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ABSTRACT: The importance of flaxseeds in the food sector has been 

highly appreciated due to the presence of phytochemicals and antioxidants. 

The aim of the present study was to focus on the effect of different solvents 

used for the extraction of bioactive phytochemicals from raw, fermented, and 

germinated deoiled flaxseed flours and also evaluated their antioxidant 

activities. The phenolic content and flavonoid content of 80% ethanolic 

extract of germinated deoiled flaxseed flour were greater than the raw and 

fermented deoiled flaxseed flour. This study also focused on the 

identification of polyphenol compounds present in flaxseed flour extract 

which varies due to fermentation and germination processes and showed that 

germinated deoiled flaxseed flour extracts contained the highest number of 

polyphenol compounds. The germinated flaxseed flour extract was found to 

be exhibited at the highest zone of inhibition against S. aureus, B. substilis 

and E. coli. In our results, it was found that germinated deoiled flaxseed flour 

extract has higher antiarthritic activities. The study established that both the 

fermentation and germination processes help in the improvement of the 

phenolic content, flavonoid content, and antioxidant activities. This 

information can be adopted for the fortification of food in the food sector.

INTRODUCTION: Linseed (Linum usitatissimum 

L.) belongs to the family Linaceae and has recently 

gained popularity as a potential food additive due 

to its nutritional value 
1
. Flaxseed is a source of 

phenolic compounds and flavonoids which are 

excellent natural antioxidants 
2
. Germination of 

seed is a technological application widely used for 

its ability to improve the nutritional value of seed 

by causing desirable changes in nutrients, textures 

and secondary metabolite concentrations, which are 

considered beneficial as antioxidants 
3, 4

.  
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The germination of flaxseed can be utilized in food 

technology and the nutraceutical industry 
1
. Natural 

fermentation or proteolytic fermentation can occur 

naturally without starter culture under alkaline 

conditions in oil seeds or legumes, mainly due to 

species of the Bacillus genus or E. coli or S. 

aureus, or Aspergillus species 
5
. The micro-

organisms involved in this fermentation are not 

originated from the seeds; they are introduced 

through the air, water, and leaves used in wrapping 
6
.  

Different seeds are also enhanced with phenol, 

flavonoid, and antioxidant properties through 

natural fermentation 
7
. In Africa, fermented African 

seeds were used as a condiment to soup to increase 

their nutritional values 
6
. Recently, interest has 

increased in to use of naturally occurring 

antioxidants in foods to replace synthetic 
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antioxidants 
8
. In early studies, flaxseed was shown 

to possess a powerful antioxidant system 
9
. Elderly 

people often have arthritis. Several drugs are used 

to treat arthritis disorders, including nonsteroidal 

anti-inflammatory drugs (NSAIDs) that have 

gastrointestinal side effects 
10

. Researchers have 

found flaxseed oil to be effective for treating 

inflammatory conditions like rheumatoid arthritis 
11

.  

Solvent extraction is the most often used technique 

for the isolation of antioxidant compounds from 

flaxseeds 
12

. The best solvents for extracting 

polyphenols from flaxseeds are aqueous mixtures 

containing ethanol, methanol, and acetone 
12

.  

The phytochemical analysis of the ethanol extract 

of flaxseeds found the presence of tannins, 

flavonoids, terpenoids, phenols, proteins, and 

amino acids; however, no saponins, sterols, or 

glycosides 
13

. The researcher found that 

fermentation and germination improved the 

phytochemical composition of M. oleifera seed 

flour methanolic extract 
14

. 

Many publications have been reported on the 

antioxidant and antimicrobial activities of flaxseed 

and deoiled flaxseeds. No reports on the 

phytochemical analysis and bioactive properties of 

the different solvent extracts of fermented and 

germinated deoiled flaxseed flour are available. 

Therefore, the study aimed to determine the best 

solvents for extracting phytochemicals and 

quantitative analysis of total phenols, flavonoids, 

and antioxidant activities of raw, fermented and 

germinated deoiled flaxseed flour. This study also 

aimed to determine the polyphenol and flavonoid 

compounds present in raw, fermented and 

germinated deoiled flaxseed flour extracts by 

HPLC and FT-IR methods. 

MATERIALS AND METHODS: Flaxseeds were 

collected from the local market of Kolkata, West 

Bengal, India. All chemicals and solvents were 

procured from Sigma-Aldrich (MA, USA) and 

Merck (India). Standards like ascorbic acid, gallic 

acid, catechin, butylated hydroxytoluene (BHT), 

ethylenediaminetetraacetic acid (EDTA), α-

tocopherol and diclofenac sodium salt were 

purchased from Sigma Chemical Co. (St. Louis, 

MO, USA). For antioxidant assay ferrozine, 1, 1-

diphenyl-2-picrylhydrazyl (DPPH), 2, 3, 5-

triphenyl-1, 3, 4-triaza-2-azoniacyclopenta-1, 4-

diene chloride (TPTZ), and 2, 2’-azino-bis-3 

ethylbenzothiazoline-6-sulfonic acids (ABTS) were 

purchased from Sigma (St. Louis, MO). 

Standards of phenolic acids like lignan, gallic acid, 

Protocatechuic acid, vanillic acid, catechin, 

quercetin, rutin, ferulic acid, kaempferol and 

anthocyanin were procured from Sigma Chemical 

Co. (St. Louis, MO, USA). HPLC-grade water was 

purchased from Lichrosolv, Merck (Germany) 

(Batch# DL4DF41569), acetonitrile was purchased 

from Spectrochem (Lot# 070101) and 

trifluoroacetic acid was purchased from SRL 

(Batch# 65417(2029282)76-05-1, HS CODE- 

29153990), Phosphoric acid was purchased from 

Fluka (mol. wt: 98, Lot# BC BD2404, peak 

code=101053351 from Fluka). 

Three pathogenic bacterial strains were used for the 

assay of antimicrobial activity. Gram-positive 

bacterial strains, Staphylococcus aureus (MTCC 

96), Bacillus subtilis (MTCC 441), and Gram-

negative bacterial strains, Escherichia coli (MTCC 

443) were collected from the Microbial Type 

Culture Collection and Gene Bank (MTCC), 

Institute of Microbial Technology (IMTECH), 

Chandigarh, India. Each bacterial culture was 

maintained on an individual nutrient agar slant at 

4˚C until further use. 

Preparation of Raw Deoiled Flaxseed Flour: 

Raw flaxseeds were cleaned and dried in a hot air 

oven (Lasin, LSI 002Ds, Labsoul, India) at 50 °C 

for 1 h. After drying, the flaxseeds were ground to 

fine flour using a mixer grinder and oil extraction 

was administered by the solvent extraction method 
15

.  

Raw flaxseed flour (20 g) was soaked in n-hexane 

(200 ml) for 24 h to extract the oil, filtered by 

Whatman No.1 paper. After filtration, the residue 

was collected from the Whatman No.1 paper onto a 

Petri plate. Then the residue was subjected to 

solvent evaporation duringa hot air oven (Lasin, 

LSI 002Ds, Labsoul, India) at 30 °C for 24 h. The 

flour thus obtained was packed in an airtight 

container and was labeled as raw deoiled flaxseed 

flour (RDFF) and stored at a desiccator (Photron-

PHKJ-50S). 
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Preparation of Fermented Deoiled Flaxseed 

Flour: Raw flaxseeds were rinsed with distilled 

water and crushed by mortar pastel. The crushed 

flaxseeds were boiled for 1 h and cooled at room 

temperature. Then these flaxseeds are wrapped in 

blanched banana leaves and kept in an airtight 

plastic container at room temperature for 96 h for 

fermentation 
14

. The fermented flaxseeds were 

taken at 24 h, 48 h, 72h, and 96 h. After each 

interval, the fermented flaxseeds were dried in 

a hot air oven (Lasin, LSI 002Ds) at 50 °C for 24 h, 

and ground to fine flour employing a mixer grinder. 

