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ABSTRACT 

The present study was conducted to investigate the anti-oxidant properties of different crude seed extracts of Trigonella foenum-
graecum, Nigella sativa, Linum usitatissimum individually and mixture of these seeds. The extracts from these seeds were obtained 
using different solvents – water, methanol and chloroform. Flavonoid and phenolic content of these crude seeds extracts were 
evaluated quantitatively. Percentage of inhibition of lipid peroxidation and peroxide value was also determined. This study shows 
that these seed extracts can scavenge free radicals to an appreciable level thereby decreasing the oxidative stress, the anti-oxidant 
property could be due to phenols and flavonoids present in the seed sample. It was observed that methanolic extract of seed mix 
(Fenugreek, Black cumin and Flax) had higher flavonoid content compared to other seed extracts. Methanolic extract of seed mix 
could inhibit oxidation of lipid efficiently compared to other extracts. Lower peroxide value was obtained when treated with aqueous 
and methanolic extract of seed mix, thereby by acting as a good anti-oxidant. This study shows that methanolic extract of seed mix 
has a better anti-oxidant property compared to other extracts.    
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INTRODUCTION 

xidative stress and an escalation in the levels of 
free radicals are amongst the leading central 
markers associated with numerous progressive 

pathological conditions, including neurological disorder, 
cancer, aging, and endocrine illness. Numerous abiotic 
stresses lead to the overproduction of reactive oxygen 
species (ROS) in plants and animals which are highly 
reactive and detrimental causing damage to proteins, 
lipids, carbohydrates and DNA thus leads to oxidative 
stress. This oxidative stress causes damage to tissues and 
results in large number of illnesses.1 

The term “ROS” includes all unstable metabolites of 
molecular oxygen (O2) that have higher reactivity than 
O2 like superoxide radical (O2

.) and hydroxyl radical (HO•) 
and non-radical molecules like hydrogen peroxide (H2O2). 
These ROS are generated as byproduct of normal aerobic 
metabolism, but their level increases under stress which 
proves to be a basic health hazard. Mitochondrion is the 
major cell organelle responsible for ROS production.2, 3 It 
generates ATP through a series of oxidative 
phosphorylation processes. During this process, one- or 
two-electron reductions instead of four electron 

reductions of O2 can occur, leading to the formation 
of O2

. or H2O2, and these species can be converted to other 
ROS. Other sources of ROS may be reactions involving 
peroxisomal oxidases,3 cytochrome P-450 enzymes, 4 NAD 
(P)H oxidases, 5 or xanthine oxidase. 6 

An antioxidant can be broadly defined as any substance 
that delays or inhibits oxidative damage to a target 
molecule.7 The main role of anti-oxidant is to scavenge the 
free radicals. Antioxidant compounds like phenolic acids, 
polyphenols and flavonoids scavenge free radicals such as 
peroxide, hydroperoxide or lipid peroxyl and thus inhibit 
the oxidative mechanisms that lead to degenerative 
diseases.8 Herbal plants have been considered as good 
antioxidants since ancient times. 

Antioxidants overcome the consequences of ROS and thus 
help in preventing diseases. Antioxidants can be natural or 
synthetic. Fruits, vegetables and spices are natural source 
of anti-oxidant which can be taken through diet. There are 
also specific synthetic antioxidants like BHT and BHA that 
inhibit oxidation. Nonetheless, these synthetic 
antioxidants have now been reported to be critical to 
humans so the search for non-toxic antioxidants have 
intensified in the recent years. At present, there has been 
a growing concern in the therapeutic option of medicinal 
plants as natural antioxidants. Synthetic anti-oxidants can 
be substituted with natural anti-oxidant in food, cosmetic 
and pharmaceutical industries due to low cost and no 
adverse effects. Many naturally occurring anti-oxidants 
found in plant source scavenge free radicals. Active 
antioxidant activities have been found in berries, cherries, 
citrus fruits, prunes and olives. Herbal plants have been 
considered as good antioxidants since ancient times.1 
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Trigonella foenum-graecum (Fabaceae) is an annual plant, 
which is grown in most of the countries.9 Fenugreek is a 
forage and legume crop. Fenugreek seed is pleasantly 
bitter, slightly sweet.  Seeds are used to flavour many 
foods.10  Endosperm of fenugreek seed as highest amount 
of saponin and protein content, husk contains higher 
amount total polyphenols.11 Fenugreek seed has wide 
application, therefore extensively used in various fields like 
pharmaceutical, nutraceuticals etc. It is effective in the 
treatment of diabetes, hyperglycaemia (thyroxine-induced 
type) and hypercholesterolemia.12 Fenugreek is 
recommended as a medicine in dysmenorrheal, 
postmenopausal symptoms and promotion of lactation. It 
is used orally as a substitute for insulin to decrease blood 
glucose level.13 Fenugreek fiber helps in increasing satiety 
and reducing intake of fat.14,15,16 It has a role in cleansing 
the blood, detoxing body, lymphatic cleansing activity, 
maintains mucous conditions in the body, majorly in lungs 
to clear congestion.17 It is also used as tonic for weakness 
and treatment for edema.18 It selectively reduces LDL, 
VLDL and increases HDL cholesterol. 19 Studies show that it 
decreases oxidative damage.20 It is also used as herbal 
medicine to treat diabetes, fertility related problems, to 
stimulate lactation, microbial infections, cancer, 
hypercholesterolemia, parasitic diseases etc.21 Fenugreek 
can be recommended and must be taken as a part of our 
daily diet as its liberal use is safe and has various health 
benefits.  

