derivitisation by silylation to increase the selective separation and volatility of these 

compounds (Penalvo et al., 2005; Toure and Xueming, 2010). Thompson et al. (1991) 

employed GC-FID and and Mazur et al. (1996) employed GC-MS for the detection of 

concentration of flaxseed lignans in different foods. Different types of flaxseed lignans other 

than SDG have also been analysed by GC-MS (Liggins et al., 2000; Penalvo et al., 2005). 

Sarajlija et al. (2012) analyzed the lignans present in flaxseed by GC-MS and found the SDG 

contents to be 517 mg/100g and 856 mg/100g of flaxseed before and after acid hydrolysis 

repectively. After derivitization with N,O-bis-(trimethylsilyl) trifluoroacetamide (BSTFA) 

flaxseed lignans were analyzed by GC-MS with detection limits of 0.02 to 3pg (Popova et 

al., 2009). 

2.3.2.3 Liquid chromatography mass spectrometry (LC-MS) analysis of phenolic 

compounds 

Mass spectrometry (MS), offering valuable information about mass fragmentation pattern has 

become a more definitive identification tool for the quantification of phenolic compounds. 

Liquid chromatography coupled with mass spectrometry (LC-MS) has been most extensively 

being applied now days for the analysis of phenolic compounds in flaxseed. It has been 

proven to be the most sensitive technique for such analysis (Smeds and Hakala, 2003, Smeds 

et al., 2006). 

LC-MS analyses have been performed for the analysis of phenolics by using different 

ionization techniques, such as electron spray ionization (ESI), negative heated nebulizer 

(HN) and negative atmospheric pressure chemical ionization (APCI). Among these, APCI is 

least sensitive (Milder et al., 2004; Saarinen et al., 2002; Smeds et al., 2006; Smeds et al., 

2007).  
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LC-TOF-MS and LC-MS for the analysis of flaxseed lignans have been reported to 

have the detection limits of 0.002 to 0.043pg and 0.001 to 0.015pg, respectively (Popova et 

al., 2009). Fritsche et al. (2002) used LC-NMR-MS for the structural analysis of lignans 

(diastereomers of SDG) present in flaxseed. Herchi et al. (2011) analysed the phenolic 

compounds present in flaxseed oil by HPLC-ESI-TOF-MS. Hao and Beta (2012) analyzed 

the flaxseed hull extract by Q-TOF-MS and found SDG, ferulic and coumaric acid as major 

lignans in flaxseed hull.  

2.4 Health Benefits of flaxseed 

Flaxseed has gained the importance as nutraceutical or bioactive food, as it has been proven 

to be affective against different kinds of cancers, diabetes and cardiovascular diseases due to 

the presence of different bio components in it. Flaxseed has three major components making 

it beneficial in human and animal nutrition, (i) a very high content of alpha linolenic acid 

(omega-3 fatty acid) essential for human diet; (ii) a high percentage of dietary fiber, both 

soluble and insoluble, and iii) the highest content of “lignans” of all plant foods used for 

human consumption. Studies proved that flaxseed has tremendous potential in disease 

prevention particularly cardiovascular disease (CVD), osteoporosis, rheumatoid arthritis, 

cancer (breast, colon, and prostate cancer), and constipation and also affects immunity 

favorably. 
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Table 2.2 High performance liquid chromatographic (HPLC) determination of phenolic compounds in flaxseed 

Compounds 
Plant 

sample/material 
Column Solvent system Detection Reference 

Phenolics 

 
Flaxseed extract 

250× 4.5 mm, 5μm  

Econosil HPLC 

column C 18 

A: 5% acetonitrile in phosphate 

buffer 

B: acetonitrile 

UV-VIS Diode 

array detedtor  

Eliasson et al.  

(2003) 

Phenolics 

 

 

Flaxseed extract 

250× 4.6 mm, 5μm  

Kromasil  

(Macherey Nagel, 

Hoerdt, 

France) C 18 

A: 0.2% acetic acid in water 

B: acetonitrile 

Photo diode array 

detector 280 nm 

Beejmohun et al.  

(2007) 

Phenolics 

 

 

Flaxseed extract 

250× 4.5 mm, 5μm  

Econosil HPLC 

column C 18 

A: 5% acetonitrile in phosphate 

buffer 

B: acetonitrile  

UV-VIS Diode 

array detector 

Strandas et al. 

(2008) 

Phenolics 

 

 

Flaxseed extract 

250× 4.6 mm, 5μm 

LUNA 

Phenomenex C18 

A: acetonitrile: water : acetic 

acid (5: 93 :2 v/v) 

B; acetonitrile: water : acetic 

acid (40 :58 :2) 

Photo diode array 

detector 

Lorenc-Kukula et 

al. (2009) 

Phenolics 

 

 

Flaxseed extract 

150× 4.6 mm, 5μm 

TSK-GEL column 

ODS-100V C18 

acetonitrile in 0.1% phosphate 

buffer (75/25 v/v) 

 

UV-VIS Diode 

array detector 

Mueller et al. 

(2010) 

Phenolics 

 

 

Flaxseed extract 

150× 4.6 mm, 5μm 

Waters XTerra® 

RP C 18  

A: 0.5% acetic acid in water 

B: Methanol  

Photo diode array 

detector 280nm 
Lee et al. (2008) 

Lignans Flaxseed 

(7.8 × 300 mm, 5 

μm; TosoHaas 

TSK G2000SWXL 

column 

45% (v/v) Acetonitrile and 0.1% 

TFA (v/v), 

PDA 280 and 320 

nm 

Kosinska et al.  

(2011) 
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Lignans Flaxseed 

150× 4.6 mm, 5μm 

Waters Symmetry 

C18  

A: 0.1% formic acid   

B: acetonitrile with 0.1% formic 

acid  

Fluorescence 

detector, excitation 

λ: 277nm and 

emission  λ:617nm 

Mukker et al. 

(2010) 

Lignans Flaxseed 

250× 4.6 mm, 5μm 

Kromasil C18 

column   

 acetonitrile-1% aqueous acetic 

acid (15:85, v/v) 
PDA 280 nm Chen et al. (2007) 



29 
 

2.4.1 Health benefits associated with Lignans 

The health benefits of flaxseed lignans are thought to be due to antioxidant activity, primarily 

as hydroxyl radical scavengers (Kitts et al., 1999; Prasad, 1997), and also as estrogenic and 

antiestrogenic compounds due, in part, to the structural similarity to 17-b-estradiol 

(Adlercreutz et al., 1992; Waters and Knowler, 1982). The behavior of the lignans depends 

on the biological levels of estradiol. At normal estradiol levels, the lignans act as estrogen 

antagonists, but in postmenopausal women (at low estradiol levels) they can act as weak 

estrogens (Hutchins and Slavin, 2003; Rickard and Thompson, 1997). Other activities related 

to estrogen include the in vivo synthesis of 2- hydroxy estrogen, a compound that may protect 

against cancer (Haggans et al., 1999) and inhibit the binding of estrogen and testosterone to 

receptors on sex-binding globulin (Martin et al., 1996).  The presence of the oxidized 

metabolites is unique and may provide additional reasons for the health benefits of lignans. 

Classical antioxidant mechanisms show that the addition of an ortho-hydroxyl group to a 

monophenol enhances the antioxidant activity of the original monophenol. Thus, some of the 

mammalian lignan metabolites may actually have greater or different activity than the parent 

lignan. Kitts et al. (1999) reported that enterolactone and enterodiol had greater antioxidant 

activity than the parent. 

2.4.1.1 Role of flaxseed lignan in cancer prevention 

Lignans could be a significant part of a treatment regimen for cancer based on the large 

number of small scale studies (Saarinen et al., 2000). Although the lignans have been shown 

to be protective against breast cancer, minor structural alterations may influence overall 

activity (Saarinen et al., 2005). Thus, many of the forementioned benefits might be the 

results of specific structural features needed for lignans. 

Flaxseed was among the best food sources in the prevention of in vivo spontaneous 

chromosomal damage in mice (Trentin et al., 2004). The exact reason for the chromosomal 

damage prevention has not been identified; however, the mechanism may be related to the 

antioxidant function of flaxseed components. Lignans have antioxidant activity and thus may 

contribute to the anticancer activity of flaxseed (Kangas et al., 2002; Kitts et al., 1999; 

Prasad, 1997; Yuan et al., 1999). 
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Lignan, enterodiol, and enterolactone were believed to be partly responsible for the 

growth inhibition of 3 human prostate cancer cell lines (Lin et al., 2001). In a small clinical 

study, prostate cancer cell proliferation decreased and apoptosis increased in men fed 30 g of 

flaxseed per day (Demark-Wahnefried et al., 2001). A significant factor which may have 

influenced their study was that the subjects were on a low-fat diet. A subsequent study by 

those authors further supported the role of flaxseed in combination with a low-fat diet as a 

means to control prostate growth (Demark-Wahnefried et al., 2004). In this study, prostate-

specific antigen level and cell proliferation both decreased from baseline after only 6 month 

on the dietary regime. 

Although not extensively evaluated, flaxseed has been shown to inhibit colon and 

skin cancers in cell cultures and in animal studies as reviewed by Thompson (2003) and 

Morris (2003). Danbara et al. (2005) reported that a 10 mg/kg dose of enterolactone, by 

subcutaneous injection 3 times per week, reduced the expression of colon 201 human colon 

cancer cells in athymic mice. Using various testing protocols, Danbara et al. (2005) 

concluded that the tumor suppression was due to apoptosis and decreased cell proliferation. 

In general, flaxseed may be a valuable tool in the fight against various cancers. Further 

research is needed in clinical settings to support the role of flaxseed in cancer prevention in 

human populations.  

2.4.1.2 Diabetes prevention 

Low-glycemic-index foods containing soluble fiber may not only prevent certain metabolic 

ramifications of insulin resistance, but also reduce insulin resistance (Reaven et al., 1993). 

Soluble fiber and other components of flaxseed fractions could potentially affect insulin 

secretion and its mechanisms of action in maintaining plasma glucose homeostasis. Flaxseed 

was shown to reduce the postprandial blood glucose response in humans (Cunnane et al., 

1993; Jenkins et al., 1999). A consumption of 50 g/d ground flaxseed by young females over 

a period of four weeks caused a reduction in blood glucose levels (Cunnane et al., 1993). 

Bread containing 25% flaxseed gave a glycemic response that was 28% lower than the 

control (no flaxseed) bread (Jenkins et al., 1999). Prasad et al. (2000) reported that rats fed 

22 mg SDG/kg and treated with the diabetes-promoting chemical streptozotocin had 75% 
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lower incidence of type-1 diabetes than the streptozotocin-treated control group. However, 

the serum glucose of the SDG plus streptozotocin-treated rats had significantly higher serum 

glucose levels than the streptozotocin-treated control group. 

2.4.2 Health benefits associated with Alpha Linolenic Acid 

Flaxseed is one of the leading sources of ALA (Hauman, 1998), an omega- 3 (n-3) fatty acid, 

which is essential for maintaining human health. For a healthy lifestyle, ALA intakes of 1.1 

and 1.6 g/day for women and men have been recommended (Morris, 2003). Within the last 

decade, the health benefits of ALA have been documented in numerous studies and may be 

related to an improved n-6 to n-3 fatty acid intake. Most organizations agree that a 5:1 to 

10:1 n-6 to n-3 fatty acid ratio is preferred (Institute of Medicine, 2002; WHO/FAO, 2003). 

However, a typical western diet has an n-6 to n-3 fatty acid ratio well beyond 10:1; thus, 

flaxseed can be a valuable lipid source to improve the n-6 to n-3 fatty acid ratio due to the 

high n-3 content of flaxseed oil (Hall et al., 2006). The omega-3s and lignan phytoestrogens 

of flaxseed are in focus for their benefits for a wide range of health conditions and may 

possess chemo-protective properties in animals and humans (Muir et al., 1999; Westcott and 

Muir, 2003). 

Omega– 3s have two primary functions—as structural fats in membrane tissues, and as 

precursors for prostaglandins, which are mediators in controlling blood pressure, clotting, 

immunity, and other physiological activities. Human metabolism converts 5–10 percent of α-

linolenic acid into long chain omega–3s, DHA, and EPA typically obtained from fish oil or 

algae. All three omega–3s are important to cell-membrane function and metabolic health. 

Omega–3 fatty acids are responsible for forming a group of hormones-like compound called 

prostaglandins, which help in fighting many diseases. They make the cell permeable, which 

helps in the protection of cells against invading bacterial toxins, infections, and viruses 

(Javed, 1999). The α- linolenic acid in flaxseed can reduce the risk of cardiovascular disease 

(CVD) osteoporosis, rheumatoid arthritis, and cancer (Adlercreutz, 2007; Spence et al., 2003; 

Clark et al., 2000; Prasad et al., 1998). Omega-3 fatty acids present in flaxseed help in 

reducing blood triglycerides, blood pressure, platelet reactivity, neutrophil activity, and 

increase blood HDL cholesterol thereby helping in lowering CVD risk (Cunnane et al., 1993; 

Li et al., 1999). 
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Alpha linolenic acid has been proved to be affective against these diseases by 

decreasing the LDL.  Ranhotra et al. (1992) noted that flaxseed oil or blends of flaxseed oil 

and sunflower oil promoted cholesterol reduction in hypercholesterolemic rats compared to 

diets formulated with hard fats. These authors suggested that a diet with the appropriate 

balance of n-6 and n-3 fatty acids was preferred over diets high in n-6 fatty acids. In an 

investigation on the high lipid fed rats along with flaxseed oil, it was observed that rats had 

normal lipid concentration with very good cholesterol metabolism (Vijaimohan et al., 2006).  

Bloedon et al. (2008) found that flaxseed reduced lipoprotein a (Lp[a]) by a net of 

14%, and reduced the homeostatic model assessment of insulin-resistance index (HOMA-IR) 

by 23.7% compared to wheat in 10 weeks. Inmen, flaxseed reduced HDLC concentrations by 

a net of 16% and 9% in 5 and 10 weeks, respectively. High linolenic acid fed rice were 

observed to have smaller adipose tissues along with low protein contents in these tissues, 

proving that flaxseed oil confers health benefits related to obesity (Baranowski et al., 2012).  

2.4.3 Health benefits associated with Flaxseed Fiber 

Flaxseed has a potential to increase laxation due to high dietary fiber content, which absorbs 

water and increase intestinal bulk (Cunnane et al., 1995) and thus play an important role in 

preventing and curing constipation condition. Dietary fiber has been widely viewed as a 

component essential to lowering the risk of colon cancer (Hall, 2006). Feeding trials of 

roughly ground partially defatted flaxseed to patients suffering from constipation 

predominant irritable bowel syndrome showed a significant reduction in constipation and 

abdominal symptoms (Tarpila et al., 2004). Muir et al. (1999) showed that the addition of 

flaxseed at 15 mg/kg of rabbits resulted in 33% reduction in atherosclerotic plaques on a high 

cholesterol diet compared to control subjects on a high cholesterol diets alone. 

 

 

 

 

http://www.sciencedirect.com/science/article/pii/S1043466612001196?np=y
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Chapter 3 

                                                          MATERIALS AND METHODS 

The research work presented in this dissertation was conducted in the laboratories of 

Department of Chemistry and Biochemistry, University of Agriculture, Faisalabad, Pakistan 

and in the laboratories of Department of Food Science and Human Nutrition, University of 

Illinois Urbana-Champaign (UIUC), Illinois, USA.  