Fermented deoiled flaxseed flour was prepared 

using the same method described in Materials and 

Methods (section 2.1). Fermented deoiled flaxseed 

flours were designated as  

24h FDFF - 24 h fermented deoiled flaxseed flour. 

48h FDFF - 48 h fermented deoiled flaxseed flour. 

72h FDFF - 72 h fermented deoiled flaxseed flour. 

96h FDFF - 96 h fermented deoiled flaxseed flour. 

Preparation of Germinated Deoiled Flaxseed 

Powder: Raw flaxseeds were rinsed with distilled 

water and spread on a clay tray. A fine cotton cloth 

covered the tray. Water was provided daily to the 

flaxseeds, and they were allowed to germinate 

at room temperature. The germinated flaxseeds 

were taken at 72h, 96h, and 120h. After each 

interval, the germinated seeds were dried in a hot 

air oven (Lasin, LSI 002Ds) at 50 ᵒC for 6 h, and 

ground to fine flour employing a mixer grinder. 

The preparation of germinated deoiled flaxseed 

flour followed the procedure described in Materials 

and Methods (section 2.1). Germinated deoiled 

flaxseed flours were labeled as 

72h GDFF - 72 h germinated deoiled flaxseed 

flour. 

96h GDFF - 96 h germinated deoiled flaxseed 

flour. 

120h GDFF - 120 h germinated deoiled flaxseed 

flour. 

Preparation of RDFF, each FDFF (24h, 48h, 

72h, and 96h) and each GDFF (72h, 96h, and 

120h) Extracts: The extracts of RDFF, each 

FDFF, and each GDFF were prepared in different 

solvents as described by Sultana et al.
16

. 5g of 

RDFF, each FDFF, and each GDFF were 

individually taken in the separate Erlenmeyer flask 

and individually extracted with 50 ml of different 

solvents (80% and 100% methanol, 80% and 100% 

ethanol, 80% and 100% isopropanol). The 

extraction was performed by 24 h continuous 

mixing with a magnetic stirrer set at 300 rpm at 

room temperature. After extraction, the supernatant 

and sediment were filtrated using What-man No. 1 

filter paper. The solvent from each extract was then 

evaporated under vacuum at 45 °C, using a rotary 

evaporator (BUCHI, Vacuum module V-801, 

Vacuum pump V-700 and Rota vapor R-3) and 

each residual extract was stored in an individual 

airtight glass vial at 4℃ for further use. Each 

residual extract designate as  

80% ME: 80% methanolic extract. 

100% ME: 100% methanolic extract. 

80% EE: 80% ethanolic extract. 

100% EE: 100% ethanolic extract. 

80% IE: 80% isopropanolic extract. 

100% IE: 100% isopropanolic extract. 

Determination of Total Phenolic Content (TPC) 

of 80% ME, 100% ME, 80%EE, 100% EE, 80% 

IE and 100% IE of RDFF, each FDFF (24h, 48h, 

72h, 96h) and each GDFF (72h, 96h, 120h): The 

total phenolic content of each residual extract was 

done by the Folin-Ciocalteu procedure 
17

. 0.2 ml 

(20mg/ml) of each residual extract was taken into 

separate test tubes containing 0.8 ml of methanol. 

2.5 ml of Folin-Ciocalteu reagent (Folin: water 1:9 

v/v) and 2 ml of Na2CO3 (7.5%) were added to 

each test tube and mixed thoroughly. The mixture 

was left to stand for 30 min in the dark at room 

temperature and the absorbance of the sample was 

measured against a reagent blank at 760 nm by 

using a spectrophotometer (JASCO V 630, 

Maryland, USA). Gallic acid was used as a 

standard. The results were expressed as mg of 

gallic acid equivalents per 100 g of extracts (mg 

GAE/100g). The total phenolic content was 

calculated by the following equation: 

T = (C × V) / M 
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Where, T= Total phenolic content in mg GAE/g of 

each extract, C= Concentration of gallic acid 

established from the standard curve as mg/ml, V= 

Volume of each extract in ml, M= Weight of each 

extract. 

Determination of Total Flavonoid Content 

(TFC) of 80% ME, 100% ME, 80% EE, 100% 

EE, 80% IE and 100%IE of RDFF, each FDFF 

(24h, 48h, 72h, 96h) and each GDFF (72h, 96h, 

120h): The amount of total flavonoid of each 

residual extract was determined by the procedure 

described by Sultana et al., 
18 

with little 

modification using catechin as standard. 0.2 ml 

(20mg/ml) of each residual extract was taken into a 

separate 10 ml volumetric flask containing 5 ml 

distilled water and 0.3 ml of 5% NaNO2 solution. 

After 5 min 0.6 ml of 10% AlCl3 solution was 

added and the mixture was incubated for 6 min at 

room temperature. Finally, 1 ml of 1M NaOH was 

added and the volume was 10 ml with distilled 

water. The solution was mixed thoroughly, and 

absorbance was recorded at 510 nm using a 

spectrophotometer (JASCO V 630, Maryland, 

USA). The total flavonoid content was calculated 

based on the calibration curve of catechin. The 

results were expressed as mg of catechin 

equivalents per 100 g of extracts (mg CE/100 g). 

Optimization of FDFF and GDFF for 

Antioxidant Activities: TPC and TFC content are 

correlated with antioxidant activities, if TPC and 

TFC increased, antioxidant activities increased as 

well 
19

. So, FDFF and GDFF were optimized 

according to their TPC and TFC content to analyze 

antioxidant activities. 

Antioxidant Activities of 80% ME, 100% ME, 

80% EE, 100% EE, 80% IE and 100% IE of 

RDFF, Optimized FDFF and Optimized GDFF: 

Evaluations of the antioxidant potentiality of 

different solvent extracts (80% ME, 100% ME, 

80% EE, 100% EE, 80% IE, and 100% IE) of 

RDFF, optimized FDFF and optimized GDFF were 

carried out using various antioxidant assays.  

Free Radical Scavenging Activity using the 

DPPH (1, 1-diphenyl-2-picrylhydrazyl) Method: 

The free radical scavenging activity of each extract 

was measured by using 1, 1-diphenyl-2-

picrylhydrazyl (DPPH) according to the procedure 

reported by Kaur et al.
20

. Briefly, 1 ml of 0.1 mM 

DPPH solution (in methanol) was added to 1 ml of 

each extract ranging from 0.05-0.25mg/ml. The 

mixture was vortexed and stood in dark at room 

temperature for 30 min and absorbance was 

measured against a blank at 517 nm using a 

spectrophotometer (JASCO V 630). A methanolic 

solution of DPPH was used as a control. Ascorbic 

acid was used as a positive control. The DPPH 

radical scavenging activity of each extract was 

calculated using the following equation; 

Scavenging activity (%) = (Ac –As) / Ac × 100 

Where Ac was the absorbance of the control 

solution and As was the absorbance of the sample 

solution. The IC50 value was also measured to 

calculate the sample concentration required to 

scavenge 50% of DPPH radicals. A low IC50 value 

indicates high scavenging activity. 

Ferric Reducing Antioxidant Power Assay 

(FRAP): Ferric reducing antioxidant power assay 

was estimated according to Benzie and Strain 
21

. 

The working FRAP reagent was freshly prepared 

by mixing three solutions; 300 mM Acetate buffer 

pH 3.6, 10 mM Tripyridyltriazine (TPTZ) in 40 

mM HCl, and 20 mM FeCl3,6H2O in the ratio of 

10:1:1. 3 ml of FRAP reagent was mixed 

thoroughly to 100 µl of each extract. The 

absorbance was measured at 593 nm using a 

spectrophotometer (JASCO V 630) after 4 min of 

the addition of the FRAP reagent. The FRAP 

values were determined from the standard curve of 

Fe
2+

 (FeSO4.7H2O). Each extract's ferric-reducing 

capacity was expressed as µmol FeSO4 equivalents 

per ml of sample based on the ability to reduce 

ferric ions of the sample.  