Nigella sativa is an annual crop, seeds are ovate, 
tetrangular, angles sharp, acute and more tapering at the 
end. Macroscopically, seeds are black externally and white 
inside, odour slightly aromatic and taste bitter. 22 It is used 
as treatment for wide range of disorders like respiratory, 
digestive, excretory etc.23,24 Nigella sativa (Ranunculaceae) 
is an extensively used medicinal plant all over the world. 22 
Thymoquinone found in Nigella sativa has anti-
inflammatory, anti-diabetic, anti-cancer, anti-bacterial, 
anti-hypertensive properties. 25, 26 It helps to reduce the 
symptoms caused due to asthma and allergic rhinitis. 22, 27 
Essential oil of this seed act as anti-oxidant. 28 It was found 
that seed powder decreased LDL and increased HDL 
cholesterol. 29 It reduces toxic effect caused by chemicals, 
thereby protecting liver and kidney. 30 The maximal 
nutritional value of black cumin can be linked to the 
presence of considerable amount of vegetable protein, 
fibre and minerals, and vitamins. Among various amino 
acids identified, glutamate, arginine, and aspartate while 
cysteine and methionine were the major and minor amino 
acids, respectively. 31 

Linum usitatissimum (Lineaceae), is a blue flowering 
annual herb that produces small flat reddish brown 
coloured seed with crispy texture and nutty taste. 32,33 

Almost all parts of flaxseed plant are utilized for various 
purposes. Flaxseed contains oil which after refining is used 
for edible purpose. 34 Currently, it is cultivated in more 
than fifty countries. 35 It was a native crop of India and a 
staple food crop. It is used for various medicinal 
purposes.36 It has potential health benefits associated with 

its biologically active components—Alpha linolenic acid, 
lignan-Secoisolariciresinol diglycoside (SDG) and dietary 
fibre. 37 

Flaxseed has alpha-linolenic acid, lignans, high quality 
protein, soluble fibre and phenolic compounds. 35 Growing 
environment, genetics and processing conditions affect 
the chemical compositions of the seeds. 32 The lipid 
content of flaxseed varies from 37 to 45 g/100 g of the 
seed.38, 39, 32 Flaxseed oil contains 98 % triacylglycerol, 
phospholipids and 0.1 % free fatty acids. 40 On an average 
it contains 21 % protein. Majority of the protein is 
concentrated in the cotyledons. 41 Amino acid profile and 
nutritional value of flaxseeds are comparable to that of 
soya proteins. 42, 43 The processing conditions, dehusking 
and defatting affect the protein content. The defatted and 
dehusked meals have high protein content. 44,45 Flaxseed 
proteins exhibit antifungal properties against Alternaria 
solani, Candida albicans and Aspergillus flavus. 46, 47 

Phenolic compounds are responsible for anti-oxidant and 
anticancer properties. Flaxseeds have three different types 
of phenolic compounds–phenolic acids, flavonoids and 
lignans. It contains highest amount of potassium, intake of 
high potassium decreases blood platelet aggregation, free 
radicals in blood and stroke incidence. 38 Vitamin E is 
present as γ-tocopherol, which is an antioxidant providing 
protection to cell proteins and fat from oxidation. 48,32 

MATERIALS AND METHODS 

Plant source 

Trigonella foenum-graecum, Nigella sativa and Linum 
usitatissimum seeds were brought from Departmental 
store in Vasanthnagar. 