3.1 Collection of samples 

A total of eight cultivars of flaxseed were assayed from Ayub Agriculture research institute 

(AARI), Faisalabad, Pakistan and National Agriculture Research Center (NARC), Islamabad, 

Pakistan.  

3.2 Description of the analytical instruments used throughout the research 

work 

3.2.1. Spectrophotometer (U-2001, Hitachi Instruments Inc. Tokyo, Japan)  

3.2.2. Commercial blender (TSK-949, Westpoint, France) 

3.2.3. Hot air oven (IM-30, Irmeco, Germany) 

3.2.4. Orbital shaker (Gallenkamp, UK)  

3.2.5. Rotary vacuum evaporator (EYELA, N-N Series, Rikakikai Co. Ltd. Tokyo, Japan) 

3.2.6. HPLC (Waters Alliance 2695, USA) 

3.2.7. LC-MS (Q-tof Ultima Made by Waters, USA) 

3.3 Reagents and standards 

Analytical grade, Merck, Sigma and Fluka brand chemicals and reagents were used 

throughout the experimental work. 1, 1-diphenyl-2-picrylhydrazyl radical (DPPH
.
) 
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(Sigma, 90.0 %), linoleic acid, food grade synthetic antioxidant butylated hydroxytoluene 

(TBHQ) (99.0 %), Folin-Ciocalteu reagent (2 N) and standards of phenolics  (p-coumaric 

acid, vanillic acid, caffeic acid, cinammic acid, sinnapic acid, ferulic acid, synergic acid, 

p-hydroxybenzoic acid, benzoic acid, gallic acid, kampeferol, quercetin, myricetin, SDG 

and SECO) were purchased from Sigma Chemicals Co (St, Louis, MO, USA). All other 

chemicals (analytical grade) i.e. anhydrous sodium carbonate, sodium hydroxide, sodium 

nitrite, ferrous chloride, ammonium  thiocyanate, aluminum chloride, potassium 

dihydrogen phosphate, dipotassium hydrogen phosphate, iso-octane, chloroform, acetic 

acid, potassium iodide, and sodium thiosulphate used in this study were purchased from 

Merck (Darmstadt, Germany), unless stated otherwise. 

3.4. Experimental protocols 

Part 1 

3.4.1 Seeds and chemicals/reagents 

Cultivars of flaxseeds (variety Chandni, LS-108, LS-105, LS-99 and LS-29) used in this 

study were obtained from the Ayub Agricultural Research Institute (AARI) Faisalabad and 

LS-33, LS-31 and LS-13 were obtained from National Agriculture Research Center (NARC) 

Islamabad, Pakistan. All reagents (analytical and HPLC) used were from E. Merck 

(Darmstadt, Germany) or Sigma–Aldrich (Buchs, Switzerland). Pure standards of 

tocopherols (DL-α tocopherol, (þ)-δ-tocopherol, (þ)-γ-tocopherol), and fatty acid methyl 

esters were obtained from Sigma Chemical Co. (St. Louis, MO, USA). 

3.4.2 Analysis of oil from different cultivars of flaxseed 

3.4.2.1 Extraction of oil 

Seeds of different varieties of flaxseeds were crushed by using domestic electric grinder. The 

oil from the seeds was extracted using folch method (El-Beltagi et al., 2007). After oil 

extraction the solvent was distilled off under vacuum in a rotary evaporator (Eyela, Rotary 

Vacuum Evaporator N.N. Series equipped with an aspirator and a digital water bath SB-651, 
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Japan) at 45
o
C. The extracted oil was then stored in a refrigerator at 4

o
C until used for 

analysis. 

3.4.2.2 Analysis of oilseed residues 

Proximate analyses of Flaxseed oil seed residues (meals), left after extraction of oils were 

done according to standard methods. Protein contents (N×6.25) were determined according 

to AOAC method 954.01 (AOAC, 1990) using a Kjeldahl apparatus. The fiber contents were 

determined employing ISO method 5983 (ISO, 1981), briefly, 2 g of finely ground defatted 

sample was taken and boiled with 250 mL of 0.255 M H2SO4, followed by the filtration and 

washing of insoluble residues. The residues were then boiled with 250 mL of 0.313 M 

NaOH, followed by the separation, washing, and drying. The dried residues were weighed 

and ashed at 600 ºC using a muffle furnace (Eyela, TMF-2100, Tokyo, Japan), and the loss of 

mass was determined gravimetrically. Ash contents were determined by ISO method 749 

(ISO, 1977). Two grams of meal was carbonized by heating on a gas flame and then ashed in 

an electric muffle furnace at 600 ºC, until a constant mass was achieved.  

3.4.2.3 Physicochemical properties of oils 

The extracted oils were analyzed for density, refractive index, peroxide value (PV), acid 

value, iodine value (IV), saponification value, and unsaponifiable matter following AOCS 

method Cc10a-25, Cc7-25, Cd1-25, Cd8-53, F-9a-44, Cd3-25, and Ca61-40, respectively 

(AOCS, 1997). The determinations of conjugated dienes (CD) and conjugated trienes (CT) 

were made using a Hitachi U-2001 spectrophotometer. Oil samples were diluted with 

isooctane and absorbance values recorded at 232 and 268 nm for CD and CT, respectively. 

Specific extinctions ("1% 1 cm (l)) were calculated following the IUPAC method II D.23 

(IUPAC, 1987). Paraanisidine value of the oil samples was determined following IUPAC 

method II D.26 (IUPAC, 1987). The oil samples dissolved in isooctane were allowed to react 

with Para-anisidine solution in acetic acid (0.25% w/v) for 10 min. The absorbance of the 

resulting colored complex was monitored at 350 nm using a spectrophotometer. 
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3.4.2.4 Tocopherols 

For tocopherol analysis, an HPLC method was adopted as reported by Yaqoob et al., 2010. 

Flaxseed oil (1 g) was accurately weighed into a 5 mL sample vial wrapped in aluminum foil 

to prevent oxidation. The oil was dissolved in 5 mL acetonitrile before injection. 

Table 3.1   HPLC Conditions for the analysis of Tocopherols 

HPLC system Waters Alliance 2695 

Column  YMC-Pack ODS AM-303, 250mm x 4.6mm x 5µm 

Mobile phase acetonitrile/2-propanol (40/60 v/v)  

Mobile flow rate 1.0 mL /min, Pressure 1750 psi 

Detector Agilent series 1050 diode array detector, UV  295 nm 

Software 
Agilent Chem-station software for data acquisition and 

analysis 

 

Tocopherols were identified by comparing the retention times of the unknowns with those of 

pure standards of α, γ and δ tocopherols. The samples were prepared and analyzed separately 

in triplicate. 

3.4.2.5 Fatty acids profile 

Fatty acid methyl esters (FAMEs) were prepared by IUPAC standard method 2.301 (IUPAC, 

1987) which involved the trans-esterification of fatty acids by methanol. Briefly, 0.2 g of oil 

was taken in a 10 mL capped vials; 5mL of redistilled methanol was added followed by the 

addition of two pellets of KOH. The contents of the vials were heated at 60
o
C in heating 

mantle until the droplets of fats were disappeared. On cooling, the reaction mixture was 

gently transferred to a separating funnel. Small amount of n-hexane was added. Separating 
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funnel was shaken gently. The upper hexane layer was recovered and washed with distilled 

water. This hexane solution was dried over anhydrous sodium sulfate, filtered and used for 

gas chromatographic analysis. The following conditions were used for gas chromatographic 

analysis. 

Table 3.2   GC-Chromatogram Conditions for the analysis of FAMES 

 

FAMEs were identified by comparing their relative and absolute retention times with those 

of authentic standards. The FA composition was reported as a relative percentage of the total 

peak area. The internal standard used was nonadecanoic acid. All of the quantifications were 

done by Agilent Chemstation software for data acquisition and analysis. 

 

 

 

 

GC system Agilent 5890 series II with 7673 

 Column 
  DB-WAX  

 30m X 0.25 mm X 0.25um 

 Injecter  
An auto sampler, injection volume 1µL, split mode (split ratio1:100), temp. 

280 ºC 

 Column Oven 

Programme 

 Initial temp. 170 ºC,  hold up 2 min, 170-240 ºC (ramp rate 2 ºC/min) hold 

up 10 min 

  Carrier gas He, flow rate 1.5 mL /min 

Detector Flame ionization Detector (FID) 
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Part II 

3.4.3 Effect of extraction procedure on the antioxidant activity of different 

flaxseed cultivar extracts  

3.4.3.1 Extracting solvent systems 

The samples were ground into a fine powder using a commercial blender (TSK-949, 

WestPoint, France). The material that passed through 80-mesh sieve was used for 

extraction purposes. Six different solvent systems i.e. 100% ethanol, 100% methanol, 

100% acetone, 80% ethanol (ethanol: water, 80:20 v/v), 80% methanol (methanol: water, 

80:20 v/v) and (acetone: water, 80:20 v/v) were employed in order to evaluate the effects 

of extraction media on yield and antioxidant activity of the plant extracts. 

3.4.3.2 Extraction techniques 

          For evaluation of the efficacy of the extraction methods towards obtaining optimum 

extract yield with efficient recovery of antioxidants, two different extraction techniques 

were employed for the extraction of flaxseeds. All the solvents media mentioned in section 

3.4.3.1 were tried separately in each extraction technique.  

3.4.3.2.1 Extraction by orbital shaker 

 The ground flaxseed material (20 g for each sample) was extracted with 200 mL of 

each of the solvent for 6 hours at room temperature in an orbital shaker (Gallenkamp, 

UK).  The extracts ware separated from the residues by filtering through Whatman No. 1 

filter paper. The residues were extracted twice with the same fresh solvent and extracts 

combined. The combined extracts were concentrated and freed of solvent under reduced 

pressure at 45 °C, using a rotary evaporator (EYELA, SB-651, Rikakikai Co. Ltd. Tokyo, 

Japan). The dried, crude concentrated extracts were weighed to calculate the yield and 

stored in a refrigerator (4
o
C), until used for analyses.        
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3.4.3.2.2 Extraction sonication  

The ground flaxseed material (20 g for each sample) was mixed with 200 mL of each of 

the solvent and kept in sonication bath for 45 minutes, after sonication the mixture was 

kept in orbital shaker (120 rpm) for 6 hours. The extracts were separated from the residues 

by filtering through Whatman No. 1 filter paper. The residues were extracted twice with 

the fresh solvent and extracts combined. The combined extracts were then concentrated 

and freed of solvent under reduced pressure at 45 °C, using a rotary evaporator (EYELA, 

SB-651, Rikakikai Co. Ltd. Tokyo, Japan). The dried, crude concentrated extracts were 

weighed to calculate the yield and stored in a refrigerator (4
o
C), until used for analyses. 

3.4.3.3 Determination of total phenolics (TP) 

 Amount of TP were assessed using Folin–Ciocalteu reagent procedure as described by 

Chaovanalikit and Wrolstad (2004). Briefly, 50 mg of dry mass of flaxseeds extract was 

mixed with 0.5 mL of Folin–Ciocalteu reagent and 7.5 mL deionized water. The mixture was 

kept at room temperature for 10 min, and then 1.5 mL of 20% sodium carbonate (w/v) was 

added. The mixture was heated in a water bath at 40 °C for 20 min and then cooled in an ice 

bath; finally absorbance at 755 nm was measured (HitachiU-2001 spectrophotometer, model 

121-0032). Amounts of TP were calculated using a calibration curve for gallic acid (10–100 

ppm) (R = 0.9986). The results were expressed as gallic acid mg GAE per 100 g of dry 

extract (mg GAE 100 g
-1

). All samples were analyzed thrice and results averaged. 

3.4.3.4 Determination of total flavonoids (TF) 

TF were determined following the procedure by Dewanto et al. (2002). One milliliter of 

aqueous extract containing 0.1 g/mL of dry matter was placed in a 10 mL volumetric flask, 

then 5 mL of distilled water added followed by 0.3 mL of 5% NaNO2. After 5 min, 0.6 mL of 

10% AlCl3 was added. After another 5 min 2 mL of 1 M NaOH was added and volume made 

up with distilled water. The solution was mixed and absorbance measured at 510 nm. TF 

amounts were expressed as catechin equivalents per dry matter. All samples were analyzed 

thrice and results averaged. 
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3.4.3.5 Antioxidant activity determination in linoleic acid system 

 The antioxidant activity of flax seed extracts was determined in terms of measurement of % 

inhibition of peroxidation in linoleic acid system following a reported method of Iqbal and 

Bhanger (2007). Extracts (5 mg) of each treatment were added to a solution mixture of 

linoleic acid (0.13 ml), 99.8% ethanol (10 ml) and 10 ml of 0.2M sodium phosphate buffer 

(pH 7). Total mixture was diluted to 25 ml with distilled water. The solution was incubated at  

40 °C and the degree of oxidation was measured following thiocyanate method (Chuang et 

al., 2000) with 10 ml of ethanol (75%), 0.2 ml of an aqueous solution of ammonium 

thiocyanate (30%), 0.2 ml of sample solution and 0.2 ml of ferrous chloride (FeCl2) solution 

(20 mM in 3.5% HCl) being added sequentially. After 3 min of stirring, the absorption values 

of mixtures measured at 500 nm were taken as peroxide contents. A control was performed 

with linoleic acid but without extracts. Synthetic antioxidant (TBHQ) was used as positive 

control. The antioxidant activity was calculated as percentage of inhibition relative to the 

control using the following equation:  

AA = 100 – [(sample absorbance at 72h - sample absorbance at 0 h)/ (control absorbance at 

72 h - control absorbance at 0 h) x 100] 

3.4.3.6 DPPH radical scavenging assay 

Free radical scavenging activities of flaxseed extract was measured by using procedure 

described by Iqbal and Bhanger, 2005. Briefly, to 1.0 mL of flaxseed extract containing 25 

µg/mL of dry matter in methanol, 5.0 mL of freshly prepared solution of 2, 2-diphenyl-1-

picrylhydrazyl (DPPH) at concentration 0.025 g/L was added. Absorbance at 0, 0.5, 1, 2, 5 

and 10 min was measured at 515 nm (Hitachi U- 2001 spectrophotometer, model 121-0032). 

The remaining amounts of DPPH radical were calculated from calibration curve. Absorbance 

measured at 5th minute was used in comparison of radical scavenging activity of flaxseed 

extracts. 

3.4.3.7 Determination of reducing power 

The reducing power of the extracts was determined according to the procedure described by 

Yen et al. (2000), with modification. Equivalent volume of flaxseed extract containing 2.5–
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10.0 mg of dry matter was mixed with sodium phosphate buffer (5.0 mL, 0.2 M, pH 6.6) and 

potassium ferricyanide (5.0 mL, 1.0%); the mixture was incubated at 50 °C for 20 min. Then 

5 mL of 10% trichloroacetic acid added and centrifuged at 980g for 10 min at 5°C in 

refrigerated centrifuge (CHM-17; Kokusan Denki, Tokyo, Japan). The upper layer of the 

solution (5.0 mL) was diluted with 5.0 mL of distilled water and ferric chloride (1.0 mL, 

0.1%), and absorbance read at 700 nm (Hitachi U-2001). The measurement was run in 

triplicate and results averaged. 

Part III  

3.4.4 HPLC analysis of phenolic compounds (phenolic acids and 

flavonoids) in flaxseed 

High performance liquid chromatographic (HPLC) approach was used for the separation and 

quantification of phenolics (SDG, SECO, vanillic, syringic, p-coumaric, ferulic, sinapic, 

caffeic, gallic acid, myricetin, quericetin, and kaempferol) from different flaxseed cultivars. 