Fe
2+

 Chelating Activity: The metal chelating 

activity was measured by using Hsu et al. method 

with some modifications 
22

. 1 ml of each extract 

(0.1 mg/ml – 1.5 mg/ml) was taken into a separate 

test tube containing 3.7 ml methanol. 0.1 ml of 2 

mM FeCl2 and 0.2 ml of 5 mM ferrozine solution 

were added to each test tube. All the mixtures were 

shaken well and incubated for 10 min, at room 

temperature. The absorbance was measured 

spectrophotometrically (JASCO V 630) at 562 nm. 

EDTA was used as a positive control.  
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A mixture without flaxseed extract was used as the 

control. The percentage of ferrous ion chelating 

ability was evaluated using the following equation; 

Chelating activity (%) = (Ac – As / Ac × 100 

Where, Ac = absorbance of the control, As = 

absorbance of the sample solution. The IC50 value 

was measured to calculate the sample concentration 

required to chelate 50% Fe
2+

 and ferrozine 

complex.  

Reducing Power Assay: The reductive potential of 

each extract was done according to the method of 

Oyaizu with some modifications 
23

. Each extract (1 

ml) was mixed with 2.5 ml of 0.2M sodium 

phosphate buffer (pH 6.6) and 2.5 ml of 1% 

potassium ferricyanide. Each mixture was 

incubated at 50 ᵒC for 20 min. Then 2.5 ml of 10% 

trichloroacetic acid was added to each mixture and 

the mixture was centrifuged at 1000 rpm for 10 

min. Each supernatant (2.5 ml) was mixed with 

deionized water (2.5 ml) and 0.5 ml of 0.1% of 

ferric chloride. The absorbance was measured at 

700 nm using a spectrophotometer (JASCO V 630). 

The reducing power of each sample was calculated 

based on the calibration curve of butylated 

hydroxytoluene (BHT). 

ABTS Radical Scavenging Activity Assay: The 

ABTS (2, 2’-azino-bis-3-ethylbenzthiazoline-6-

sulfonic acid) radical scavenging activity of each 

extract was assessed by the method described by 

Re et al., with little modification 
24

. The ABTS 

radical cation (ABTS•+) was chemically prepared 

by mixing 5.0 ml of ABTS solution (7 mM) with 

88 µl of 140 mM potassium persulfate. The mixture 

was incubated in the dark for 16 h at room 

temperature. To prepare the standard working 

solution of ABTS radical, an aliquot of ABTS 

solution was diluted with 80% ethanol to get an 

absorbance of 0.7-0.75 at 743nm. Different 

concentrations of each extract (1 mg/ml-20 mg/ml) 

were mixed with 190 µl of ABTS radical working 

solution and incubated for 15 min at room 

temperature in dark. The absorbance was measured 

at 734 nm using a spectrophotometer (JASCO V 

630). α-tocopherol was used as the positive control. 

The percentage of scavenging activity on the ABTS 

of each extract was calculated according to the 

following equation; 

ABTS radical scavenging effect (%) = [1 – (Ac –As / Ac] × 

100 

Where, Ac = absorbance of the control, AS = 

absorbance of the sample. The IC50 value was 

measured to calculate the sample concentration 

required to scavenge 50% ABTS radicals.  

Identification of Phenolic and Flavonoid 

Compounds for 80%EE of RDFF, Optimized 

FDFF and Optimized GDFF by HPLC: 

Identification of phenolic compounds and 

flavonoid compounds was carried out by high-

performance liquid chromatography (HPLC). 

HPLC analyses were performed with MDLC model 

#2695 (Multidimensional liquid chromatography, 

Waters) using EMPOWER#2 software with a 2487 

dual λ absorbance detector. Individual compounds 

were separated on a Symmetry reverse phase C18 

column (5 µm, 250 mm, and 4.6 mm i.d.). 

Preparation of Standard Solutions: Several 

phenolic acids and flavonoids were used as 

standard. 1 mg/ml concentrated stock solution was 

prepared for each of these standards. 1 mg of each 

standard was dissolved in 0.5 ml HPLC grade 

methanol and then the volume was made up to 1 ml 

with the mobile phase solvent (0.1% Phosphoric 

acid in water and 90% Acetonitrile). Before 

injection, all the standard and the test sample 

solutions were filtered through a 0.22 μM 

Polyvinyl Difluoride syringe filter. 

HPLC Analysis: The solvent system consisted of 

solvent (A) 0.1% phosphoric acid in the water, and 

solvent (B) 90% acetonitrile in water was used in 

the HPLC analysis of each extract. The column was 

thermostated at 25ºC. The injection volume of each 

sample was kept at 100μl and the flow rate was 

adjusted to 1ml/min. 

A gradient elution method was performed by 

varying the solvent B to A proportion. The gradient 

elution was changed from 0 to 20% B and 100 to 

80% of A within 0-5 min, from 20 to 30% of B and 

80 to 70% of A in 5-15 min, from 30 to 20% of B 

and 70 to 80% of A in the next 14-20 min. In the 

last 5 min of the total 25 min run time, the mobile 

phase composition is back to the initial condition 

(0% B and 100% A).  
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HPLC chromatograms were detected using a 

photodiode array UV detector at three different 

wavelengths (280, 210 and 370 nm) according to 

the absorption maxima of the analyzed compounds. 

Each compound was identified by comparing its 

retention time and absorption with those of 

standard materials under the same conditions.Test 

samples were quantified using integrated peak 

areas, and content was calculated using a 

calibration curve based on peak area about the 

concentration of a standard sample. 

FT-IR Spectroscopic Analysis of 80%EE of 

RDFF, Optimized FDFF and Optimized GDFF: 

The Fourier-transform infrared spectroscopy 

(FTIR) is a phenotypic method, which measures the 

infrared absorption of molecules, such as fats, 

carbohydrates, nucleic acids, and proteins, resulting 

in an FTIR spectrum that provides information on 

the sample's overall composition 
25

.  

The chemical bonds in a compound can be 

determined by interpreting the infrared absorption 

spectrum. FT-IR of 80% EE of RDFF, optimized 

FDFF, and optimized GDFF were determined by 

the method described by Rohman and Che man 
26

. 

One drop of each extract was placed on the surface 

of the ATR (Attenuated total reflection) crystal in 

FTIR spectroscope (Bruker-55model), with a scan 

range from 4000 to 450 cm
-1

 at a nominal 

resolution of 4 cm
-1

 for detection of the functional 

group of the samples with the help of FT-IR 

correlation chart. 

Antibacterial Activity of 80% EE of RDFF, 

Optimized FDFF and Optimized GDFF: The 

antibacterial activity was assessed by the agar well 

diffusion method against Staphylococcus aureus, 

Bacillus substilis and E. coli culture 
27

. These 

cultures were inoculated separately in nutrient 

broth and were incubated overnight at 37°C. Each 

of the bacterial cultures (20μl) was spread 

separately on separate Muller Hinton agar plates. 

The wells were cut into the Muller Hinton agar 

plates with the help of a sterile cork borer. Then 

each well of the agar plate was filled with 100μl of 

80%EE of RDFF, optimized FDFF, and optimized 

GDFFalong with control (distilled water). The 

plates were incubated in an upright position at 37°C 

for 24 h. After the incubation period, the diameter 

of the inhibition zones was calculated for all plates. 

In-vitro Antiarthritic Activity of 80% EE of 

RDFF, Optimized FDFF and Optimized GDFF: 

The in-vitro antiarthritic activity of 80% EE of 

RDFF optimized FDFF and optimized GDFF were 

tested using the bovine serum protein denaturation 

method 
28

.  

Percentage inhibition = 100 – (Absorbance of test solution – 

Absorbance product control / Absorbanec of test control / 100 

Statistical Analysis: Each experiment was 

conducted at least in triplicate. All values were 

means ± standard deviation of three samples. The 

one-way analysis of variance (ANOVA) was used 

to compute a statistical decision and the means 

were compared across groups by the Tukey HSD 

test. P ≤ 0.05 and P ≤ 0.01 were considered 

statistically significant. 