Sample preparation 

Seed samples were ground to fine powder and 10% 
aqueous, methanol and chloroform extracts of Trigonella 
foenum-graecum, Nigella sativa, Linum usitatissimum and 
mixture of these powdered seeds were prepared by using 
magnetic stirrer. The seed extracts were centrifuged and 
supernatant obtained was used for further assays. 

Quantitative determination of total flavonoid content 

The flavonoid content of the crude seed extract was 
determined according to the method proposed by Chang 
et al., 200249 with a few modifications. Different 
concentration of quercetin (2-10 µg) was used as standard. 
The solutions were made up to 2ml with methanol. 2ml of 
methanol was taken in a fresh test tube as blank.  To 
another set of test tubes 0.1 ml of extracts were taken 
individually and made up to 2ml with methanol. To this 
reaction mixture 1 ml of 10% aluminium chloride was 
added followed by 0.1 ml of 1 M potassium acetate and 2.8 
ml of distilled water. After addition of the reagents, the 
tubes were incubated for 30 minutes at room 
temperature. After incubation, the absorbance of the 
reaction mixture was measured at 415 nm. The flavonoid 
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content of crude extract was measured as mg quercetin 
equivalent/g of extract. 

Quantitative determination of total phenolic content 

The total phenolic content of the crude extract was 
determined according to the method described by Sarbjot 
Kaur and Poonam Mondal (2014).50 0.2 to 1.0 ml aliquots 
of standard gallic acid solution (1mg/ml) was pipetted out 
into different test tubes. The volume in each test tube was 
made upto 1ml using distilled water. For blank, 1ml of 
distilled water was taken. For test samples, 0.1 ml of the 
extract was taken and made upto 1 ml with distilled water. 
To all the tubes 0.5 ml of FC reagent was added and 
incubated for 5 minutes at room temperature. After 
incubation, 1.5 ml of 20% sodium bicarbonate was added 
in order to produce alkaline medium. Then 7 ml of distilled 
water was added. Absorbance was measured at 750 nm 
spectrophotometrically. The total phenolic content of the 
crude extract was expressed as gallic acid equivalent in 
milligrams/g of extract. 

Determination of peroxide value 

Peroxide value was determined titrimetrically using 
sodium thiosulphate as titrant. 5 g of oil was taken in a 
conical flask and 15 ml of acetic acid – chloroform mixture 
was added and swirled till it dissolved. 0.25 ml of saturated 
KI was added and kept aside for 1 minute with occasional 
shaking. Then 15 ml of distilled water was added followed 
by 5 drops of starch solution. Mixture was titrated against 
0.1 N sodium thiosulphate till blue colour disappeared. For 
the test samples, to 5 g of oil, 5 ml of extract was added 
and incubated for 5 minutes and the same method was 
followed. 

Peroxide value was determined by following formula 

Peroxide value = (Titre value x 0.1 x 1000) / 5 

 MDA Assay 

The assay was carried by pipetting out 0.4ml of serum to 
all test tubes followed by addition of 3 µl of lead acetate 
(3ppm) and 0.6ml of extract. Control was prepared by 
pipetting 0.4 ml of serum and 3 µl of lead acetate without 
the extract. The mixture was incubated at 37 ºC in shaker 
for 120 minutes. After the mixture was incubated 0.5 ml of 
the above mixture was made upto 1ml with distilled water, 
followed by addition of 5 ml of glacial acetic acid and 0.05 
ml of TBA. The samples were kept in boiling water bath for 
45 min and were allowed to cool. The cooled solution was 
further treated by addition of   0.05 ml HCl. The optical 
density was determined spectrophotometrically at 535nm. 

RESULTS AND DISCUSSION 

Anti-oxidant property was determined in different extracts 
of Trigonella foenum-graecum, Nigella sativa, Linum 
usitatissimum and mixture of these powdered seeds by 
different assays. 

 

 

Determination of flavonoid content 

Flavonoids are used for prevention and cure of diseases 
associated with free radicals. They are found to have 
defensive effect against bacterial and viral infections and 
diseases such as cardiovascular ailments, malignancies and 
other age related illnesses. Flavonoids also have 
antihistamine, memory and even mood-enhancing 
properties. It has anti-oxidative, anti-inflammatory, anti-
mutagenic and anti-carcinogenic properties and also has 
the capacity to modulate cellular enzyme function. It also 
lowers cardiovascular mortality rate. 51 

The total flavonoid content was calculated using standard 
curve of quercetin (y = 0.049x – 0.009; R2 = 0.991) and 
expressed as quercetin equivalent per gram of plant 
extract.  