3.4.4.1 Extraction/hydrolysis 

Extraction/hydrolysis of phenolic compounds was carried out using reported method of 

Tokusoglu et al. (2003).  Briefly acidified methanol (25 mL) containing 1 % (v/v) HCl and 0.1 

mg /mL TBHQ was added to each seed sample (1g).  HCl (1.2 M, 5 mL) was added and the 

mixture was stirred at 90
o
C under reflux for 2 hours to obtain aglycons of flavonol glycosides 

and bound phenolic acids into free forms. The extract was cooled to room temperature and 

centrifuged at 5000 rpm for 10 min. Upper layers were taken and sonicated for 5 min to 

remove any air present. The final extracts were filtered through a 0.45-μm (Millipore) before 

injecting into HPLC. Phenolic acids and flavonols were separated and quantified using 

following HPLC conditions. 
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Table 3.3 HPLC Conditions for the analysis of phenolic compounds 

HPLC System Waters Alliance 2695  

Column  Xtera-RP18 (150 × 3.9 mm,  5-μm) 

Mobile phase 0.2% TFA in Water / Acetonitrile (90: 10, v/v) 

Flow rate  1 mL/min 

Detector  

Agilent series 1050 diode array detector  

UV (254 nm) 

 

                   Part IV 

3.4.5 Separation and quantification of phenolic compounds using liquid 

chromatography-mass spectrometry (LC-MS) 

3.4.5.1 Sample preparation for gas chromatography-mass spectrometry (LC-MS) 

analysis 

Extraction/hydrolysis and derivatization of phenolic acids and flavonols was carried out 

using reported method of Tokusoglu et al. (2003). Hydrolysates were prepared in the similar 

way to that for HPLC analysis. Separately two mass analyzer i.e. Time of flight mass 

spectrometry (TOF –MS) and multiple reaction monitoring mass spectrometry (MRM-MS) 

were used for the LC-MS analysis of phenolics present in different cultivars of flaxseed. 
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Table 3.4   Analysis of phelonics by LC-MS (TOF) 

LC-MS system Q-tof Ultima Made by Waters 

Column YMC-Pack ODS AM-303, 250mm x 4.6mm x 5µm 

Mobile phase acetonitrile/2-propanol (40/60 v/v) 

Mobile flow rate 1.0 mL/min, Pressure 1750 psi 

Detector TOF- MS 

Software Masslynx 
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Table 3.5  Analysis of phenolics by LC-MS (MRM) 

LC-MS system 

Quattro Ultima 

Made by Waters 

Column YMC-Pack ODS AM-303, 250mm x 4.6mm x 5µm 

Mobile phase acetonitrile/2-propanol (40/60 v/v) 

Mobile flow rate 1.0 mL /min, Pressure 1750 psi 

Detector MRM – MS 

Software Mass-lynx 

 

3.5. Statistical analysis 

Three samples of each plant material were assayed. Each sample was analyzed 

individually in triplicate and data is reported as mean (n = 3 x 3 x1) ± SD (n = 3 x 3 x 1). 

Data were analyzed using analysis of variance ANOVA using Minitab 2000 Version 13.2 

statistical software (Minitab Inc. Pennysalvania, USA) at 5% significance level. 
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Chapter 4 

                                                                                                                            RESULTS 

Part I 

4.1 Analysis of oil extracted from different cultivars of flaxseed 

Table 4.1.1 Proximate analysis of different cultivars of flaxseed  

Parameters 

Cultivar 

Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

Oil content (%) 38.38±1.80 36.38±1.52 37.01±1.46 38.02±1.60 35.3±1.35 34.98±1.47 38.00±1.59 33.25±1.31 

Moisture content (%) 6.02±0.11 6.12±0.125 6.22±0.15 6.10±0.13 5.99±0.12 5.98±0.10 6.02±0.14 6.00±0.11 

Protein content (%) 17.00±0.52  18.00±0.45  17.98±0.63  16.02±0.62  16.62±0.54  18.50±0.56  17.99±0.39  17.86±0.48  

Fiber content (%) 26.80±1.22 26.80±0.98 26.00±1.06 25.5±1.14 23.5±0.88 23.3±1.16 25.75±1.06 23.68±1.14 

Ash content 3.60±0.12 3.55±0.11 3.50±0.11 3.50±0.13 3.21±0.12 3.26±0.14 3.58±0.14 3.40±0.16 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05) 
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Table 4.1.2 Physico-chemical properties of flaxseed oil extracted from different cultivars of flaxseed 

 

 

Physicochemical parameters 
Varieties 

 
Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

Refractive index (40 °C) 1.473±0.009 1.470±0.006 1.471±0.005 1.474±0.007 1.473±0.005 1.475±0.006 1.476±0.009 1.478±0.007 

Density g/mL (25 °C) 0.92±0.18 0.93±0.12 0.93±0.14 0.94±0.14 0.92±0.16 0.93±0.15 0.94±0.19 0.94±0.21 

Iodine Value g of I/100 g of 

oil 
198±3.96 199±4.26 195.9±3.24 201±4.39 195±3.85 196±4.96 197±3.68 199±3.88 

Unsap matter (%) 2.20±0.04 2.60±0.04 2.20±0.02 2.00±0.02 2.4±0.03 1.96±0.05 2.0±0.02 1.80±0.04 

Saponification value mg of 

KOH/100 g of oil 
189±2.8 187±3.3 185.9±3.7 186±3.5 185±4.6 186±3.7 187±3.9 184±4.7 

FFA (% as oleic acid) 1.40±0.03 1.58±0.04 1.64±0.02 1.40±0.03 1.73±0.05 1.72±0.04 1.45±0.02 1.73±0.05 

Peroxide value(meq/kg of oil) 1.0±0.02 1.2±0.03 1.3±0.02 1.0±0.04 1.3±0.03 1.2±0.02 1.2±0.03 1.4±0.05 

1cm ɛ1%   ( λ 232) 5.07±0.20 4.70±0.15 4.81±0.28 4.79±0.19 4.8±0.22 4.75±0.14 5.55±0.22 4.76±0.18 

1cm ɛ1%  ( λ 268) 1.80±0.08 2.00±0.09 1.90±0.08 1.60±0.04 1.50±0.05 1.80±0.07 1.70±0.05 1.40±0.06 

Para-anisidine value 1.13±0.05 1.41±0.05 1.40±0.06 1.29±0.05 1.36±0.05 1.42±0.06 1.48±0.05 1.32±0.04 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05) 
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Fig. 4.1.1 HPLC chromatogram showing the separation of tocopherols in oil extracted from Chandni (flaxseed) 
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Fig. 4.1.2 HPLC chromatogram showing the separation of tocopherols in oil extracted from LS-108 (flaxseed) 

 



49 
 

  
 

Fig. 4.1.3 HPLC chromatogram showing the separation of tocopherols in oil extracted from LS-105 (flaxseed) 
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Fig. 4.1.4 HPLC chromatogram showing the separation of tocopherols in oil extracted from LS-99 (flaxseed) 
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Fig. 4.1.5 HPLC chromatogram showing the separation of tocopherols in oil extracted from LS-33 (flaxseed) 
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Fig. 4.1.6 HPLC chromatogram showing the separation of tocopherols in oil extracted from LS-31 (flaxseed) 
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Fig. 4.1.7 HPLC chromatogram showing the separation of tocopherols in oil extracted from LS-29 (flaxseed) 
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Fig. 4.1.8 HPLC chromatogram showing the separation of tocopherols in oil extracted from LS-13 (flaxseed) 
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Table 4.1.3 Tocopherol contents in the oil extracted from different cultivars of flaxseed (mg/kg of oil) 

 

Parameters 

Cultivars 

Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

γ- tocopherol 204.0±5.0 217.8±4.8 179.6±5.8 173.7±5.5 201.3±6.2 192.2±4.9 257.9±5.6 190.8±4.3 

α –tocopherol 24.9 ± 0.2 20.4± 0.2 30.2 ± 0.2 18.4 ± 0.3 27.2 ± 0.3 20.9± 0.2 38.5 ±0.3 32.8± 0.3 

δ  -tocopherol ND ND ND ND ND ND ND ND 

 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05). ND   not detected 
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Fig 4.1.9 GC-FID Chromatogram showing separation of fatty acid in the oil extracted from Chandni (flaxseed) 
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Fig 4.1.10 GC-FID Chromatogram showing separation of fatty acid in the oil extracted from LS-108 (flaxseed) 
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Fig 4.1.11 GC-FID Chromatogram showing separation of fatty acid in the oil extracted from LS-105 (flaxseed) 
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Fig 4.1.12 GC-FID Chromatogram showing separation of fatty acid in the oil extracted from LS-99 (flaxseed) 
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Fig 4.1.13 GC-FID Chromatogram showing separation of fatty acid in the oil extracted from LS-33 (flaxseed) 
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Fig 4.1.14 GC-FID Chromatogram showing separation of fatty acid in the oil extracted from LS-31 (flaxseed) 
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Fig 4.1.15 GC-FID Chromatogram showing separation of fatty acid in the oil extracted from LS-29 (flaxseed) 
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Fig 4.1.16 GC-FID Chromatogram showing separation of fatty acid in the oil extracted from LS-13 (flaxseed) 
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Table 4.1.4 Fatty acid composition (g/100g of fatty acids) in different varieties of flaxseed 

Parameters 

Varieties 

Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

C 16:0 5.95± 0.0734 5.94± 0.007 5.8 ± 0.06 6.14± 0.072 6.11 ± 0.19 6.52± 0.01 6.27± 0.001 6.21 ± 0.03 

C 18:0 4.63 ± 0.042 4.7± 0.12 4.41 ± 0.039 4.97± 0.086 4.83 ±0.063 4.68± 0.06 4.58± 0.01 4.4 ± 0.04 

C 18:1 n9 30.46 ± 0.63 28.86 ± 0.53 26.25± 0.35 30.96± 0.47 21.05± 0.45 28.33± 0.56 24.09± 0.58 26.75± 0.59 

C 18:1 n7 1.69 ± 0.58 1.64± 0.51 1.61± 0.54 1.53± 0.41 1.46± 0.44 1.83± 0.64 1.69 ± 0.49 1.8 ± 0.63 

C 18:2 n6 11.26± 0.038 11.18 ± 0.01 7.63± 0.74 11.88± 0.21 11.68 ± 0.8 10.5± 0.01 10.08± 0.1 9.42 ± 0.13 

C 18:3 46.02±  0.105 47.67± 0.11 54.29± 0.44 44.51± 0.12 54.87± 0.01 48.13± 0.14 53.29± 0.02 51.41  ± 0.08 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05)  
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Part 2 

4.2: Effect of extraction techniques and solvents on the antioxidant activity of different flaxseed cultivar  

extracts  

4.2.1 Effect of solvents on the antioxidant of different flaxseed cultivar extracts prepared by shaking 

Table 4.2.1.1: Effect of extracting solvents (%) on the extract yield of different cultivars of Flaxseed 

 

Solvents 

Varieties 

Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

100% methanol 10.47 ± 0.52 10.42 ± 0.54 10.33 ± 0.30 9.98 ± 0.48 8.89 ± 0.45 6.75 ± 0.28 9.5 ± 0.51 5.98 ± 0.36 

80% methanol 13.02 ± 0.69 12.89 ± 0.32 13.21 ± 0.37 11.89 ± 0.21 10.49 ± 0.45 7.81 ± 0.31 11.67 ± 0.48 7.98 ± 0.38 

100% ethanol 9.43± 0.58 9.33 ± 0.12 9.87 ± 0.27 8.27 ± 0.23 7.90 ± 0.25 5.88 ± 0.44 7.48 ± 0.49 4.24 ± 0.31 

80% ethanol 10.75 ±  0.43 10.44 ±  0.38 10.29 ±  0.37 9.34 ±  0.32 8.98 ±  0.47 7.97 ±  0.48 9.04 ±  0.33 6.02 ± 0.13 

100% acetone 6.41 ± 0.46 6.25 ± 0.52 6.87 ± 0.98 6.27 ± 0.43 5.99 ± 0.15 4.94 ± 0.18 5.58 ± 0.15 4.16 ± 0.15 

80% acetone 7.88 ± 0.35 6.98 ± 0.18 7.18 ± 0.29 7.28 ± 0.30 6.88 ± 0.30 5.77 ± 0.27 6.81 ± 0.25 5.82 ± 0.24 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05) 
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 Table 4.2.1.2: Effect of extracting solvents on total phenolic contents (GAE mg/100g of dry matter) of the different cultivars of 

flaxseed 

Solvents 

Varieties 

Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

100% Methanol 2600± 45 2650 ± 70 2530 ± 75 2455 ± 55 2300 ± 90 2353 ± 65 2403 ± 60 2300 ± 85 

80% Methanol 2969 ±12 3009 ± 91 3021 ± 85 2820 ± 75 2632 ± 66 2598 ± 58 2703 ± 41 2529 ± 70 

100% Ethanol 1399 ± 40 1363.33 ± 61 1370± 49 1301 ± 35 1205 ±31 1199 ± 23 1303 ± 41 1307 ±36 

80% Ethanol 3181 ± 88 3164 ± 75 3184 ±101 3104± 58 2892 ± 66 2845 ± 69 2975 ± 82 2681 ± 81 

100% Acetone 2348 ± 48 2307 ± 86 2292 ± 53 2303 ± 66 2202 ±71 2250± 91 2290 ± 78 2285 ± 59 

80% Acetone 2456 ± 70 2395 ± 83 2403± 63 2296 ± 79 2023 ± 72 2106 ± 60 2068.± 99 2084 ± 94 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05) 
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Table 4.2.1.3 Effect of extracting solvents on total flavonoid contents (CE mg/100g of dry matter) of the different cultivars of 

flaxseed 

Solvents 
 

   Varieties 
     

Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

100% methanol 320.6 ±10.0 315.6 ± 5.1 298 ± 12.7 274 .0± 11.5 219.6 ± 6.0 201.6± 9.0 257.0 ± 9.8 189 .0± 7.8 

80% methanol 460.3± 23.0 414.33 ± 1.9 428.5 ± 21.2 399 .0± 18.2 352 .0± 18.0 274 .0± 11.5 286.3 ± 5.5 251.3 ± 8.6 

100% ethanol 125.6 ± 8.6 201.3 ± 6.0 191 .0± 8.3 162.6 ± 5.5 174.0 ± 5.2 120.0± 4.5 129.5 ± 4.8 99.3 ± 3.0 

80% ethanol 371.3 ± 4.1 342.0 ± 2.6 329 .0± 3.6 326.3 ± 3.7 296.2.2 ± 1.9 231.0 ± 3.0 219.3± 1.5 201.3 ± 2.5 

100% acetone 146 .0± 8.5 115.0 ± 5.9 133 .0± 10.1 123.6 ± 6.1 98 .5 ± 8.1 94.8 ± 6.5 126.6± 7.5 98.3 ± 3.5 

80% acetone 158.6 ± 5.1 185.3± 6.1 176.0 ± 4.5 130.6± 7.1 125.0 ± 12.6 99.3±5.8 132.6± 6.3 108.3 ± 1.5 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05) 
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Fig. 4.2.1.1 Effect of extracting solvents on the Free radical scavenging activity of the extracts of different cultivars of Flaxseed. All 

the experiments were performed in triplicate and the values represented as mean ± SD 
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Fig. 4.2.1.1 Effect of extracting solvents on inhibition of peroxidation of the extracts of different cultivars of Flaxseed. All the 

experiments were performed in triplicate and the values represented as mean ± SD 
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Table 4.2.1.4 Effect of extraction power on the reducing power of different flaxseed extracts 