RESULTS AND DISCUSSION: 

Determination of Total Phenolic Content (TPC) 

of 80% ME, 100% ME, 80% EE, 100% EE, 

80% IE and 100% IE of RDFF, each FDFF 

(24h, 48h, 72h, 96h) and each GDFF (72h, 96h, 

120h): The TPC method is used to determine the 

phenolic content of plant-based samples. Phenolic 

compounds found in plants have redox properties, 

and their properties allow them to act as 

antioxidants 
29

. The TPC of each extract of RDFF, 

FDFF (24h, 48h, 72h, and 96h) and GDFF (72h, 

96h, 120h) was calculated by using the Gallic acid 

standard curve. TPC of each extract was presented 

in Table 1, which indicated that different solvent 

extracts of RDFF contained 1628±8.19
a
 to 

3103±8.19
a
 mg GAE/100g, FDFF contained 

1920±8.54
b
 to 3250 ± 8.00

d
 mg GAE/100g and 

GDFF contained 2028±7.02
e
 to 3813 ± 9.00

f
 mg 

GAE/100g of TPC. The highest phenolic 

compound concentration was exhibited by 96h 

GDFF extracts, followed by 72h FDFF extracts. 

Whereas, RDFF extracts were found to contain the 

least concentrations of phenol. Table 1 also 

indicated that 80% ethanol extract of RDFF, all 

FDFF, and all GDFF contained higher TPC than 

those present in other solvents extracts of RDFF, 

FDFF, and GDFF. These results were consistent 

with previous research results in 
15

 that 80% 

ethanol flaxseed extract had higher TPC than 100% 

ethanol, 80% methanol, and 100% methanol 

flaxseed extracts. Olawoye and Gbadamosi 

determined the TPCs of raw, fermented and 
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germinated amaranth seed flour methanolic extracts 

and observed that the TPCs of fermented and 

germinated amaranth seed flour methanolic extracts 

were higher than raw amaranth seed flour which 

was similar to the present study 
7
. GDFF had a 

higher TPC than RDFF, perhaps because of the 

enzyme hydrolysis during germination that causes 

the biosynthesis of phenolic compounds 
7
. TPC of 

FDFF was also higher than RDFF, which may 

result from proteolytic enzymes from the 

microorganism hydrolyzing phenolic compounds 

into simpler and more biologically active 

compounds readily absorbed during fermentation 
30

. The phenolic compounds in seeds contribute 

most significantly to their antioxidant properties 

and play a key role in preventing and controlling 

degenerative diseases 
7
. 

TABLE 1: TOTAL PHENOLIC CONTENT (MG GAE/ 100GM) OF 80%ME, 100%ME, 80%EE, 100%EE, 80%IE, 

AND 100%IE OF RDFF, EACH FDFF (24H, 48H, 72H, 96H) AND EACH GDFF (72H, 96H, 120H) 

Samples 80% ME 100% ME 80% EE 100% EE 80% IE 100% IE 

RDFF 2047±5.57
a
 2408±8.74

a
 3103±8.19

a
 2087±12.49

a
 1915±7.00

a
 1628±8.19

a
 

24h FDFF 2844±7
b
 2957±10.07

b
 3126±8.02

b
 2797±7

b
 2089±10.07

b
 1920±8.54

b
 

48h FDFF 2967±8.54
c
 3025±12.49

c 
3167±8.19

c
 2873±8.62

c
 2130±8.00

c
 1986±7.57

c
 

72h FDFF 3064±8.89
d
 3100±11.14

d
 3250±8.00

d
 2948±9.85

d
 2144±9.64

c
 2078±7.55

d
 

96h FDFF 3003±9.50
e
 2996±9.02

e
 3152±9.17

c
 2831±7.94

e
 2107±8.08

bc
 2007±8.19

c
 

72h GDFF 2700±7.51
f
 3569±7.09

f
 3698±7.02

e
 2909±6.00

f
 2151±5.51

c
 2028±7.02

e
 

96h GDFF 2894±8.19
g
 3700±11.14

g
 3813±9.00

f
 3035±8.00

g
 2278±9.17

d
 2183±7.00

f
 

120h GDFF 2795±7.51
h
 3596±6.24

f
 3719±6.03

e
 2966±7.00

d
 2208±6.51

e
 2085±5.69

d
 

All values were presented as mean ± standard deviation for triplicate experiments; mean values with different superscript letters 

within the same column indicated significant (p<0.05) differences. 

Determination of Total Flavonoid Content 

(TFC) of 80%ME, 100%ME, 80%EE, 100%EE, 

80%IE, and 100%IE of RDFF, each FDFF (24h, 

48h, 72h, 96h) and each GDFF (72h, 96h, 120h): 

Flavonoids are structural derivatives of flavones, 

containing conjugated aromatic systems, which are 

bound to sugar(s) as glycosides 
31

. Flavonoids are 

polyphenolic plant compounds and they have been 

shown to exhibit anti-inflammatory, anti-

thrombogenic, anti-diabetic and neuroprotective 

properties through diverse mechanisms 
32

. The total 

flavonoid content of each extract was calculated 

using the standard calibration curve of catechin. 

The TFCs of different solvent extracts of RDFF 

ranged from 228.87±1.42
a
 to 410.00±2.38

ab
 mg 

CE/100 g, FDFF ranged from 220.20±1.71
b
 to 

421.00±1.98
d
 mg CE/100 g, and GDFF ranged 

from 295.20±1.38
e
 to 456.00±2.01

e
 mg CE/100 g 

of extract Table 2. The highest flavonoid content 

was found in 96h GDFF extracts, followed by 72h 

FDFF extracts, and a lower level was found in 

RDFF extracts. TFCs of RDFF, all FDFF and all 

GDFF extracts were high when using 80% ethanol 

as extracted solvent. Anwar and Przybylski, 

reported that the TFC of flaxseed extract was high 

when 100% methanol was used as the extraction 

solvent, contrary to the present study 
15

. Uchegbu 

and Amulu also identified that germination 

improved the flavonoid content of African yam 

beans 
33

. Researchers speculate that some 

secondary plant metabolites such as anthocyanins 

and flavonoids may be produced during the 

germination process of seeds 
33

. According to 

Adetuyi and Ibrahim, fermented okara seeds 

contained more TFC than nonfermented okara 

seeds 
30

. This increase may be due to increased 

acidic value during fermentation, which liberates 

bound flavonoid components and makes them more 

bioavailable. Flavonoids are potent water-soluble 

antioxidants and free radical scavengers that 

prevent oxidative cell damage, have strong 

anticancer activity, and protect against the different 

levels of carcinogenesis. Flavonoids help to lower 

the risk of heart disease 
31

. 

TABLE 2: TOTAL FLAVONOID CONTENT (MG GAE/ 100GM) OF 80%ME, 100%ME, 80%EE, 100%EE, 80%IE 

AND 100%IE OF RDFF, EACH FDFF (24H, 48H, 72H, 96H) AND EACH GDFF (72H, 96H, 120H) 

Samples 80% ME 100% ME 80% EE 100% EE 80% IE 100% IE 

RDFF 282.40±2.07
a
 354.00±1.93

a
 410.00±2.38

ab
 273.00±1.88

a
 248.24±2.48

a
 228.87±1.42

a
 

24h FDFF 271.86±1.33
b
 335.84±2.20

b
 401.04±1.47

a
 275.80±2.20

a
 220.20±1.71

b
 230.52±1.56

a
 

48h FDFF 285.76±2.27
a 

350.81±2.29
a 

412.13±1.56
c 

289.86±1.97
b 

234.95±1.29
c 

237.15±1.84
b 

72h FDFF 307.97±2.57
c
 364.00±2.99

c
 421.00±1.98

d
 298.00±1.51

c
 277.00±2.07

d
 252.95±2.79

c
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96h FDFF 280.75±1.61
a
 340.97±2.57

b
 406.30±1.89

b
 285.79±1.28

b
 229.82±1.56

e
 245.47±1.93

d
 

72h GDFF 386.28±1.28
d
 394.28±1.47

d
 419.55±1.30

d
 411.55±1.10

d
 316.41±1.10

f
 295.20±1.38

e
 

96h GDFF 409.04±1.56
e
 422.00±1.56

e
 456.00±2.01

e
 434.00±1.08

e
 355.82±1.10

g
 314.15±1.61

f
 

120h GDFF 391.23±1.24
d
 403.11±0.84

f
 426.80±1.05

f
 415.40±1.38

d
 319.40±1.53

f
 300.36±0.96

g
 

All values were presented as mean ± standard deviation for triplicate experiments; Mean values with different superscript letters 

within the same column indicated significant (P< 0.05) differences. 