 

Figure 1: Flavonoid content 

It was found that flavonoid content was higher in 
methanolic extract of seed mix (37.985 mg QE/g), followed 
by aqueous extract of seed mix (9.968 mg QE/g). Higher 
values were observed in chloroform extract due to 
turbidity therefore, it was not taken into consideration 

Determination of phenol content 

Phenolic compounds play a major role in defence activity 
against plant pathogens and abiotic stressors. 52 They 
reduce rate of oxidation of organic matter by transferring 
hydrogen atoms to free radicals which leads to termination 
of free radical chain reaction. 53 Antioxidants delays or 
prevent oxidation of lipids, proteins, nucleic acid. 54 

 

Figure 2: Standard plot for total phenolic content. 

The total phenolic content was calculated by the standard 
curve of gallic acid (y = 0.25x; R2 = 1) as shown in the figure 
5.  
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High amount of phenolic was shown by methanolic extract 
of seed mix (44.79 GAE/g) followed by aqueous extract of 
seed mix (27.96 GAE mg/g). Higher values were also 
observed in chloroform extract which was due to turbidity 
therefore, it was not taken into consideration 

Determination of inhibition of lipid peroxidation 

Lipid peroxidation has been treated as a major mechanism 
of cellular injury in many biological systems of plant and 
animal origin. The mechanism comprises of a process 
where in the unsaturated lipids are oxidized to produce 
additional radical species as well as toxic by-products that 
can be lethal to the host system. Polyunsaturated lipids are 
exceptionally prone to this type of damage when in an 
oxidizing environment and they can react to form lipid 
peroxides.  

Lipid peroxides are themselves unstable, and can undergo 
additional decomposition to form a complex series of 
compounds consisting of reactive carbonyl compounds. 
Polyunsaturated fatty acid peroxides further reacts to form 
malondialdehyde. Malondialdehyde (MDA) is the most 
commonly used biomarker of oxidative stress in a number 
of illnesses such as cancer, Alzehimer’s, Parkinson’s 
disease etc. 

An MDA -TBA complex is formed on reaction with 
malondialdehyde and TBA which is read at 530nm.  

 

Figure 3: Estimation of percentage inhibition of lipid 
peroxidation of seed extracts 

The serum along with the lead acetate caused free radical 
production or lipid peroxidation. The seed samples that 
were used reduced the oxidation process, thereby acting 
as excellent antioxidants. From the above bar graph, it can 
be observed that, the methanolic extract of seed mix 
showed the highest percentage inhibition i.e., it could 
inhibit the lipid to a greater extent compared to the other 
extracts. It was also noted that the aqueous and 
methanolic extractions of the seed samples showed a 
better inhibition activity when compared to that of the 
chloroform extract. 

Determination of peroxide value 

Peroxide value was performed to determine the amount of 
peroxides present in the sample of fat, which is expressed 
as milli-equivalents of peroxide per 1000 g of material. The 
fat sample in acetic acid chloroform medium, is treated 

with an aqueous solution of potassium iodide. The 
liberated iodide is determined by titrating it against 
standard sodium thiosulphate solution.  

Unsaturated free fatty acids react with oxygen and form 
peroxides, that lead to production of smelly, volatile 
substances. Peroxide value is the most widely used 
indicator of fat oxidation.  

 

Figure 4: Determination of peroxide value 

A lower peroxide value indicates good quality of oil and 
good preservation status. It was observed that all of these 
extracts decreased the peroxide value of oil. Aqueous and 
methanolic extracts of seed mix had a better effect on oil 
compared to other extracts in reducing the peroxide value. 
Peroxides can damage cell membrane, lead to hemolysis 
by rupturing RBC’s,55 mutation, cancer56 etc. 

CONCLUSION   

According to the present study, it was concluded that the 
inhibition of lipid peroxidation activity of the seed mix was 
improved via synergistic interactions .It was also able to 
reduce the peroxide values of oil to a greater extent when 
compared to the individual seed extracts, this may be due 
to a higher content of phenols and flavonoids. Among the 
solvents, methanol showed the better performance as 
compared to water and chloroform. 
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