Solvents 

    
Varieties 

    

Concentration 

(%) 
Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

100% Methanol 0 0.009 ± 0.002 0.009 ± 0.001 0.008 ± 0.003 0.005 ± 0.001 0.009 ± 0.002 0.007 ± 0.003 0.007 ± 0.002 0.009 ± 0.001 

 
2.50 0.197 ± 0.01 0.192 ± 0.008 0.19 ± 0.009 0.191 ± 0.009 0.187 ± 0.007 0.181 ± 0.008 0.191 ± 0.01 0.183 ± 0.006 

 
5 0.521 ± 0.026 0.511 ± 0.014 0.52 ± 0.018 0.715 ± 0.021 0.504 ± 0.015 0.501 ± 0.019 0.517 ± 0.022 0.504 ± 0.012 

 
7.50 0.752 ± 0.031 0.745 ± 0.024 0.748 ± 0.019 0.739 ± 0.026 0.72 ± 0.028 0.715 ± 0.022 0.739 ± 0.032 0.714 ± 0.021 

 
10 1.338 ± 0.044 1.337 ± 0.052 1.336 ± 0.055 1.32 ± 0.061 1.313 ± 0.038 1.309 ± 0.059 1.325 ± 0.062 1.317 ± 0.072 

80% Methanol 0 0.009 ± 0.001 0.006 ± 0.002 0.007 ± 0.003 0.008 ± 0.005 0.007 ± 0.001 0.007 ± 0.002 0.008 ± 0.003 0.008 ±0.004 

 
2.5 0.285 ± 0.012 0.283 ± 0.014 0.281 ± 0.006 0.265 ± 0.011 0.257 ± 0.009 0.257 ± 0.012 0.271 ±  0.02 0.254 ± 0.01 

 
5 0.668 ± 0.023 0.762 ± 0.032 0.67 ± 0.028 0.61 ± 0.021 0.601 ± 0.028 0.601 ± 0.018 0.65 ± 0.031 0.61 ± 0.027 

 
7.5 0.952 ± 0.036 0.949 ± 0.032 0.945 ± 0.028 0.859 ± 0.032 0.845 ± 0.042 0.84 ± 0.039 0.91 ± 0.034 0.858 ± 0.031 

 
10 1.354 ± 0.042 1.358 ± 0.051 1.35 ± 0.028 1.332 ± 0.038 1.093 ± 0.046 1.095 ± 0.054 1.285 ± 0.059 1.097 ± 0.034 

100% Ethanol 0 0.006 ± 0.001 0.006 ± 0.002 0.005 ± 0.001 0.004 ± 0.002 0.006 ± 0.003 0.002 ± 0.002 0.005 ± 0.001 0.006 ± 0.003 

 
2.5 0.244 ± 0.006 0.22 ± 0.011 0.25 ± 0.008 0.211 ± 0.012 0.159 ± 0.008 0.139 ± 0.01 0.199 ± 0.013 0.132 ± 0.009 

 
5 0.752 ± 0.021 0.71 ± 0.018 0.725 ± 0.028 0.715 ± 0.032 0.62 ± 0.025 0.63 ± 0.017 0.68 ± 0.035 0.625 ± 0.037 

 
7.5 0.981 ±  0.37 0.99 ± 0.045 0.92 ± 0.051 0.93 ± 0.035 0.811 ± 0.026 0.801 ± 0.048 0.88 ± 0.042 0.841 ± 0.037 

 
10 1.278 ± 0.064 1.289 ± 0.058 1.278 ± 0.046 1.264 ± 0.039 1.088 ± 0.054 1.084 ± 0.048 1.198 ± 0.068 1.081 ± 0.051 
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All the experiments were performed in triplicate and the values represented as mean ± SD  

 

Table 4.2.1.4 continued from Page 69 

80% Ethanol 0 0.008 ± 0.002 0.006 ± 0.001 0.005 ± 0.003 0.006 ± 0.001 0.005 ± 0.002 0.006 ± 0.003 0.005 ± 0.002 0.006 ± 0.004 

 
2.5 0.42 ± 0.018 0.41 ± 0.012 0.425 ± 0.016 0.401 ± 0.021 0.325 ± 0.011 0.321 ± 0.015 0.395 ± 0.017 0.325 ± 0.019 

 
5 0.95 ±  0.032 0.92 ± 0.041 0.932 ± 0.048 0.921 ± 0.028 0.814 ± 0.036 0.81 ± 0.045 0.85 ± 0.051 0.814 ± 0.033 

 
7.5 1.128 ± 0.047 1.131 ± 0.038 1.129 ± 0.052 1.098 ± 0.042 1.031 ± 0.028 1.024 ± 0.032 1.05 ± 0.022 1.03 ± 0.055 

 
10 1.578 ± 0.052 1.558 ± 0.044 1.548 ± 0.062 1.501 ± 0.068 1.421 ± 0.035 1.42 ± 0.056 1.598 ± 0.061 1.421± 0.59 

100% Acetone 0 0.009 ± 0.003 0.009 ± 0.002 0.008 ± 0.003 0.009 ± 0.004 0.009 ± 0.002 0.004 ± 0.001 0.007 ± 0.001 0.009 ± 0.002 

 
2.5 0.157 ± 0.003 0.192 ± 0.008 0.194 ± 0.007 0.181 ± 0.012 0.167 ± 0.009 0.161 ± 0.011 0.159 ± 0.012 0.153 ± 0.009 

 
5 0.501 ± 0.024 0.511 ± 0.018 0.52 ± 0.016 0.512 ± 0.012 0.497 ± 0.019 0.492 ± 0.021 0.494 ± 0.015 0.485 ± 0.017 

 
7.5 0.723 ± 0.025 0.745 ± 0.021 0.748 ± 0.031 0.729 ± 0.036 0.701 ± 0.041 0.71 ± 0.028 0.71 ± 0.032 0.701 ± 0.047 

 
10 0.95 ± 0.052 0.969 ± 0.047 0.961 ± 0.044 0.951 ± 0.046 0.932 ± 0.031 0.922 ± 0.029 0.925 ± 0.041 0.921 ± 0.036 

80% Acetone 0 0.005 ± 0.001 0.005 ± 0.002 0.005 ± 0.002 0.008 ± 0.004 0.007 ± 0.003 0.007 ± 0.002 0.008 ± 0.004 0.008 ± 0.001 

 

2.5 0.189 ± 0.005 0.285 ± 0.011 0.277 ± 0.012 0.275 ± 0.009 0.248 ± 0.007 0.241 ± 0.013 0.275 ± 0.011 0.248 ± 0.008 

 
5 0.62 ± 0.021 0.625 ± 0.018 0.621 ± 0.015 0.609 ± 0.024 0.59 ± 0.017 0.594 ± 0.026 0.66 ± 0.025 0.596 ± 0.019 

 
7.5 0.999 ± 0.034 0.989 ± 0.026 0.988 ± 0.029 0.847 ± 0.031 0.845 ± 0.033 0.843 ± 0.022 0.89 ± 0.038 0.84 ± 0.037 

 
10 0.991 ± 0.042 0.969 ± 0.022 0.991 ± 0.041 0.971 ± 0.036 0.952 ± 0.044 0.949 ± 0.029 0.970 ± 0.037 0.941± 0.032 
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Table 4.2.1.5 Relationship between different antioxidant assays and presence of phenolic compounds as described by 

correlation coefficient 

Variables TPC TFC DPPHº Scavenging 
Inhibition of 

perxidation 
Reducing Power 

TPC - 0.7231 0.9042 0.8291 0.7867 

TFC 0.7231 - 0.7020 0.8443 0.7534 

DPPHº Scavenging 0.9042 0.7020 - 0.7905 0.7722 

Inhibition of perxidation 0.8291 0.8443 0.7905 - 0.7762 

Reducing Power 0.7867 0.7534 0.7722 0.7762 - 
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4.2.2: Effect of solvents on the antioxidant activity of different flaxseed cultivar extracts prepared by sonication assisted 

shaking 

Table 4.2.2.1: Effect of extracting solvents (%) on the extract yield of different cultivars of Flaxseed 

Solvents 
  

Varieties 
     

Chandni LS-108 LS-105 LS-99 LS-33 LS -31 LS- 29 LS -13 

100% Methanol 13.90±0.41 12.53±0.35 12.60±0.25 11.03±0.19 07.09±0.29 07.99±0.32 10.50±0.40 06.99±0.21 

80% Methanol 16.00±0.32 14.79±0.40 15.02±0.25 13.80±0.20 08.92±0.20 08.92±0.19 12.05±0.42 08.12±0.23 

100%Ethanol 11.45±0.33 11.32±0.40 11.78±0.23 10.29±0.35 05.89±0.20 05.59±0.18 08.50±0.21 05.40±0.19 

80%  Ethanol 13.53±0.40 13.20±0.33 13.49±0.21 12.34±0.15 07.08±0.31 07.18±0.45 10.02±0.47 06.90±0.27 

100%Acetone 06.92±0.12 06.81±0.20 06.97±0.27 06.90±0.30 05.98±0.11 05.48±0.21 06.90±0.19 04.08±0.24 

80% Acetone 08.03±0.25 08.00±0.34 08.29±0.19 08.01±0.40 06.92±0.21 06.32±0.15 08.02±0.23 05.78±0.12 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05).   
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Table 4.2.2.1: Effect of extracting solvents on total phenolic contents (GAE mg/100g of dry matter) of the different cultivars of 

flaxseed 

Solvents 
   

Varieties 
    

Chandni LS-108 LS -105 LS -99 LS -33 LS- 31 LS -29 LS -13 

100% Methanol 2658±49.00 2690±58.68 2640±67.35 2556±52.09 2380±39.89 2368±41.09 2292±64.68 2153±60.80 

80% Methanol 3050±98.54 3031±97.81 3035±83.29 2914±74.25 2696±49.80 2689±59.68 2624±78.08 2490±82.84 

100% Ethanol 1449±62.50 1468±58.59 1461±49.28 1409±51.05 1285±61.69 1278±48.29 1208±54.30 1225±67.29 

80% Ethanol 3251±128.50 3286±138.30 3249±119.02 3202±126.00 2958±99.02 2943±81.09 2740±114.50 2560±71.84 

100% Acetone 2390±86.19 2381±89.02 2358±73.00 2309±69.28 2165±59.28 2268±65.29 1831±95.90 1902±52.87 

80% Acetone 2552±83.61 2490±73.69 2502±91.05 2399±98.08 2319±88.25 2321±98.84 2169±102.20 2043±99.08 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05).   
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Table 4.2.2.3: Effect of extracting solvents on total flavonoid contents (CAE mg/100g of dry matter) of the different cultivars             

of flaxseed 

Solvents 
   

Cultivars 
    

Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

100% methanol 415.67 ± 15.67 422.70 ± 19.13 419 ± 12.77 399.31 ± 10.53 340.67 ± 9.03 398.67 ± 13.07 317.27 ± 17.85 285.76 ± 7.81 

80% methanol 509.39± 23.03 520.33 ± 19.59 511.5 ± 21.27 489.24 ± 15.25 392 ± 20.08 422.05 ± 11.53 394.40 ± 14.51 351.22 ± 10.62 

100% ethanol 209.73 ± 9.16 236.48 ± 2.65 195.56 ± 5.61 186.33 ± 11.79 165.96 ± 4.91 171.33 ± 7.00 147.43 ± 13.53 141.18 ± 8.52 

80% ethanol 321.67 ± 8.62 346.67 ± 6.03 342.91 ± 10.36 319.67 ± 14.51 284.12 ± 5.29 325.52 ± 4.58 294.05 ± 10.82 232.53 ± 10.06 

100% acetone 186.95 ± 4.54 207.14 ± 5.29 193.76 ± 8.15 183.83 ± 6.11 176.80 ± 5.19 138.65 ± 9.56 124.87 ± 7.51 128.33 ± 3.51 

80% acetone 302.62 ± 5.13 290.36 ± 10.11 295.44 ± 7.58 286.47 ± 11.13 227.20  ± 6.65 232.24 ±4.48 194.72 ± 9.35 158.42 ± 7.53 

 

        

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05).   
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Fig. 4.2.2.1 Effect of extracting solvents on the Free radical scavenging activity of the extracts of different cultivars of Flaxseed. 

All the experiments were performed in triplicate and the values represented as mean ± SD 
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Fig. 4.2.2.2 Effect of extracting solvents on the inhibition of linoleic peroxidation of the extracts of different cultivars of Flaxseed. 

All the experiments were performed in triplicate and the values represented as mean ± SD 
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Table 4.2.2.4 Effect of ectraction solvents on the reducing power of different flaxseed extracts prepared by sonication assisted 

shaking 

Solvents 

    
Varieties 

    

Concentration 

(%) 
Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

100% Methanol 0 0.009 ± 0.002 0.009 ± 0.001 0.008 ± 0.003 0.005 ± 0.001 0.009 ± 0.002 0.007 ± 0.003 0.007 ± 0.002 0.009 ± 0.001 

 
2.50 0.198 ± 0.01 0.192 ± 0.008 0.192 ± 0.009 0.195 ± 0.009 0.190 ± 0.007 0.186 ± 0.008 0.195 ± 0.01 0.190 ± 0.006 

 
5 0.531 ± 0.026 0.519 ± 0.014 0.531 ± 0.018 0.722 ± 0.021 0.534 ± 0.015 0.511 ± 0.019 0.522 ± 0.022 0.516 ± 0.012 

 
7.50 0.762 ± 0.031 0.752 ± 0.024 0.756 ± 0.019 0.747 ± 0.026 0.732 ± 0.028 0.732 ± 0.022 0.742 ± 0.032 0.754 ± 0.021 

 
10 1.121 ± 0.042 1.074 ± 0.022 1.125± 0.041 0.985 ± 0.036 0.9762 ± 0.044 0.969 ± 0.029 0.999 ± 0.037 0.971± 0.032 

80% Methanol 0 0.009 ± 0.001 0.006 ± 0.002 0.007 ± 0.003 0.008 ± 0.005 0.007 ± 0.001 0.007 ± 0.002 0.008 ± 0.003 0.008 ±0.004 

 
2.5 0.295 ± 0.012 0.303 ± 0.014 0.296 ± 0.006 0.274 ± 0.011 0.270 ± 0.009 0.265 ± 0.012 0.2821 ±  0.02 0.265 ± 0.01 

 
5 0.768 ± 0.023 0.812 ± 0.032 0.784 ± 0.028 0.762 ± 0.021 0.681 ± 0.028 0.701 ± 0.018 0.695 ± 0.031 0.681 ± 0.027 

 

7.5 0.992 ± 0.036 0.976 ± 0.032 0.985 ± 0.028 0.920 ± 0.032 0.895 ± 0.042 0.920 ± 0.039 0.952 ± 0.034 0.881 ± 0.031 

 
10 1.542 ± 0.042 1.458 ± 0.051 1.406 ± 0.028 1.432 ± 0.038 1.293 ± 0.046 1.195 ± 0.054 1.385 ± 0.059 1.187± 0.034 

100% Ethanol 0 0.006 ± 0.001 0.006 ± 0.002 0.005 ± 0.001 0.004 ± 0.002 0.007 ± 0.003 0.003 ± 0.002 0.005 ± 0.001 0.006 ± 0.003 