Antioxidant Activities of 80%ME, 100%ME, 

80%EE, 100%EE, 80%IE, and 100%IE of 

RDFF, 72h FDFF and 96h GDFF: Antioxidant 

activities were done with each extract of RDFF, 

72h FDFF, and 96h GDFF. 72h FDFF and 96h 

GDFF extracts were optimized for antioxidant 

activity because maximum TPC and TFC were 

achieved on those days.  

Free Radical Scavenging Activity using the 

DPPH: DPPH assay is one of the most common 

and simple methods used to evaluate antioxidant 

activity. The decolorization of methanol solution of 

DPPH determined the hydrogen atom donating 

ability of the antioxidant molecule. DPPH in 

methanol produces purple color and fades to shades 

of yellow color in the presence of antioxidants 
28

. 

In the present study, DPPH radical scavenging 

activity of the different solvent extracts of RDFF, 

72h FDFF and 96h GDFF were evaluated and 

presented in Table 3. The maximum DPPH radical 

scavenging activity of RDFF extract was obtained 

from 80% EE of RDFF at a concentration of 0.25 

mg/ml (57.16±0.15
c 

%) and the IC50 value was 

found to be 0.197±0.002
d 

mg/ml. These findings 

were lower than the earlier studies of the 

antioxidant activity of 80% ethanolic flaxseed 

extract (87.5% at 25 μg/ml) 
15

. According to Table 

3, the highest DPPH radical scavenging activity 

was obtained from 80% EE of 96h GDFF at a 

concentration of 0.25 mg/ml (70.11±0.18
c 

%), and 

IC50 value was determined as 0.113±0.001 mg/ml. 

The 72h FDFF 80% EE also exhibited good DPPH 

radical scavenging activity (68.19±0.18
c
 % at 0.25 

mg/ml). These findings correlated well with 

Olawoye and Gbadamosi, who reported that 

fermentation and germination increased the DPPH 

radical-scavenging ability of amaranth seed flour 

methanolic extracts 
7
.  

Ascorbic acid was used as positive control and 

significantly higher scavenging activity 

(88.13±0.11
c 

% at 0.25 mg/ml) than RDFF, 72h 

FDFF, and 96h GDFF extracts. The high 

scavenging property of 96h GDFF extracts may be 

due to the presence of hydroxyl groups within the 

chemical structure of phenolic compounds, which 

are capable of providing the necessary component 

for radical scavenging 
33

. It has also been observed 

that fermentation caused a significant (p < 0.05) 

increase in the DPPH radical-scavenging ability of 

okra seeds which was similar to the present study 
30

. This may be due to the release of phenolic and 

isoflavone aglycones during fermentation by the 

catalytic action of β-glucosidase and the formation 

of reductones during fermentation 
30

. This study 

observed that the DPPH radical-scavenging activity 

of RDFF, 72h FDFF and 96h GDFF extracts 

increased in correlation with TPC and TFC, so 

there was a positive correlation between TPC, TFC 

and DPPH radical-scavenging activity of those 

extracts. 

TABLE 3: DPPH RADICAL SCAVENGING ACTIVITY (%) AND IC50 VALUE OF 80%ME, 100%ME, 80%EE, 

100%EE, 80%IE, AND 100%IE OF RDFF, 72H FDFF, AND 96H GDFF AND ASCORBIC ACID 

 Sample extract/ Conc. (mg/ml) 0.05 0.15 0.25 IC50 value (mg/ml) 

 

 

 

RDFF 

80% ME 25.23±0.21
 a
 40.26±0.24

 b
 55.21±0.21

 c
 0.215±0.002

 d
 

100% ME 28.24±0.22
 a
 40.17±0.17

 b
 54.21±0.21

 c
 0.210±0.002 

d 

80% EE 31.18±0.16
 a
 43.16±0.14

 b
 57.16±0.15

 c
 0.197±0.002

 d
 

100% EE 26.13±0.12
 a
 40.06±0.12

 b
 54.18±0.16

 c
 0.220±0.001

 d
 

80% IE 22.07±0.13
 a
 36.10±0.17

 b
 50.14±0.24

 c
 0.249±0.001

 d
 

100% IE 20.20±0.18
 a
 32.11±0.18

 b
 45.18±0.16

 c
 0.290±0.001

 d
 

 

 

72h FDFF 

80% ME 32.23±0.21
 a
 50.25±0.22

 b
 65.18±0.18

 c
 0.155±0.001

 d
 

100% ME 36.22±0.20
 a
 50.21±0.20

 b
 67.23±0.20

 c
 0.142±0.002

 d 

80% EE 36.88±0.09
 a
 55.52±0.46

 b
 68.19±0.18

 c
 0.127±0.002

 d
 

100% EE 32.07±0.12
 a
 47.94±0.11

 b
 65.03±0.14

 c
 0.160±0.001

 d
 

80% IE 30.09±0.15
 a
 44.14±0.12

 b
 60.11±0.19

 c
 0.185±0.001

d
 

100% IE 28.09±0.16
a
 41.23±0.20

 b
 54.19±0.19

 c
 0.217±0.001

 d
 

 80% ME 35.21±0.21
 a
 46.24±0.22

 b
 66.23±0.21

 c
 0.162±0.002

 d
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96h GDFF 

100% ME 34.22±0.20
 a
 46.24±0.23

 b
 64.26±0.24

 c
 0.154±0.001

 d 

80% EE 40.19±0.18
 a
 56.22±0.20

 b
 70.11±0.18

 c
 0.113±0.001

 d
 

100% EE 31.14±0.13
 a
 47.17±0.16

 b
 63.14±0.14

 c
 0.168±0.001

 d
 

80% IE 26.10±0.10
 a
 40.11±0.20

 b
 54.27±0.24

 c
 0.220±0.001

 d
 

100% IE 25.11±0.18
 a
 40.19±0.18

 b
 52.12±0.21

 c
 0.230±0.001

 d
 

Ascorbic acid 50.15±0.13
 a
 72.08±0.14

 b
 88.13±0.11

 c
 0.044±0.001

 d
 

All values were presented as mean ± standard deviation for triplicate experiments; mean values with different superscript (
a, b, c, 

d
) letters within the same row indicated significant (p< 0.01) differences. 

Ferric Reducing Antioxidant Power Assay 

(FRAP): FRAP assay is used to measure the 

antioxidant power reacting with a ferric 

tripyridyltriazine [Fe
3+

-TPTZ] complex and 

producing a blue color ferrous tripyridyltriazine 

[Fe
2+

-TPTZ] with an absorption maximum at 593 

nm
21

. The FRAP values of RDFF, 72h FDFF and 

96h GDFF extracts were presented in Table 4. 

Among all the extracts the highest reduction 

potential was shown by 80% EE of 96h GDFF 

(13.26±0.04
c 

µM/ml) followed by 80% EE of 72h 

FDFF and RDFF. The lowest reduction potential 

was observed in 100% IE of RDFF 

8.37±0.05
a
µM/ml. In another study, the reducing 

potential of the raw, fermented, and germinated 

amaranth seed flour methanolic extracts was 

estimated based on FRAP assay and reported that 

fermentation and germination increased the 

reducing power of amaranth seed flour methanolic 

extracts 
7
. The increase in reducing the power of 

fermented samples is probably due to bioactive 

compounds' synthesis or enzymatic transformation 

during fermentation 
7
. 