 
2.5 0.42 ± 0.018 0.41 ± 0.012 0.425 ± 0.016 0.401 ± 0.021 0.325 ± 0.011 0.321 ± 0.015 0.395 ± 0.017 0.325 ± 0.019 

 
5 0.95 ±  0.032 0.92 ± 0.041 0.932 ± 0.048 0.921 ± 0.028 0.814 ± 0.036 0.81 ± 0.045 0.85 ± 0.051 0.814 ± 0.033 

 
7.5 1.108 ± 0.047 1.112 ± 0.038 1.119 ± 0.052 1.078 ± 0.042 1.013 ± 0.028 1.040 ± 0.032 0.945 ± 0.022 0.884 ± 0.055 
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All the experiments were performed in triplicate and the values represented as mean ± SD 

 
Table 4.2.2.4 continued from Page 77 

 
10 1.578 ± 0.052 1.558 ± 0.044 1.548 ± 0.062 1.501 ± 0.068 1.421 ± 0.035 1.42 ± 0.056 1.598 ± 0.061 1.421± 0.59 

80% Ethanol 0 0.008 ± 0.002 0.006 ± 0.001 0.005 ± 0.003 0.006 ± 0.001 0.005 ± 0.002 0.006 ± 0.003 0.005 ± 0.002 0.006 ± 0.004 

 
2.5 0.262 ± 0.006 0.274 ± 0.011 0.242 ± 0.008 0.233 ± 0.012 0.171 ± 0.008 0.151 ± 0.01 0.212 ± 0.013 0.186 ± 0.009 

 
5 0.963 ± 0.021 0.961 ± 0.018 0.952 ± 0.028 0.943 ± 0.032 0.962 ± 0.025 0.994 ± 0.017 0.887 ± 0.035 0.842 ± 0.037 

 
7.5 1.372 ± 0.064 1.398 ± 0.058 1.381 ± 0.046 1.356 ± 0.039 1.397 ± 0.054 1.184 ± 0.048 1.209 ± 0.068 1.18 ± 0.051 

 
10 1.628 ± 0.052 1.646 ± 0.044 1.662 ± 0.062 1.617 ± 0.068 1.691 ± 0.035 1.462 ± 0.056 1.471 ± 0.061 1.501± 0.59 

100% Acetone 0 0.009 ± 0.003 0.009 ± 0.002 0.008 ± 0.003 0.009 ± 0.004 0.009 ± 0.002 0.004 ± 0.001 0.007 ± 0.001 0.009 ± 0.002 

 
2.5 0.162 ± 0.003 0.202 ± 0.008 0.194 ± 0.007 0.196 ± 0.012 0.189 ± 0.009 0.172 ± 0.011 0.164 ± 0.012 0.161 ± 0.009 

 
5 0.610 ± 0.024 0.643 ± 0.018 0.662 ± 0.016 0.624 ± 0.012 0.562 ± 0.019 0.542 ± 0.021 0.532 ± 0.015 0.524 ± 0.017 

 
7.5 0.736 ± 0.025 0.764 ± 0.021 0.771 ± 0.031 0.749 ± 0.036 0.721 ± 0.041 0.719 ± 0.028 0.718 ± 0.032 0.701 ± 0.047 

 
10 0.972 ± 0.052 0.984 ± 0.047 0.991 ± 0.044 0.982 ± 0.046 0.992 ± 0.031 0.962 ± 0.029 0.946 ± 0.041 0.932 ± 0.036 

80% Acetone 0 0.005 ± 0.001 0.005 ± 0.002 0.005 ± 0.002 0.008 ± 0.004 0.007 ± 0.003 0.007 ± 0.002 0.008 ± 0.004 0.008 ± 0.001 

 
2.5 0.209 ± 0.005 0.351 ± 0.011 0.327 ± 0.012 0.315 ± 0.009 0.338 ± 0.007 0.331 ± 0.013 0.351 ± 0.011 0.248 ± 0.008 

 
5 0.682 ± 0.021 0.692 ± 0.018 0.693 ± 0.015 0.658 ± 0.024 0.621 ± 0.017 0.694 ± 0.026 0.682 ± 0.025 0.596 ± 0.019 

 
7.5 1.023 ± 0.034 1.042 ± 0.026 1.049 ± 0.029 1.172 ± 0.031 0.945 ± 0.033 0.934 ± 0.022 0.992± 0.038 0.84 ± 0.037 

 
10 1.138 ± 0.044 1.127 ± 0.052 1.116 ± 0.055 1.132 ± 0.061 1.121 ± 0.038 1.109 ± 0.059 1.125 ± 0.062 1.107 ± 0.072 
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Table 4.2.2.5 Relationship between different antioxidant assays and presence of phenolic compounds as described by 

correlation coefficient 

Variables TPC TFC DPPHº Scavenging 
Inhibition of 

perxidation 
Reducing Power 

TPC - 0.7115 0.8769 0.8925 0.7913 

TFC 0.7115 - 0.7672 0.8759 0.7342 

DPPHº Scavenging 0.8769 0.7672 - 0.8780 0.7342 

Inhibition of perxidation 0.8925 0.8759 0.8780 - 0.7939 

Reducing Power 0.7913 0.7342 0.7342 0.7939 - 
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Part III  

4.3 HPLC Analysis of phenolic compounds present in different cultivars of flaxseed  

 

 

    Fig 4.3.1 HPLC chromatogram showing the separation of phenolics in Chandni (flaxseed) 
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       Fig 4.3.2 HPLC chromatogram showing the separation of phenolics in LS-108 (flaxseed) 
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Fig 4.3.3 HPLC chromatogram showing the separation of phenolics in LS-105 (flaxseed) 
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Fig 4.3.4 HPLC chromatogram showing the separation of phenolics in LS-99 (flaxseed) 
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Fig 4.3.5 HPLC chromatogram showing the separation of phenolics in LS-33 (flaxseed) 
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       Fig 4.3.6 HPLC chromatogram showing the separation of phenolics in LS-31 (flaxseed) 
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Fig 4.3.7 HPLC chromatogram showing the separation of phenolics in LS-29 (flaxseed) 
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       Fig 4.3.8 HPLC chromatogram showing the separation of phenolics in LS-13 (flaxseed) 
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Table 4.3.1 Phenolic compounds as identified by comparison of retention times (analyzed by HPLC) 

Peak No. 
Retention times  

(min) 
Peak assignment 

1 6.25-7.1 Gallic acid 

2 9.4-9.88 Unidentified 

3 13.0-13.7 Unidentified 

4 24.5-24.95 Hydroxybenzoic acid 

5 25.1-25.6 SDG 

6 25.6-26.3 Caffeic acid 

7 26.0-27.25 SECO 

8 27.0-27.6 Coumeric acid 

9 27.6-27.9 Ferulic acid 

10 28.35-29.02 Benzoic acid 

11 29.5-30.1 Cinnamic acid 

12 30.2-30.5 Kampherol 

13 30.6-31.0 TBHQ (IS) 
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Table 4.3.2 Contents of phenolics (mg/ 100 g of dry matter) of different flaxseed cultivars quantified by HPLC 

Phenolics 
   

Cultivars 
    

Chandni LS-108 LS-105 LS-99 LS-33 LS-31 LS-29 LS-13 

Gallic Acid 4.41 ± 0.18 5.26 ± 0.12 13.16 ± 0.27 1.89 ± 0.11 2.27 ± 0.08 1.47 ± 0.12 2.83 ± 0.10 ND 

Hydroxy 

benzoic acid 
17.68 ±  0.21 16.7 ± 0.18 89.1 ± 1.73 6.86 ± 0.15 9.89 ± 0.23 66.74 ± 0.36 16.21 ± 0.13 19.04 ±0.18 

SDG 117.15 ± 0.95 91.11 ± 0.64 33.77 ± 0.56 124.27 ± 0.62 14.78 ± 0.22 42.45 ± 0.56 89.95 ± 0.92 77.12 ± 0.59 

Caffeic acid 67.9 ± 0.66 ND 53.08 ± 0.62 131.4 ± 0.98 23.81 ± 0.27 36.44 ± 0.42 101.62 ± 1.33 45.6 ± 0.58 

SECO 485.37 ± 6.82 949.3 ± 8.47 396.49 ± 4.27 1317 ±19.42  1518.2 ± 9.33 574.73 ± 4.72 688.22 ± 6.22 569.1 ± 5.54 

Coumeric acid ND 273.87 ± 3.38 140.08 ± 2.72 44.76 ± 0.56 ND ND 102.34 ± 0.92 ND 

Ferulic acid 27.55 ± 0.39 122.54 ± 1.38 78.05 ± 0.99 127.2 ± 1.44 ND ND 15.22 ± 0.25 40.86 ± 0.76 

Cinnamic acid 8.37 ± 0.98 6.25 ± 0.53 95.73 ± 1.38 8.71 ± 0.92 4.32 ± 0.58 5.14 ± 0.14 23.1 ± 0.18 15.89 ± 0.23 

Benzoic acid 15.47 ± 0.24 62.56 ± 0.72 35.32 ± 0.44 10.59 ± 0.20 ND 12.56 ± 0.14 37.92 ± 0.42 11.67 ± 0.18 

Kampherol 6.84 ± 0.85 28.51 ± 0.64 9.84 ± 0.36 10.38 ± 0.32 2.79 ± 0.10 13.66 ± 0.26 6.06 ± 0.14 3.18 ± 0.15 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05).  ND = Not detected 
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 Part IV  

4.4 LC-MS Analysis of phenolic compounds present in different cultivars of flaxseed  

4.4.1 LC-TOF-MS analysis of phenolic compounds present in different cultivars of flaxseed  

 

Fig 4.4.1.1 LC-TOF-MS chromatogram showing the separation of phenolics in Chandni (flaxseed) 
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Fig 4.4.1.2 LC-TOF-MS chromatogram showing the separation of phenolics in LS-108 (flaxseed) 
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  Fig 4.4.1.3 LC-TOF-MS chromatogram showing the separation of phenolics in LS-105 (flaxseed) 
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Fig 4.4.1.4 LC-TOF-MS chromatogram showing the separation of phenolics in LS-99 (flaxseed) 
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Fig 4.4.1.5 LC-TOF-MS chromatogram showing the separation of phenolics in LS-33 (flaxseed) 
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Fig 4.4.1.6 LC-TOF-MS chromatogram showing the separation of phenolics in LS-31 (flaxseed) 
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Fig 4.4.1.7 LC-TOF-MS chromatogram showing the separation of phenolics in LS-29 (flaxseed) 
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    Fig 4.4.1.8 LC-TOF-MS chromatogram showing the separation of phenolics in LS-13 (flaxseed) 
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 4.4.2 LC-MRM-MS analysis of phenolic compounds present in different cultivars of flaxseed  

 

         Fig 4.4.2.1 LC-MRM-MS chromatogram showing the separation of phenolics in Chandni (flaxseed) 
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         Fig 4.4.2.2 LC-MRM-MS chromatogram showing the separation of phenolics in Chandni (flaxseed) 

    



101 
 

 

                Fig 4.4.2.3 LC-MRM-MS chromatogram showing the separation of phenolics in LS-105 (flaxseed) 
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       Fig 4.4.2.4 LC-MRM-MS chromatogram showing the separation of phenolics in LS-99 (flaxseed) 
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                Fig 4.4.2.5 LC-MRM-MS chromatogram showing the separation of phenolics in LS-33 (flaxseed) 
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        Fig 4.4.2.6 LC-MRM-MS chromatogram showing the separation of phenolics in LS-31 (flaxseed) 
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       Fig 4.4.2.7 LC-MRM-MS chromatogram showing the separation of phenolics in LS-29 (flaxseed) 
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Fig 4.4.2.8 LC-MRM-MS chromatogram showing the separation of phenolics in LS-13 (flaxseed) 
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Table 4.4.2.1 Phenolic compounds identified in LC-MRM-MS 

Polyphenols Retention time 
Observed m/z  

(parent ion peak) 
Major Fragments 

Gallic acid 4.00 170.9 125 

Caffeic acid 6.49 179 165, 122.9,138.9 

Coumeric acid 
11.76 164.9 122.9, 148.2 

Ferulic acid 
14.24 194.9 134, 148.2, 164.9 

Sinapic acid 
18.02 225 148.2, 194.9 

chlorogenic acid 
21.69 354.3 148.2, 179, 191 

SDG 
21.72 687.2 584.3,  549.7, 363.1 

SECO 
10.47 363.1 321.1, 345.2 

Kampherol 
30.5 287.2 225, 194.9, 138.9 
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Table 4.4.2 .2 Contents of phenolics (mg/ 100 g of dry matter) of different flaxseed cultivars quantified by LC-MS 

Phenolics 
   

Cultivars 
    

Chandni LS-13 LS-105 LS-108 LS-99 LS-33 LS-31 LS-29 

Gallic acid 11.98 ±0.24 12.00±0.23 38.08±0.25 70.42±0.21 34.17±0.30 36.10±0.25 6.64±0.22 25.56±0.28 

Caffeic 

acid 
1.38±0.03 1.80±0.04 1.44±0.02 2.34±0.04 5.28±0.03 2.43±0.02 1.58±0.05 1.27±0.03 

Coumeric 

acid 
40.68±0.45 26.85±0.54 23.22±0.41 62.44±0.93 107.60±1.07 59.92±0,75 43.48±0.063 14.37±0.03 

Ferulic 

acid 
103.71±2.07 44.93±1.02 48.60±0.89 128.82±2.34 123.54±2.80 162.11±3.24 106.53±2.01 46.78±0.99 

Sinapic 

acid 
47.28±1.25 55.84±1.50 25.06±0.58 6.80±0.17 23.92±0,70 27.21±0.10 31.98±0,85 22.42±0.50 

chlorogenic 

acid 
316.36±6.35 52.18±0.98 110.85±1.70 185.68±1.90 147.46±1.47 284.87±4.28 116.47±1.73 44.60±0.98 

SDG 281.66±5.60 62.63±2.22 111.05±1.60 303.25±6.48 227.56±5.12 398.60±7.01 225.91±5.98 59.43±1.19 

SECO 1050.21±21.01 558.23±8.25 1172.64±22.35 1681.42±20.89 1007.13±21.5 2579.70±23.07 1174.11±21.09 637.62±8.38 

Kampherol 25.11±0.29 7.12±0.18 16.66±1.50 31.75±0.39 125.22±2.50 53.19±1.90 34.73±0.80 5.23±0.15 

Values (mean ± SD) are average of three samples of each cultivar, analyzed individually in triplicate (n = 1 x 3 x 3), (P<0.05).  ND = Not detected 
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Chapter 5 

 

                                                                                        DISCUSSION 

In the present study, eight cultivars of flaxseed grown in different regions of Pakistan, 

namely, Chandni, LS-108, LS-105, LS-99, LS-33, LS-31, LS-29 and LS-13 were analyzed 

for their valuable nutrients, bioactive components and antioxidant potentials. Flaxseed is an 

important crop grown in the region of Pakistan for historical time. However its nutritional 

importance has not been explored. Hence, the compositional analysis of locally grown 

cultivars of flaxseed is of great importance for its utilization for commercial and consumer 

dietary perspectives.  

5.1 Analysis of oil extracted from different cultivars of flaxseed 

From the flaxseeds of different cultivars grown in Pakistan, oil was extracted by using Folch 

method. Up to our knowledge there is no report about the characterization of oil extracted 

from Pakistani cultivars of flaxseed. 

5.1.1 Proximate Analysis 

The knowledge of the proximate composition of cereals, grains and fruits and vegetables, 

being essential ingredients of human diet is of so much importance, especially when 

determining their functional food applications. A number of proximate parameters covering 

the physicochemical characteristics of different food grains are of great concern (Wanyo et 

al., 2009). Such compositional data provide an understanding about the factors that establish 

of properties of grains to ensure it safe, nutritous and desirable for consumers from dietary 

perspectives. 

Prior to extraction of oil or antioxidant components the oil seeds were analyzed for 

the proximate nutrient composition. The data obtained for proximate analysis of flaxseeds of 

eight different cultivars grown in Pakistan are presented in Table 4.1.1. Oil contents were 

found to be in the range of 33.25 to 38.38%. Chandni was observed to have the highest oil 

contents (38.38%) followed by LS-99 (38.02%), LS-29 (38.00%), LS-105 (37.09%), LS-108 
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(36.38%), LS-33 (35.30%), LS-31 (34.98%) and LS-13 (33.25%), respectively. The results 

show that there was a significant difference in the oil contents among different cultivars 

(p<0.05). The oil contents in the Pakistani cultivars are comparable to those grown in 

Canada, North America and Egypt i.e. 36%, 31.9 to 37.8% and 36-39%, respectively (Oomah 

and Mazza, 1998; Hettiarachchy et al., 1990; El-Beltagi et al., 2007). However, the contents 

are lower than those reported in Polish and German cultivars i.e. 41.4% and 45.2%, 

respectively (Kozlowska, 1989; Mueller et al., 2010). Wakjira et al. (2004) reported oil 

contents between 29.1% and 35.9%, among flaxseed cultivars grown in Ethiopia.  

The moisture, crude protein, fiber and ash contents in the seeds of different cultivars 

of flaxseed were observed to range from 5.98 to 6.22%, 16.02 to 18.50%, 23.30 to 26.80% 

and 3.21 to 3.60%, respectively. There was no significant difference in moisture content for 

seeds of different cultivars (p>0.05). However, the crude protein, fiber and ash contents 

varied significantly in the seeds of different cultivars of flax (p<0.05). Generally, the protein 

contents increased with the decrease in the oil contents. Depending on the cultivar and 

growing conditions, flaxseed has been reported to contain an average of 23% to 34% protein, 

4% ash and 5% viscous fiber (Muir and Westcott, 2003). Our results are comparable to the 

previous reports about flaxseed cultivars grown in different regions in the world, in which 

protein contents in Polish, North American and German cultivars have been reported to be 

well above 20%, while for Canadian cultivars ranged below 20% (Kozlowska, 1989; 

Hettiarachchy et al., 1990; Mueller et al., 2010; Oomah and Mazza, 1998). Khategaon 

cultivar grown in India has been reported to have a protein content of 21.9% (Madhusudhan 

and Singh, 1983). Crude fiber content in different flaxseed residues has been reported to be 

in the range of 7-10% (Gutierrez et al. 2010; Korsrud et al., 1978). The results for ash 

contents in the flax seed residue are consistent with those reported by Gutierrez et al. (2010) 

i.e. 3.4% however, significantly lesser than those reported by Mueller et al. (2010) i.e. 6.4 %. 

The difference in oil, crude protein, fiber and ash contents of flax seed of different 

cultivars might be due to the different growing conditions and genetics of plants (Oomah and 

Mazza, 1993, Daun et al., 2003). 
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5.1.2 Physicochemical properties of flaxseed oil 

The physicochemical parameters determined for the oils extracted from eight different 

cultivars of flaxseeds are presented in Table 4.1.2. The results indicated the refractive index 

(40 °C) and density (25°C) to be in the range of 1.470 to 1.478 and 0.92 to 0.94 mg/mL with 

no significant difference for the oils of different cultivars (p>0.05). Our findings are 

consistent with the previous reports in which the refractive index at 20 ºC has been reported 

to 1.475 while the density of flaxseed oil at 25 ºC has been reported to be 0.925 to 0.935 

(Przybylski, 2005).The density is higher than other vegetable oils, and might be attributed to 

the high contents of linolenic acid (Green and Marshall, 1981). The density of fatty acid has 

been reported to be in increasing order as oleic acid (0.895) < linoleic acid (0.9038) < 

linolenic acid (0.914) (Eskin et al., 1996).  

Iodine value, Unsaponifiable matter content and saponification/acid value are 

characteristic for a high contribution of poly unsaturated fatty acids in the flax oil. The Iodine 

value ranged from 195 to 199 g of I2/100 g of oil for different oils. Iodine values represent 

the high unsaturation present in the oils. Moreover, the unsaturation in oil was not 

significantly affected by the variation of different cultivars (p>0.05). The results are in 

accordance with the previous reports by different researchers. Iodine value for flaxseed oil 

has been reported to range between 180 to 203 g of I2/100g of oil (Przybylski, 2005). Long et 

al. (2011) reported iodine value of flaxseed oil was reported to be 140 I2/100g of oil when 

microwave assisted enzyme extraction was employed for the extraction of oil, while the 

iodine value was 162 I2/100g of oil for the oil extracted by organic solvent.  

Waxes, sterols and hydrocarbons in oils are generally determined as unsaponifiable 

matter (Stauffer, 1996).  The saponification and un-saponification values of the oils extracted 

from different flaxseed cultivars ranged from 184 to 189 mg of KOH/100g of oil and 1.8 to 

2.6%, respectively. Saponification value did not differ significantly in different cultivars in 

contrary un-saponification values significantly differ in the oils of different cultivars 

(p<0.05). In the previous reports unsaponifiable matter of flaxseed oil has been reported to be 

in the range of 0.1 to 1.7 for crude oil while up to 0.6 for the refined flaxseed oil (Eskin et al., 
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1996; Choo et al., 2007). Teh and Birch, (2013) reported the unsaponifiable value to be 0.4 

for cold pressed flaxseed oil.  

For a good quality edible oil saponification value should be well under the 400 mg of 

KOH/100g of oil (Choo et al., 2007) and the flaxseed oils from different Pakistani cultivars 

are well below the limit. In the previous reports the saponification value of flaxseed oil has 

been reported to range from 187 to 195 (Przybylski, 2005).  

Free fatty acids are produced by the hydrolysis of triglycerides. Free fatty acid 

content (FFA) in the oil extracted from different cultivars of flaxseed ranged from 1.40 to 

1.73% as oleic acid. FFA content varied significantly in different cultivars of flaxseed 

(p<0.05). In the previous reports FFA value for flaxseed oil has been reported to range from 

0.1 to 2.0 (Przybylski, 2005). Long et al. (2011) reported the FFA in the flaxseed oil 

extracted by enzymatic extraction and solvent extraction to be 1.5 and 1.1, respectively. FFA 

value for the cold pressed flaxseed oil was reported to be 0.75 (Teh and Birch, 2013). 

The peroxide value of oil is an empirical measure of primary oxidation and its value 

may range from 10 to 15 meq/kg of oil (permissible limits) for edible oils (Choo et al., 2007). 

It represents the amount of peroxides which are formed under the initial oxidation. During 

auto-oxidation, the peroxide value of oil reaches a maximum followed by a decrease at more 

advanced stages varying according to the fatty acid composition of the oil and the conditions 

of oxidation (Frankel, 2005). The peroxide value for the flaxseed oils of different cultivars 

ranged from 1.0 to 1.4 meq/kg of oil that is well below the limit for peroxide value. Choo et 

al. (2007) reported the peroxide value ranging from 0.5 to 2.9meq/Kg of cold-pressed 

flaxseed oils sold in New Zealand. Peroxide value for the enzymatic and solvent extracted 

flaxseed oils was reported to be 1.2 and 1.0 meq/kg of oil, respectively (Long et al., 2011). 

Teh and Birch, (2013) reported the peroxide value of cold pressed flaxseed oil to be 2.04 

meq/kg of oil.   

Para-anisidine value refers to the secondary oxidation of oil and is a measure of 

nonvolatile carbonyl compounds present in it, for a good quality edible oil the p-anisidine 

value should be less than two (Subramanian et al., 2000). The p-anisidine value of the oils 

extracted from eight cultivars of flaxseed ranged from 1.13 to 1.48 and is significantly 
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different for the different cultivars (p<0.05). The values are higher than those reported by 

Choo et al. (2007) who reported the p-anisidine value to be in range of 0.36 to 0.4. Long et 

al. (2011) reported the para anisidine value of enzymatically and solvent extracted flaxseed 

oil to be 1.2 and 1.0, respectively. The p-anisidine value for the cold pressed flaxseed oil was 

reported to be 0.52 (Teh and Birch, 2013). 

Conjugated dienes hydroperoxide and trienes produced as a result of oxidation of 

polyunsaturated fatty acids can be determined by measuring the specific extinction at 232 

and 272 nm (Frankel, 2005). The specific extinction at 232 and 272 nm of different flaxseed 

oils ranged from 4.70 to 5.55 and 1.40 to 2.00, respectively. Choo et al. (2007) reported the 

specific extinction values at 232 and 270 nm to be in the range of 1.7 to 2.75 and 0.2 to 0.4, 

respectively for cold pressed flaxseed oil in New Zealand. Teh and Birch, (2013) reported 

specific extinction at 232 and 272 nm for the cold pressed flaxseed oil to be 2.02 and 0.02 

which is very low as compared to our findings. Our results are in accordance to the previous 

reports which described the PV (peroxide value) to be well under the values of specific 

extinctions at 232 and 268 (Reed et al., 2001).  

5.1.3 Tocopherol contents 

Tocopherols provide protection to lipids against the free radicals attack through their radical 

scavenging activities (Nesaretnam et al., 1998). Tocopherols are well recognized as vitamin 

E, and due to the lipophlic properties, are distributed among the oils (Panfili et al., 2008). 

Flaxseed oil has been reported to be a rich source of tocopherol.   

Tocopherol contents of the different flaxseed oils are depicted in Table 4.1.3. 

Gamma-tocopherol was found as the main tocopherol in flax oils, with a contribution of 

about 90% to the total amount. The contents of γ tocopherol ranged from 173.7 to 257.9 

mg/kg of oil and were significantly affected by the variation of cultivars (p<0.05). Alpha 

tocopherol was the other tocopherol found in the oils (almost 10%) however, delta tocopherol 

was not detected. The contents of α tocopherol varied from 39 to 18.7 (mg/Kg of oil) 

showing a significant difference among different cultivars (p<0.05). The difference in the 

contents of different tocopherols might be due to the different genetic makeup and growing 

conditions of different cultivars (Oomah et al., 1997).  
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Our results are consistent with the previous reports in which gamma tocopherol has 

been reported to be the predominant tocopherol in flaxseed oil (Przybylski, 2005; Herchi et 

al., 2011).  The γ and α tocopherol content in the Pakistani cultivars is significantly higher 

than the varieties of American, Canadian, New Zealand and Turkish origin which contain an 

average of 127, 93, 140 and 146 (mg/Kg of oil) tocopherol, respectively (Budin et al., 1995; 

Oomah et al., 1997; Choo et al., 2007; Bozan and Temelli, 2008). However the tocopherol 

contents of Pakistani flaxseed cultivars were comparable to those reported for Egyptian 

cultivars (210 mg/Kg of oil) (El-Beltagi et al., 2007). Teh and Birch, (2013) has reported the 

contents of γ tocopherol to be 370 (mg/kg of oil) in cold pressed flaxseed oil, which is 

significantly higher than our findings. However in the study α tocopherol was no detected. 

5.1.4 Fatty acid profile 

The fatty acid composition of oil extracted from flax seeds is represented in Table 4.1.4. The 

fatty acid profile showed a significant variation in the concentration of fatty acids in the oils 

of different cultivars (p<0.05). The amount of total unsaturated fatty acids in flaxseed 

cultivars was 88.79 to 89.78% while the amount of total saturated fatty acids ranged from 

10.21 to 11.20 % without any significant difference. The results in table 4.1.4 show that LS-

33 had the highest contents of alpha linolenic acid (54.87%) and the lowest amount of oleic 

acid (21.05%), while LS-99 contained the lowest amount of alpha linolenic acid (44.51%) 

and the highest amount of oleic acid (30.96%). The unique feature of flax is the presence of 

large amounts of linolenic acid. The amount of linolenic acid ranged from 44.51 to 54.87% 

for different cultivars of flaxseed grown in Pakistan. While the oleic acid level ranged from 

21.06 to 30.96. 

The results are comparable to the previous reports for the American and Egyptian 

varieties which contain alpha linolenic acid ranged 45 to 52% and 46 to 50%, respectively 

(Declercq et al., 1992, El-Beltagi et al., 2007). For Ethiopian flaxseed cultivars the ALA 

contents were found to be 52% (Wakjira et al., 2004).  However the linolenic acid contents in 

the Pakistani cultivars were less than those reported for the flaxseed cultivars grown in New 

Zealand and Canada i.e. 59.65 and 59% respectively (Choo et al., 2007; Hettiarachy et al., 

1990). Moreover, Bozan and Tamelli (2002) reported ALA levels to be 56.5 to 61% for 
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flaxseed from Turkish origin, i.e. greater than our findings. The results are also in agreement 

with the reports that with an increase in ALA in flaxseed oil, there is a corresponding 

decrease in oleic acid (Choo et al., 2007).  

From this part of study it is very clear that the nutritional value of flaxseed grown in 

Pakistan is comparable to the cultivars grown all over the world. The physico-chemical 

characteristics, tocopherol contents and the fatty acid profile of the oil extracted from 

different flaxseed cultivars grown in Pakistan shows that the oil is up to the mark in quality 

as compared to the international standards.   

5.2 Effect of extraction procedures on the antioxidant activities of different flaxseed 

cultivar extracts                                                    

Solvent extraction has gained much interest as a selective procedure for the isolation and 

recovery of various phyto-chemicals of food and medicinal value. In the present research 

work two techniques and six solvent systems were employed to determine the effect of these 

different procedures on the antioxidant activities of flaxseed extract from different cultivars. 

5.2.1 Extract yield 

Amounts (g/100g of dried plant material) of the antioxidant extract determined for different 

Flaxseed varieties, using six different solvents (absolute methanol, ethanol and acetone and 

aqueous methanol, ethanol and acetone solvent to water ratio is 80:20 v/v) and two 

techniques i.e. shaking and sonication assisted shaking are presented in Table 4.2.1.1 and 

4.2.2.1, respectively. 

Among different cultivars of flaxseed higher extract yields were obtained from 

Chandni cultivar.  The yields of antioxidant components varied significantly (p <0.05) when 

different solvents were employed for their extraction. The highest amounts of extract were 

obtained with 80% methanol for all the flaxseed varieties and the lowest yields were 

observed when 100% acetone was used for both techniques. The results indicate that addition 

of water increases the polarity of the extractant medium and higher polarities affected the 

solubilities of phenolics in the presence of water and hence, the extract yields increased 

significantly (Hsu et al., 2006). Amongst other contributing factors, efficiency of the 



116 
 

extraction is also affected by the techniques used and the solubility of extracted compounds 

present in the matrix (Siddhuraju and Becker, 2003, Chatha et al., 2006). The results also 

indicate that the extract yields were significantly greater for sonication assisted shaking than 

those for the shaking only (p<0.05).  This might be due to the breakdown of tissues as a 

result of exposure to ultrasonic radiations. 