TABLE 4: FERRIC REDUCING ANTIOXIDANT POWER ASSAY OF 80% ME, 100%ME, 80% EE, 100% EE, 80% 

IE, AND 100% IE OF RDFF, 72H FDFF AND 96H GDFF 

Sample RDFF (µM/ml) 72h FDFF (µM/ml) 96h GDFF (µM/ml) 

80% ME 10.97±0.05
a
 11.44±0.10

b
 12.50±0.04

c
 

100% ME 11.08±0.05
a 

11.58±0.08
b 

12.75±0.04
c 

80% EE 11.29±0.06
a
 11.82±0.11

b
 13.26±0.04

c
 

100% EE 10.31±0.05
a
 11.25±0.06

b
 11.81±0.05

c
 

80% IE 9.18±0.06
a
 9.07±0.07

a
 10.01±0.04

c
 

100% IE 8.37±0.05
a
 8.47±0.09

a
 9.64±0.07

c
 

All values were presented as mean ± standard deviation for triplicate experiments; mean values with different superscript (
a, b, c

) 

letters within the same row indicated significant (p< 0.01) differences. 

Fe
2+

-chelating Antioxidant Activity: Metal 

chelating is usually regarded as the most potent and 

common antioxidant method. It has been reported 

that antioxidants have an effective Fe-binding 

ability due to their functional groups that act as 

metal binders. Interactions between Fe ions and 

antioxidant compounds may also alter their 

biological effects, including their antioxidant 

properties 
34

. A ferrous ion chelating assay is 

conducted with chelating agent ferrozine (a 

secondary antioxidant), which interferes with the 

formation of the ferrozine-Fe2+ complex, reducing 

color. The reduction of color measured at 550 nm 

evaluates the antioxidant potential of the chelating 

agents 
34

. The metal chelating activity reduces the 

redox potential by reducing the concentration of the 

transition metal ion (Fe
2+

) which acts as a catalyst 

in lipid peroxidation and hydrogen peroxide 

degradation through Fenton reactions 
35

. In the 

present study, as a standard, the ferrous ion 

chelating activity of RDFF, 72h FDFF, and 96h 

GDFF extracts and Ethylene diamine tetraacetic 

acid (EDTA) were estimated and were presented in 

Table 5. As shown in Table 5, metal chelating 

activities of different solvent extracts of RDFF, 72h 

FDFF, and 96h GDFF were within the range of 

52.07±0.12
d
 % to 68.85±0.14

d
 % at 1.5mg/ml. The 

metal chelating activity of standard EDTA was 

found to be 83.06±0.12
d
 % at 1.5 mg/ml. The 

maximum Fe
2+

 chelating activity was found in 96h 

GDFF extract (IC50 value. 0.61±0.005
 e 

mg/ml) 

followed by 72h FDFF (IC50 value. 0.65±0.003
e
 

mg/ml) and RDFF (IC50 value. 0.83±0.005
e
 mg/ml) 

extracts when extracted with 80% ethanol. Due to 

germination, phenolic compounds are degraded and 

their structure is altered to different products 

exhibiting higher antioxidant and metal chelating 

activity 
36

. In another study, Gaffar et al. reported 

that Fe
2+

 chelating activities of five flaxseed 

cultivars namely (Amon, Blanka, Lithuania, 
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Sakha1 and Teka) ranged from 36.03 ± 0.49 % to 

50.74 ± 0.27 % 
37

. According to Olawoye and 

Gbadamosi, Fe
2+

 chelating activity of fermented 

amaranth seed flour methanolic extract was higher 

than germinated amaranth seed flour methanolic 

extract contradictory to the present study 
7
. 

TABLE 5: Fe
2+

 - CHELATING ANTIOXIDANT ACTIVITY AND IC50 VALUE OF 80%ME, 100%ME, 80%EE, 

100%EE, 80%IE AND 100%IE OF RDFF, 72H FDFF, AND 96H GDFF AND EDTA 

 

 
Sample extract/ Conc. 

(mg/ml) 

0.1 0.5 1.0 1.5 IC50 value 

(mg/ml) 

 

 

RDFF 

80% ME 34.14±0.13
a
 43.00±0.09

b
 53.00±0.11

c
 60.07±0.08

 d
 0.91±0.006

e
 

100% ME 38.68±0.12
 a
 42.66±0.08

 b
 50.03±0.05

c
 61.08±0.08

 d
 0.87±0.003 

e 

80% EE 34.06±0.12
 a
 44.13±0.12

 b
 52.12±0.12

c
 63.07±0.12

 d
 0.83±0.005

 e
 

100% EE 34.54±0.07
 a
 40.56±0.05

 b
 48.05±0.09

 c
 64.13±0.13

 d
 0.93±0.003

 e
 

80% IE 28.07±0.12
 a
 35.52±0.13

 b
 45.64±0.13

c
 56.07±0.12

 d
 1.21±0.006

 e
 

100% IE 25.07±0.13
 a
 33.63±0.13

 b
 40.61±0.11

 c
 52.07±0.12

 d
 1.42±0.006

 e
 

 

 

72h FDFF 

80% ME 37.13±0.11
 a
 45.10±0.11

 b
 53.63±0.13

 c
 67.06±0.10

 d
 0.74±0.004

 e
 

100% ME 39.55±0.09
 a
 44.63±0.12

 b
 54.64±0.13

 c
 66.61±0.11

 d
 0.71±0.006

 e 

80% EE 40.62±0.13
 a
 45.07±0.12

b
 57.14±0.13

 c
 67.07±0.12

 d
 0.65±0.003

 e
 

100% EE 38.11±0.11
 a
 43.14±0.13

 b
 53.08±0.10

 c
 64.12±0.11

 d
 0.80±0.004

 e
 

80% IE 31.08±0.14
 a
 40.07±0.13

 b
 48.56±0.10

 c
 60.14±0.12

 d
 1.02±0.001

e
 

100% IE 30.06±0.10
 a
 38.15±0.13

 b
 48.22±0.21

c
 59.08±0.14

 d
 1.07±0.01

 e
 

 

 

 

96h GDFF 

80% ME 38.14±0.13
 a
 45.36±0.07

 b
 53.61±0.10

 c
 65.61±0.12

 d
 0.74±0.003

 e
 

100% ME 38.05±0.09
 a
 46.14±0.12

 b
 58.07±0.13

 c
 68.85±0.14

 d
 0.65±0.002

 e 

80% EE 40.14±0.13
 a
 47.07±0.13

 b
 58.08±0.10

 c
 67.57±0.13

 d
 0.61±0.005

 e
 

100% EE 37.57±0.13
 a
 43.25±0.09

 b
 55.12±0.12

 c
 65.56±0.10

 d
 0.76±0.005

 e
 

80% IE 33.07±0.13
a
 40.83±0.11

b
 51.07±0.12

c
 60.76±0.10

 d
 0.96±0.005

e
 

100% IE 34.15±0.13
 a
 40.33±0.12

 b
 50.65±0.09

 c
 60.37±0.16

 d
 0.97±0.004

 e
 

EDTA 51.17±0.14
 a
 59.15±0.13

b
 70.05±0.09

 c
 83.06±0.12

 d
 0.076±0.004

e
 

All values were presented as mean ± standard deviation for triplicate experiments; mean values with different superscript (a, b, 

c, d, e) letters within the same row indicated significant (p< 0.01) differences. 

Reducing Power Assay: Reducing power assays 

work on the principle that substances with reduced 

potential react with potassium ferricyanide (Fe3+) 

to form potassium ferrocyanide (Fe2+), which 

reacts with ferric chloride to form ferric–ferrous 

complexes with maximum absorption at 700 nm
38

.  

The reducing power activity of RDFF, 72h FDFF 

and 96h GDFF extracts were shown in Table 6. 