Our findings are in agreement with previous investigation by Anwar and Przybylski 

(2012) who reported maximum yield when flaxseed variety of Canadian origin was extracted 

with aqueous methanol. Sultana et al. (2009) also achieved higher yield using the same 

solvent for extraction of antioxidants from different medicinal plants. Chatha et al. (2006) 

also reported the highest yield of antioxidants extract from rice bran with 80% methanol. 

5.2.2 Total Phenolics  

There is much interest in the search of plant phenolics due to their free radical scavenging 

and other antioxidant attributes. Phenolic compounds are generally classified as simple 

phenols, having single aromatic ring bearing at least one hydroxyl group and polyphenols 

with at least two phenolic subunits (Robbins, 2003). Currently the extraction and 

quantification of phenolic compounds from variety of plant materials has emerged as a 

potential area of research in the field of medical and functional food science (Dai and 

Mumper, 2010). 

In the present study, total phenolics were determined by Folin-Ciocalteu reagent 

(FCR) and quantified in terms of gallic acid equivalents (GAE mg/100g of dry weight). The 

amounts of total phenolic compounds extracted from flaxseeds with different solvents 

depicted that 80% ethanol is superior to all other solvents in terms of extraction of phenolic 

components while the lowest amounts of these compounds were observed in extracts where 

pure ethanol was used. This might be due to the fact that phenolics are often extracted in 

higher amounts in more polar solvents such as aqueous methanol/ethanol as compared with 

absolute methanol/ethanol (Siddhuraju and Becker, 2003; Sultana et al., 2009).  In terms of 

extraction technique sonication assisted orbital shaking was observed to be superior to the 

orbital shaking regardless of the solvent systems used. The amount of total phenolic contents 

from different flaxseed varieties ranged from 3184 to 1200 mg GAE/100g of dry weight for 
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shaking while ranged from 3286 to 1278 mg GAE/100g of dry weight when sonication 

assisted shaking was employed for extraction.  Among different varieties of flaxseed aqueous 

ethanolic extract of LS-105 offered the highest TPC (3184 and 3286 mg GAE/100g of DW), 

followed by aqueous ethanolic extract of Chandni (3182 and 3251 mg GAE/100g of DW), 

LS-108 (3164 and 3249 mg GAE/100g of DW), LS-99 (3104.67 and 3209 mg GAE/100g of 

DW), LS-31 (2975.33 and 3043 mg GAE/100g of DW), LS-29 (2892 mg and 2940 

GAE/100g of DW),  LS-33 (2845.67 and 2958 mg GAE/100g of DW), and LS-13 (2681 and 

2860 mg GAE/100g of DW).  

In terms of extraction technique sonication assisted orbital shaking was observed to 

be superior to the orbital shaking regardless of the solvent system used. This might be due to 

effective rupturing of tissues by ultrasonic radiations. The rupturing of tissues may result in 

release of more bioactive components from the flaxseed. Our results are consistent with those 

reported by Sultana et al. (2009) who also found that 80% aqueous ethanol extracted the 

highest amount of phenolic components in different medicinal plants. Bonoli et al. (2004)
 

reported that maximum amounts of phenolic compounds were extracted from barley flour 

when aqueous ethanol and acetone were applied as extractants. It is generally accepted that 

phenolics are among the most abundant phytochemicals present in cereals, grains, fruits and 

many other plant origin sources.
 
 However, it is difficult to compare the data as the contents 

of phenolic acids tremendously depend on the growing atmosphere, the techniques and 

different conditions used for extraction (Anwar and Przybylski, 2012). The total phenolics in 

the Pakistani flaxseed cultivars are comparable to the Canadian cultivars in which the total 

phenolics ranged from 790 to 1030 mg/100g (Oomah et al., 1995). However, the phenolic 

contents in Pakistani flaxseed cultivars are greater than 473 to 509 and 72.75 mg/100g of 

flaxseed those reported for the flaxseed cultivars grown in America and Chile, respectively 

(Hall and Shurtz, 2001; Gutierrez et al., 2010). El-Beltagi et al. (2007) reported total 

phenolics in the Egyptian cultivars to be in the range of 162 to 362 mg GAE/100g of 

flaxseed. 
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5.2.3 Total Flavonoids 

The amount of total flavonoids (TF) extracted from flaxseeds using different solvents and 

extraction techniques were determined by spectro-photometric method and were presented as 

catechin equivalent (CE mg/100g of dry weight). 

 Total flavonoids were ranged from 98 to 460 mg CE 100g
-1

 of dry matter for shaking 

and 125 to 514 mg CE 100g
-1

 of dry weight for sonication assisted shaking respectively for 

different cultivars of Pakistani flaxseed showing considerable variations among different 

solvent systems and procedures used (Table 4.2.1.3 and 4.2.2.3). The results showed that 

80% methanolic extracts were superior in the flavonoid contents whereas pure acetone 

extracts had the lowest amounts of flavonoids. The amount is varying from 25-56 mg 100g
-1

 

of seed and is in close agreement with values reported by Oomah (2001) and Oomah et al. 

(1996) for different Canadian flaxseed cultivars (35–71 mg and 30.2 to 83.5 mg100g
-1 

of 

flaxseed respectively). The results are also consistent with those reported by Anwar and 

Przybylski (2012) who have reported 20-60 mg/100g in the Canadian flaxseed. However, El-

Beltagi et al. (2007) have reported the flavonoid contents (12.9-20.0 mg/100 g of flaxseed) in 

the Egyptian flaxseed varieties which are quite low as compared to our findings. 

5.2.4 DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging assay 

DPPH radicals are very stable organic free radicals often employed for evaluation of the 

antioxidant activity of compounds. The extent of reaction in DPPH radical assay mainly 

depends on the hydrogen donating ability of the antioxidants which is predominantly 

governed by their structure and degree of hydroxylation (Sanchez-Moreno et al., 1999).  

The results of radical scavenging activities as measured by DPPH of different 

flaxseed extracts produced by different solvent system and extraction techniques are shown 

in Fig 4.2.1 and 4.2.3. The flaxseed extracts at concentration of 25 µg mL
-1

 of reaction 

mixture showed significant (p<0.05) radical scavenging capacity towards DPPH radicals 

(36.39 to 81.54 % and 50.78 to 85.55%). The extracts produced with 80% aqueous methanol 

and 80% aqueous ethanol were the most effective scavengers of DPPH radicals as compared 

to the other solvent systems. As far as the extraction procedure is concerned the DPPH 
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scavenging activity was considerably higher when sonication assisted shaking is used. This 

activity might be related to the higher concentrations of phenolic compounds extracted by 

sonication assisted shaking. When TBHQ (tertiary-butylhydroquinone) was used at the same 

concentration its scavenging activity was 94% which was considerably higher than that 

observed for the flaxseed extracts. The substantial DPPH radical scavenging capacity of the 

tested flaxseed extracts could be explained by the presence of appreciable amounts of total 

phenolics and flavonoids in these extracts (Ardestani and Yazdanparast, 2007). 

 Our results are consistent with the previous reports. Barbary et al. (2010) reported 

the DPPH radical scavenging activity of flaxseed lignan extract in the range of 81.6 to 

89.3%. Zanwar et al. (2010) found the DPPH radical scavenging to be concentration 

dependent. They observed the maximum DPPH scavenging activity (78.38%) of 50% 

aqueous ethanolic extract of defatted flaxseed at a concentration of 500µg/mL. 82 to 90% 

DPPH radical scavenging activity was observed when flaxseed lignan SDG was used at a 

concentration of 100 to 250 µM (Kitts et al., 1999). Ether insoluble phenolic components from 

butanol fraction of defatted flaxseed meal showed DPPH radical scavenging activity was moderate as 

compared to the standard antioxidants BHA and BHT (Kasote et al., 2011).   

5.2.5 Antioxidant activity determination in linoleic acid system 

The antioxidant activity has also been assessed as ability of inhibition of oxidation. 

Therefore, inhibition of linoleic acid oxidation was also used to monitor the antioxidant 

activity of the flaxseed extracts. Antioxidant activities (AA) of different varieties of flaxseed 

extracts were determined by inhibition of peroxidation in linoleic acid system using 

thiocyanate method (Yen et al., 2000). All the flaxseed extracts prepared by simple shaking 

and sonication assisted shaking exhibited appreciable inhibition of peroxidation ranging from 

26% to 81.29% and 51.85 to 89.4%, respectively. TBHQ showed an inhibition of 

peroxidation 94.2% when used at the same concentration (Fig.4.2.2.1 and Fig.4.2.2.2).  

The 80% aqueous ethanolic, aqueous methanolic and methanolic extracts exhibited 

higher activities of inhibition of peroxidation as compared to the other solvent systems. The 

extracts prepared by sonication assisted shaking showed considerably higher activities as 

compared to the simple shaking. This might be related to the fact that phenolic compounds 
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are preferably extracted in polar solvents as compared to the non polar solvents and 

sonication assisted shaking is superior technique in terms of extraction of phenolic 

compounds (Anwar and Przybylski, 2012). The results are consistent with the previous 

reports showing that aqueous ethanolic extract of flaxseed show superior inhibition of 

peroxidation as compared to pure ethanolic and methanolic extracts (Anwar and Przybylski, 

2012). The potential of inhibition of peroxidation of lipid of flaxseed lignans in linoleic acid 

system has been reported to be comparable to BHT without any significant difference (Kitts 

et al., 1999).   

5.2.6 Reducing Power 

Measurement of reducing potential can reflect some aspects of antioxidant activity in the 

extracts. In this method of determining the antioxidant activity, ferric ions are reduced to 

ferrous ions and with it change in color from yellow to bluish green. Higher the intensity of 

color, greater the absorption and thus higher will be reducing activity which reflects the 

higher antioxidant activity (Zhou and Yu, 2004). The data for the reducing potential of 

different flaxseed cultivar extracts prepared by different solvent systems and extraction 

procedures is presented in Table 4.2.1.4 and 4.2.2.4. The reducing power of the tested 

flaxseed extracts in the concentration range of 2.5 to 10% (Table 4.2.1.4 and 4.2.2.4) 

increased in a dose-dependent manner. The reducing power of the flaxseed extracts with 80% 

ethanol is superior as compared to other solvent systems. While the reducing power of the 

extracts prepared by sonication assisted shaking were observed to be considerably higher as 

compared to simple shaking.  

From the results regarding the reducing power it can be inferred that flaxseed extracts 

are capable to convert the free radicals to stable products by donating the electrons. Hence, 

have the great ability to terminate the reactions initiated due to the presence of free radicals. 

Our findings are consistent with the previous reports. For concentrations of 100, 200, 300, 

400 and 500 μg/mL of 50% aqueous ethanolic extract the absorbance was observed to be 

0.34, 0.44, 0.67, 0.72 and 0.88, respectively (Zanwar et al., 2010). Ether insoluble phenolic 

components from butanol fraction of defatted flaxseed meal were observed to have reducing potential 

close to the standard antioxidants BHA and BHT (Kasote et al., 2011).  Anwar and Przybylski 
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(2012) used FRAP assay for the antioxidant activity determination of flaxseed extracts. They 

found the reducing power to be dependent on the concentration of extract used. 

Comparison among results of different antioxidant activity assays 

It is now well established that plant extracts possess antioxidant activities causing breaking 

free radical chain, chelating catalytic metals as well as scavenging oxygen in food and 

biological systems (Kim 2005, Shahidi 1997). It is important to develop relation between 

methods assessing properties of different antioxidant so that some comprehensive and 

convenient protocols may be established for overall antioxidant activity evaluation of the 

plant materials. Evaluation of antioxidant activity of a typical material with an assay based 

on one chemical reaction seems to be rather questionable, yet there is a need to employ 

multitude of tests to adequately assess antioxidant activity. 

In the present study we used different antioxidant assays such as: measurement of 

inhibition of linoleic acid peroxidation, DPPH radical scavenging capacity, total phenolics, 

total flavonoids and reducing potential to evaluate the antioxidant activity of flaxseed 

extracts. Correlation between the results of different antioxidant assays in Table 4.2.1.5 and 

4.2.2.5 is shown for both extraction techniques. A good correlation between TP and TF was 

observed (r = 0.7231 and 0.7115) which could be supported by the previously reported trends 

by Sidduraju and Becker (2003).  

The present results also revealed that phenolic compounds are effective scavengers of 

free radicals as is evident by an excellent correlation between DPPH radical scavenging 

activity with TP (r =0.9048 and 0.8769) and TF (r = 0.7020 and 0.8759). An excellent 

correlation between % inhibition of linoleic acid peroxidation and TP (r = 0.0.8291 and 

0.8925) and TF(r =0.7534 and 0.8759) and DPPH scavenging capacity assay (r =0.7905 and 

0.8780) were established. Antioxidant activity of phenolic compounds is often associated 

with their redox properties, which allow them to act as reducing agents and results of this 

study supporting this notion. The correlation between reducing power and TP and TF were 

high (r = 0.7867 and 0.7913) and (r = 0.7534 and 0.7342), respectively. A good correlation (r 

= 0.7722 and 0.7342) was also observed between reducing power and DPPH radical 
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scavenging activity. Furthermore a reasonably good correlation (r = 0.7762 and 0.7939) was 

observed between reducing power and inhibition of peroxidation. 

The results are in accordance with the previous investigations (Amarowicz et al., 

2006; Zanwar et al., 2010; Kasote et al., 2011; Anwar and Przybylski, 2012), who reported 

that flaxseed extracts are very rich in phenolics and act as powerful scavengers of free radical 

and reactive oxygen species and also exhibit good reducing powers. Variations, as observed 

in the present investigation, for correlation coefficients among different antioxidant assays 

support the necessity to use multitude of assays to adequately assess antioxidant efficacy of 

usually complex mixture of antioxidative compounds present in plants, which often act with 

different scavenging mechanism. 

Based upon the results of this part of study, it can be concluded that 80% aqueous 

methanol and aqueous ethanol are the most effective solvents for the extraction of phenolic 

compounds from the defatted flaxseed while the pure ethanol and acetone show the least 

efficiency as compared to the other solvent systems. As far as the extraction techniques are 

concerned sonication assisted shaking show considerably higher efficiency as compared to 

simple extraction. The antioxidant activities as determined by radical scavenging ability, 

inhibition of peroxidation in linoleic acid systems and reducing power, show that the extract 

of different flaxseed cultivars exhibit  considerable activities when compared to the standard 

synthetic antioxidant and hence, can be used as viable source of natural antioxidants.  

5.3 HPLC analysis of phenolic compounds in different flaxseed cultivars 

Fig 4.3.1 to 4.3.8 represents the HPLC chromatograms showing the separation of phenolic 

compounds present in defatted flaxseeds of different cultivars. The compounds were 

identified and quantified by matching the retention times with those of external standards and 

by the comparison of peak areas with those for internal standard (TBHQ). In the 

chromatograms majority of the peaks were identified except the two main peaks at retention 

times around 9.5 and 13.5 min, respectively. 

  Data in Table 4.3.1 depicts the amounts of different phenolic compounds i.e. phenolic 

acids, flavonoids and lignans determined in the eight cultivars of flaxseed grown in Pakistan. 
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As the results indicate different phenolic compounds were identified and quantified in the 

different flaxseed cultivars when HPLC with diode array detector was employed for the 

analyses. The quantities of all the phenolic compounds differed significantly among different 

flaxseed cultivars.  

The most abundant phenolics present in the flaxseed were lignans i.e. 

secoisolariciresinol diglucoside (SDG) and secoisolariciresinol (SECO). The quantity of 

SDG varied from 14.78 to 124.27 mg/100g of dry defatted flaxseed, while that for SECO 

varied 396.49 to 1518.2 mg/100g of dry defatted flaxseed among different cultivars of 

flaxseed. LS-99 contained the highest (124.27 mg/100g of dry defatted flaxseed) while LS-33 

had the lowest amounts (14.78 mg/100g of dry defatted flaxeed) of SDG. In contrast LS-33 

contained the highest amounts of SECO (1518.2 mg/100g of dry defatted flaxseed) while the 

lowest amounts of SECO were observed in LS-105 (396.49 mg/100g of dry defatted 

flaxseed). The quantities of both compounds varied significantly among different flaxseed 

cultivars. This variation in lignan contents might be related to the genetic makeup of plants 

and growing conditions (Thompson et al., 1997, Westcott and Muir, 1998).  

Our results are consistent with the various reports for the lignan contents of flaxseed 

of different origin. For Cambridge and Argentinian cultivars of flaxseed SECO contents have 

been reported to be 1262 and 880 mg/ 100 g of dried seeds (Liggins et al., 2000). The SDG 

contents of fourteen different cultivars grown in Sweden ranged from 1170 and 2270 mg/100 

g dry matter of defatted flaxseeds, while that for cultivars of Denmark ranged from 1440 to 

2080 mg/100 g dry matter of defatted flaxseeds (Johnsson et al., 2000). Eliasson et al. (2003) 

reported SDG contents ranging from 1410 to 2590 mg/100g of dried flaxseed in twenty seven 

different cultivars of flaxseeds of Swedish origin. In Chinese cultivar, SDG contents were 

observed to be 1510mg/100g of flaxseed (Lee et al., 2008). Hano et al. (2006) reported SDG 

contents to be 1400 and 1630mg/100g in ground flaxseed and pressed flaxseed cake. 

The phenolic acids present in the different flaxseed cultivars as analyzed by HPLC 

were Gallic acid, caffeic acid, hydroxy benzoic acid, benzoic acid, coumeric acid, ferulic acid 

and cinnamic acid. However, coumaric acid was not detected in LS-33, LS-31, LS-13 and 

Chandni while ferulic acid was not detected in LS-33 and LS-31. Among the phenolic acids 
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ferulic and coumaric acid were more abundant as compared to the others and ranged from 

15.22 to 127.2 and 44.76 to 273.83 mg/100 g of defatted flaxseeds, respectively. Gallic acid 

was present in the lowest amounts (1.47 to 13.16 mg/100g of defatted flaxseed) in all the 

flaxseed cultivars except LS-13 in which it was not detected. Our results are consistent with 

the previous findings in which coumaric and ferulic acid were observed to be present in 

higher concentrations in flaxseeds cultivars of French origin (370 and 410 mg/100g of 

defatted flaxseed) (Beejmohun et al., 2007). The coumaric and ferulic acid contents in 

Pakistani cultivars were less than the seventeen Swedish flaxseed cultivars in which 

coumaric and ferulic acid contents were observed in the range of 120 to 850 and 160 to 500 

mg/100g defatted flaxseed (Eliasson et al., 2003). In contrast, chlorogenic acid and para-

hydroxy benzoic acid were found as major phenolic acids in American flaxseed (Hall and 

Shultz, 2001). Hano et al. (2006) reported the ferulic and coumaric acid glucoside to be 440 

and 380mg/100g of flaxseed, respectively. 

Among flavonols, kampherol was detected in all the cultivars of the flaxseed. The 

quantity of kampherol varied significantly in different flaxseed cultivars and ranged from 

2.79 to 28.51 mg/100g of defatted flaxseed. The flaxseed has been reported to contain 

kampher, herbacitin (Hydroxy kampherol) glucoside and herbacitin (Hydroxy kampherol) to 

as the major flavonoids (Qiu et al., 1999; Struijus et al., 2007). 

From this part of study, it can be concluded that the reverse phase HPLC is a reliable 

and easy approach for the identification and quantification of phenolics present in the 

flaxseed. The large variations were observed in the phenolic composition in the different 

flaxseed cultivars grown in the Pakistan. 

5.4 LC-MS analysis of phenolic compounds in different flaxseed cultivars 

LC-MS has been employed for the analysis of flaxseed phenolics as a most sensitive 

technique (Smeds and Hakala, 2003, Smeds et al., 2006). 

Phenolic compounds, quantified by HPLC in different flaxseed samples in the present 

investigation, were further authenticated using LC-MS. For the purpose, two different mass 

analyzer were used i.e. Time of flight-MS and Multiple reaction monitoring-MS. Fig 4.4.1 to 
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4.4.16 represent the chromatograms showing the separation of phenolic compounds by LC-

MS. Results revealed variations for the contents of individual phenolic acids between HPLC 

and LC-MS analyses were observed. However, two additional phenolic acids were identified 

using LC-MS. 

 The phenolic compounds present in different plant materials determined using LC-

MS are presented in tables 4.4.1. In general, the additional phenolic acids identified, were 

sinapic and chlorogenic acids. Para hydroxybenzoic acid separated by HPLC in the samples 

investigated however, was not detected using LC-MS, might be due to overlapping of peaks. 

The compounds were identified by matching the retention times with standards and 

interpreting the mass spectra. The molecular ion and the fragments as observed in mass 

spectra are given in the Table 4.2.2.1. 

Similar to HPLC, the most abundant phenolic compounds present in the flaxseed 

were lignans i.e. SDG and SECO. The quantities of SDG ranged from 59.43 to 398.60 

mg/100g of defatted flaxseed, while those for SECO ranged from 558.23 to 2579.70 mg/100g 

of defatted flaxseed. The highest contents of SDG were observed in LS-33 (398.60) followed 

by LS-108 (302.25), Chandni (281.66), LS-99 (227.56), LS-31 (225.91), LS-105 (111.05), 

LS-13 (62.63) and LS-29 (59.43), respectively. LS-33 contained the highest amounts of 

SECO (2579.70 mg/100g of defatted flaxseed) followed byLS-108 (1681.42), LS-

31(1174.11), LS-105 (1172.64), Chandni (1050.21), LS-99 (1007.13), LS 29 (637.62) and 

LS-13 (558.23), respectively. These results depict a significant difference in the quantities of 

lignans as determined by HPLC and LC-MS. 

Gallic acid, caffeic acid, coumaric acid, ferulic acid, sinapic acid and chlorogenic 

acids were the phenolic acids detected in the cultivars of flaxseed as determined by LC-MS.  

Chlorogenic acid, ferulic acid and coumaric acid were the major phenolic acids detected in 

all the cultivars. Results depict that Chandni has the highest contents of chlorogenic acid 

(363.38) followed by LS-33 (284.87), LS-108 (185.68), LS-99 (147.46), LS-31 (116.47), LS-

105 (110.85), LS-13 (52.18) and LS-29 (44.60), respectively. Ferulic acid contents ranged 

from 44.93 to 162.11 mg/100g of defatted flaxseed with LS-33 with highest contents of 

ferulic acid (162.11) followed by LS-108, LS-99, LS-31, Chandni, LS-29, LS-105 and LS-
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13, respectively. Coumaric acid contents ranged from 26.85 to 182.44 mg/100g of defatted 

flaxseed with LS-108 containing the highest quantities of coumaric acid (182.44) followed 

by LS-105 (123.22), LS-29 (114.37), LS-99 (107.60), LS-33 (59.92), LS-31 (43.48), Chandni 

(40.68) and LS-13 (26.85), respectively. Sinapic acid contents ranged from 6.80 to 55.84 

mg/10g of defatted flaxseed with LS-13 containing the highest and LS-13 containing the 

lowest quantities. Gallic and caffeic acid ranged from 6.64 to 70.42 and 1.27 to 5.28 mg/100g 

of defatted flaxseed, respectively. 

Similar to the HPLC results, kampherol was the only flavonol detected in the flaxseed 

cultivars grown in Pakistan. The kampherol contents ranged from 5.23 to 125.22 mg/100g of 

defatted flaxseed with a significant variation among different cultivars (p<0.05). LS-99 

contained the highest quantities (125.22) followed by LS-33 (53.19), LS-31 (34.73), LS-108 

(31.75), Chandni (25.11), LS-105 (16.66), LS-13 (7.12) and LS-29 (5.23), respectively. 

From the results it is clear that amounts of phenolic compounds varied significantly 

among different cultivars of flaxseed grown in Pakistan. These variations might be related to 

seasonal effects, genetic makeup and growing conditions (Oomah et al., 1995). The results 

are consistent with the previous reports (Popova et al., 2009). Hao and Beta (2012) analyzed 

the flaxseed hull extract by Q-TOF-MS and found SDG, ferulic and coumaric acid as major 

lignans in flaxseed hull. Moreover the mass/charge ratios and fragmentation patterns are also 

consistent with the previous findings.  

From this part of study it is clear that we were able to develop LC-MS method for the 

identification and quantification of flaxseed phenolics. MRM is preferable to simple TOF-

MS in terms of simplicity of mass spectra. 

5.5 Conclusion 

From the results of the present investigation it could be concluded that the oils extracted from 

different flaxseed cultivars are rich in α- linolenic acid and gamma tocopherols. 80% aqueous 

ethanol and methanol were the most effective solvents for recovering antioxidant 

components from flaxseed while the pure ethanol and acetone had shown the least efficacy 

towards isolation of flaxseed antioxidants as established by different antioxidant activity 
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assays. Furthermore, the sonication assisted shaking proved to be superior in extraction of 

antioxidant components. HPLC analysis established (identified and quantified) different 

phenolics present in the flaxseeds. SECO (secoisolariciricinol) dominated all the other 

phenolics in all cultivars. SDG, ferulic acid, coumaric acid, chlorogenic acid and gallic acids 

were the other phenolic compounds detected in the flaxseed. LC-MS (TOF & MRM) was 

used for the authentification of results by HPLC. By using the LC-MS we were able to 

identify two more phelonics (sinapic & chlorogenic acid) which were not identified in the 

HPLC. However among the two (TOF & MRM-MS), MRM was more helpful for 

identification due to clear mass spectra. The quantification by LC-MS also proved SECO to 

be most prominent phenolic compound present in flaxseed. The data presented would 

certainly help to ascertain the potency of the flaxseeds as viable source of natural 

antioxidants and thus suggest their uses for nutraceutical and functional food applications. 

However, further research in terms of the cytotoxity of the extracts should be done before 

their application on commercial scale. 
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Chapter 6 

                                                                                           SUMMARY 

Natural antioxidants have attracted a great deal of public and scientific interest because of 

their anticarcinogenic potential and other health-promoting effects. Antioxidants are our first 

line of defense against free radical damage, and play a key role for maintaining optimum 

human health and well-being. Besides, the valuable role of antioxidants in the prevention of 

diseases, these are also used to prevent food deterioration during processing, distribution, and 

later storage stages caused by lipid oxidation.   

Flaxseed or linseed (Linum usitatissimum) belonging to family lineaceae is an ancient 

crop and has been grown for its fiber (linen) and oil seeds since 9000 to 8000 B.C.  Flaxseed 

is cultivated in almost fifty countries of the world including Pakistan. Flaxseed is a rich 

source of alpha linolenic acid, very efficient antioxidant system and dietary fiber. These 

characteristics and the health benefits associated with these characteristics of flaxseed have 

made it a great attraction for the researchers in the field of functional foods and 

neutraceuticals. 

Flaxseed has been historically grown in the subcontinent and has been utilized as a 

food ingredient to a limited level. However, the nutritional benefits of the seed grown in 

Pakistan, have not yet been explored. Keeping in view the immense importance of flaxseed 

as neutraceutical and functional food, the project was designed to explore the nutritional 

composition, oil characteristics and antioxidant potential of different flaxseeds cultivars 

grown in Pakistan. Moreover qualitative and quantitative analysis of the flaxseed phenolics 

was done by HPLC and LC-MS. The research work presented in the dissertation was 

conducted in the laboratories of Department of Chemistry and Biochemistry, University of 

Agriculture, Faisalabad, Pakistan and Department of Food Science and Human Nutrition, 

University of Illinois, Urbana Champaign, Illinois, USA.  

 Total eight samples of flaxseeds from eight cultivars grown in different regions of 

Pakistan were assayed. The samples were procured from Ayub Agriculture Research 

Institute, Faisalabad and National Agriculture Research Center, Islamabad. During the study, 
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first of all, the proximate composition of the flaxseeds was determined by the standard 

methods Furthermore; the oil extracted from the flaxseeds was analyzed for its 

physicochemical characteristics, tocopherol composition and fatty acid profiles. 

From the proximate analysis of flaxseed, it was established that the oil, moisture, 

crude protein, fiber and ash contents in the seeds of different cultivars of flaxseed were 

observed to range from  33.25 to 38.38%, 5.98 to 6.22%, 16.02 to 18.50%, 23.30 to 26.80% 

and 3.21 to 3.60%, respectively. Gamma tocopherol was observed to be the major tocopherol 

present in the oil with minor contents of alpha tocopherol. The unsaturated fatty acids in the 

oils extracted from different cultivars were observed to be in the range of 88.79 to 89.78%, 

with alpha linolenic acid with the highest contents and ranged from 44.51 to 54.87%. From 

the data for the physicochemical characteristics of the oils it was observed the oils were up to 

the mark in quality as compared to the international standards. 

Experiments were conducted in order to investigate the effects of extracting solvents 

and extraction techniques on the antioxidant efficacy of the chosen plant materials, followed 

by quantification of selected phenolic antioxidants using HPLC and LC-MS. As far as the 

effects of extraction methods on antioxidant activity of flaxseed,  it was noted that aqueous 

solvent (80% methanol, 80% ethanol) extracts, prepared by both of the shaker and sonication 

assisted shaking exhibited better antioxidant activities and phenolics contents. Significantly, 

higher antioxidant extracts yields and antioxidant activities were observed for the flaxseed 

extracts obtained using sonication assisted shaking extraction technique as compared to the 

simple shaking, regardless of the solvent system used for extraction. 

The data obtained for the HPLC and LC-MS characterization and quantification of 

phenolic antioxidants showed that flaxseed contained high levels phenolic compounds. The 

most abundant phenolic was SECO which ranged from 880 to 1262 mg/ 100 g as analyzed by 

HPLC while from 558.23 to 2579.70 mg/100g of defatted flaxseed when analysed by LC-

MS. Among different phenolic acids chlorogenic and ferulic acids were most abundant 

followed by coumaric acid. Flavonoid contents in the flaxseed were very low and the only 

flavonoid detected was kampherol. The high levels of different phenolic compounds in 
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almost all the flaxseed cultivars suggest their utilization as nutraceutical and functional foods 

ingredients for promoting health of consumes. 

Overall, the results of the present study support the utilization of the investigated 

flaxseed, flaxseed oil and derived extracts, indigenous to Pakistan as potential sources of 

alpha linolenic acid, natural antioxidants and valuable phenolics. The data of the present 

research prompt the utilization of the tested flaxseed both for dietary foods and as 

nutraceutical and functional food components. However, it is suggested to evaluate the 

cytotoxicity of the flaxseed and derived extracts before being employed for food or other 

related applications. Further investigations involving more detailed in vitro and in vivo 

studies are recommended to acertain inclusive phenolics antioxidant system of these seeds 

and develop their applications for specific food or nutraceutical purposes.  
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