The higher reducing power activity was recorded 

by 80% EE of 96h GDFF (4.92 ±0.03
c
 mg/ml) and 

the lower activity was recorded in 100% IE of 

RDFF (2.34±0.03
a
 mg/ml). Germination and 

fermentation increased the reducing power activity 

of deoiled flaxseeds. James et al. indicated that 

germination increased the reducing power activity 

of African yam bean seed, which was similar to our 

results 
39

. Hassan et al. reported after fermentation 

reducing power activity was increased in “Nabag” 

(Ziziphus spina-Christi L.) seeds 
40

.  

It may occur because fermentation induces a 

structural breakdown of plant cell walls, releasing 

various antioxidant compounds 
40

. Reducing power 

activity is closely related to phenolic content 
16

. 

This study found that 80% ethanol extract of 96h 

GDFF contained the highest amount of total 

phenolics, hence, this may account for its highest 

reducing power activity than RDFF and 72h FDFF. 

TABLE 6: REDUCING POWER ASSAY OF 80% ME, 100% ME, 80% EE, 100% EE, 80% IE, AND 100% IE OF 

RDFF, 72H FDFF, AND 96H GDFF 

Solvent RDFF (mg/ml) 72h FDFF (mg/ml) 96h GDFF (mg/ml) 

80% ME 3.03±0.02
a
 3.11±0.02

b
 3.35±0.03

c
 

100% ME 3.06±0.01
a 

3.15±0.02
b 

3.78±0.03
c 

80% EE 3.13±0.03
a
 3.21±0.01

b
 4.92±0.03

c
 

100% EE 2.92±0.02
a
 3.03±0.01

b
 3.06±0.02

c
 

80% IE 2.46±0.03
a
 2.97±0.03

b
 2.99±0.02

b
 

100% IE 2.34±0.03
a
 2.85±0.03

b
 2.89±0.02

b
 

All values were presented as mean ± standard deviation for triplicate experiments; mean values with different superscript (
a, b, c

) 

letters within the same row indicated significant (p< 0.05) differences. 
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ABTS Radical Scavenging Activity Assay of 

RDFF, 72h FDFF and 96h GDFF Extracts: 

ABTS assay measures how several antioxidants are 

able to scavenge ABTS. The ABTS is produced by 

combining an oxidizing agent (e.g., potassium 

permanganate or potassium persulfate) with the 

ABTS salt. The reduction of the blue-green ABTS 

radical by hydrogen-donating antioxidants is 

determined by suppressing its long-wave 

absorption spectrum 
41

. The ABTS radical assay is 

a widely used method of screening for antioxidant 

activity and is reported as a decolorization assay 

applicable to RDFF, 72h FDFF and 96h GDFF 

extracts. A reduction of the color indicated a 

reduction of ABTS radical. In Table 7 RDFF, 72h 

FDFF and 96h GDFF extracts were effective in 

scavenging radicals. Table 7 revealed that in the 

ABTS assay, the scavenging potential (%) of 

different solvent extracts of RDFF were observed 

in the range of 42.32±0.12
c
 % to 74.05±0.01

c
 % at 

20 mg/ml and IC50 values ranged within 5.06±0.02
d
 

mg/ml to 26.17±0.11
d
 mg/ml. The highest ABTS 

radical scavenging activity (83.45±0.09
c
 % at 20 

mg/ml) was shown in 80% EE of 96h GDFF (IC50 

value- 2.18±0.06 mg/ml), whereas the least radical 

scavenging activity (42.32±0.12
c 

% at 20 mg/ml) 

was exhibited in 100% IE of RDFF. In a similar 

study, Carciochi et al. assayed the antioxidant 

potentials of raw, fermented and germinated quinoa 

seed against ABTS radical and reported that the 

germinated quinoa seed was found to exhibit the 

highest radical scavenging activity followed by 

fermented and raw quinoa seed 
42

. The results 

exhibited the same trend of antioxidant potential of 

RDFF, 72h FDFF, and 96h GDFF extracts in 

DPPH and FRAP assays. 

TABLE 7: ABTS RADICAL SCAVENGING ACTIVITY (%) AND IC50 VALUE OF 80%ME, 100%ME, 80%EE, 

100% EE, 80% IE AND 100% IE OF RDFF, 72H FDFF AND 96H GDFF AND Α-TOCOPHEROL 

 

 
Sample extract/ 

Conc. (mg/ml) 

1 10 20 IC50 value (mg/ml) 

 

 

RDFF 

80% ME 30.35±0.14
 a
 42.57±0.06

 b
 62.48±0.09

 c
 13.21±0.02

 d
 

100% ME 36.20±0.09
 a
 48.57±0.13

 b
 69.37±0.14

 c
 9.55±0.04 

d 

80% EE 42.53±0.05
 a
 59.6±0.01

 b
 74.05±0.01

 c
 5.06±0.02

 d
 

100% EE 31.46±0.07
 a
 45.19±0.06

 b
 64.30±0.12

 c
 12.08±0.03

 d
 

80% IE 14.13±0.12
 a
 26.10±0.09

 b
 44.45±0.09

 c
 23.95±0.03

 d
 

100% IE 15.19±0.17
 a
 24.40±0.17

 b
 42.32±0.12

 c
 26.17±0.11

 d
 

 

72h FDFF 

80% ME 36.47±0.05
 a
 47.16±0.15

 b
 67.47±0.05

 c
 10.11±0.02

 d
 

100% ME 45.42±0.07
 a
 61.13±0.12

 b
 76.48±0.03

 c
 3.60±0.01

 d 

80% EE 45.47±0.05
 a
 58.46±0.07

 b
 70.17±0.05

 c
 4.15±0.02

 d
 

100% EE 40.04±0.07
 a
 54.13±0.12

 b
 72.03±0.05

 c
 7.14±0.05

 d
 

80% IE 22.05±0.08
 a
 34.12±0.11

 b
 52.11±0.13

 c
 19.11±0.07

 d
 

100% IE 15.46±0.07
 a
 28.07±0.12

 b
 45.45±0.09

 c
 23.20±0.07

 d
 

 

96h GDFF 

80% ME 30.54±0.07
 a
 44.07±0.12

 b
 62.10±0.09

 c
 13.00±0.04

 d
 

100% ME 44.05±0.09
 a
 56.05±0.09

 b
 74.04±0.07

 c
 5.25±0.05

 d 

80% EE 47.13±0.12
 a
 66.10±0.09

 b
 83.45±0.09

 c
 2.18±0.06

 d
 

100% EE 42.46±0.07
 a
 57.10±0.09

 b
 72.07±0.12

 c
 5.71±0.02

 d
 

80% IE 22.55±0.09
 a
 44.54±0.07

 b
 53.11±0.10

 c
 16.57±0.04

 d
 

100% IE 20.05±0.09
 a
 31.13±0.12

 b
 49.05±0.09

 c
 21.18±0.06

 d
 

α-tocopherol 54.20±0.06
 a
 70.22±0.10

 b
 99.68±0.09

 c
 0.057±0.003

 d
 

All values were presented as mean ± standard deviation for triplicate experiments; mean values with different superscript (
a, b, c, 

d
) letters within the same row indicated significant (p< 0.01) differences. 

Identification of Phenolic and Compounds for 

80% EE of RDFF, 72h FDFF and 96h GDFF by 

HPLC: The individual profile of phenolic and 

flavonoid compounds of 80%EE of RDFF, 72h 

FDFF and 96h GDFF were identified by HPLC 

coupled to a photodiode array detector. The HPLC 

chromatograms of RDFF, 72h FDFF and 96h 

GDFF extracts were represented in Fig. 1, 2, and 3 

respectively and the phenolic and flavonoid 

compounds of the extracts were depicted in Table 

8. Lignan is a well-known antioxidant that reacts 

with lipid radicals and converts them into stable 

products, which can lower the oxidation rate by 

different mechanisms 
43

. Lignan also prevents 

cancer and diabetes 
44

. The highest amount of 

lignan was present in RDFF extract (25.61%) 

followed by 72h FDFF (22.30%) and 96h GDFF 

(14.985%) extracts. Lignan was found in RDFF, 

72h FDFF and 96h GDFF extracts at 6.939, 7.013, 

and 6.850 min RT respectively. Mukkker et al. also 
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reported that flaxseed contains lignan, 

corroborating this study 
45

. 

Gallic acid is a colorless or slightly yellow 

crystalline phenolic compound that has antioxidant, 

antimicrobial, anti-inflammatory, anticancer, 

gastro-protective, cardio and neuroprotective 

properties 
46

. The present study showed that 80% 

EE of RDFF 72h FDFF, and 96h GDFF contained 

gallic acid at 8.464, 8.435, and 8.663 min RT 

respectively. The highest amount of gallic acid 

10.81% was found in 96h GDFF extract. Gallic 

acid was identified in defatted flaxseed by Kajla et 

al. 
47

. 

Protocatechuic acid is a widely distributed naturally 

occurring phenolic acid. It has important bioactive 

properties and chemopreventive activity, including 

inhibition of generation and scavenging free 

radicals and upregulating antioxidant enzymes 
48

. 

The highest amount of protocatechuic was 

identified in 80%EE of 96h GDFF (10.80%), 

followed by 72h FDFF and RDFF extracts at 7.369, 

7.419, and 7.893 min RT respectively. Azad et al. 

reported that the super olein fraction of flaxseed oil 

contains protocatechuic acid 
49

. 

Vanillic acid is an oxidized vanillin form found in 

edible plants and fruits. The anti-inflammatory 

mechanisms of vanillic acid involved the inhibition 

of oxidative stress and pro-inflammatory cytokine 

production 
50

. The present study showed that 80% 

EE of RDFF and 96h GDFF contained vanillic acid 

at 10.250 min and 10.333 min RT, respectively. 

Vanillic acid was not found in 72h FDFF extract. 

Vanillic acid was found in sesame seed at 10.28 

min RT, similar to the present study 
51

. 

Catechin is a polyphenolic benzopyran compound 

and is important for its bioactive properties. 

Catechin reduces the risk of cardiovascular disease 

by lowering cholesterol and triglyceride levels 
52

. 

Catechin was present in 96h GDFF extract (9.82%) 

at 12.602 min RT which was absent in RDFF and 

72h FDFF extracts. Li et al. reported that catechin 

was present in grape seed extract 
53

. 

Quercetin is a polyphenolic flavonoid compound 

that prevents free radicals damage and enhances the 

body’s antioxidant activity with reduced oxidative 

stress, including the production of nicotine-induced 

ROS for treating diseases such as nicotine 

addiction 
54

. Quercetin was present in 80% EE of 

72h FDFF (13.815%) at 13.815 min RT which was 

absent in RDFF and 96h GDFF extracts. In another 

study, Doshi and Hemant identified quercetin by 

HPLC in Benincasa hispida seed (34%) 
55

. 

Rutin (3, 30, 40, 5, 7-pentahydroxyflavone-3-

rhamnoglucoside) is a flavonol, that helps to 

prevent neuro-inflammation, stroke. It has 

anticonvulsant, anti-Alzheimer, antiarthritic, 

antidiabetic, antihypercholesterolemic, antiulcer, 

antiasthmatic, antiosteoporotic, anticancer, 

antimicrobial and anti-cataract effects 
56

. The 

highest amount of rutin was found in 80% EE of 

72h FDFF (13.63%) at 12.821 min RT followed by 

96h GDFF and RDFF extracts. Doshi and 

Hemantidentified rutin in Benincasa hispida seed 

(21.99%) 
55

. 

Ferulic acid (4-hydroxy-3-methoxy cinnamic acid) 

is a phenolic compound that has a wide range of 

therapeutic effects such as anti-inflammatory, 

antimicrobial, anti-cancer, anti-cholesterolemic, 

and antidiabetic effects 
57

. It also has a 

hepatoprotective effect against toxicity induced in-

vivo by carbon tetrachloride, as reported by 

Srinivasan et al. 
58

. The highest amount of ferulic 

acid was observed in RDFF extract (53.81%) 

followed by 72h FDFF and 96h GDFF extracts at 

13.212, 12.949 and 12.932 min RT respectively. 

Ferulic acid was also found in deoiled flaxseed 

cake by Teh et al. 
59

. 

Kamferol reduces the risk of developing some 

types of cancer including liver, colon, and skin 

cancer 
60

. 80% EE of 72h FDFF exhibited the 

maximum amount of kaempferol (16.88 %) at 

14.334 min RT followed by 80% EE of 96h GDFF 

(7.14%). A little amount of kaempferol was present 

in 80% EE of RDFF (0.004%). By using the HPLC 

method, Shalavadi et al. investigated the gallic acid 

and kaempferol content of Cassia hirsuta seeds 

extracts and noted that kaemferol is more abundant 

in ethanol extract of Cassia hirsuta seeds (0.65%) 
61

.  

The germination process showed a progressive 

increase of phenolic compounds, which was more 

noticeable for gallic acid and protocatechuic acid 

Table 8. Catechin was present in 96h GDFF extract 

which was absent in RDFF and 72h FDFF extracts. 
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72h FDFF extract had the highest amounts of rutin 

and kaempferol. Quercetin was found in 72h FDFF 

extract which was absent in RDFF and 96h GDFF 

extracts. 

 
FIG. 1: THE HPLC CHROMATOGRAM OF 80% EE OF RDFF 

 
FIG. 2: THE HPLC CHROMATOGRAM OF 80% EE OF 72H FDFF 

 
FIG. 3: THE HPLC CHROMATOGRAM OF 80% EE OF 96H GDFF

TABLE 8: HPLC IDENTIFICATION OF PHENOLIC AND FLAVONOID COMPOUNDS PRESENTS IN 80% EE OF 

RDFF, 72H FDFF AND 96H GDFF 

Phenolic compound 80% EE of RDFF (%) 80% EE of 72h FDFF (%) 80% EE of 96h GDFF (%) 

Lignan 25.61 22.30 14.985 

Gallic acid 6.49 3.99 10.81 

Protocatechuic acid 3.07 5.65 10.80 

Vanillic acid 0.006 ND 0.11 

Catechin ND ND 9.82 

Quercetin ND 8.24 ND 

Rutin 0.006 13.63 5.36 

Ferulic acid 53.81 17.60 23.42 

Kaempferol 0.004 16.88 7.14 
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FTIR Spectroscopic Analysis of 80% EE of 

RDFF, 72h FDFF and 96h GDFF: The FTIR 

spectrum of 80% EE of RDFF, 72h FDFF and 96h 

GDFF was presented in Fig. 4. FTIR identified the 

functional groups and chemical bonds present in 

the extracts. The functional group of the active 

components was based on the peak values of IR 

radiation.  

When the extract was passed into the FTIR, the 

functional groups of the components were 

separated based on the ratio of their peak. 80% EE 

of RDFF, 72h FDFF and 96h GDFF had the 

characteristic IR absorptions associated with the 

region 3400-3200 cm
−1

with a very broad band 

indicating the O-H stretch.  

Similarly, Izza et al. reported that the broad 

absorption band located at 3321.96 cm
−1

 was 

assigned to the OH phenolic present in 

moringaseed ethanolic extract 
62

.  

The bands in 2122.8 cm−1, 2135.2 cm−1, and 

2138.6 cm−1 indicated C≡C groups in RDFF, 72h 

FDFF, and 96h GDFF extracts, respectively. 

Garnica-Romo et al. reported that the wave number 

at 2133 cm
−1

 corresponds to C≡C links in flaxseed 

mucilage 
63

. The region of 1650-1600 cm
−1 

confirmed the C=O groups present in 80% EE of 

RDFF, 72h FDFF, and 96h GDFF. Similarly, the 

band at 1604 cm
−1 

can be assigned to the C=O bond 

asymmetric stretching vibration in the flaxseed 

mucilage 
63

.  

80% EE of 96h GDFF showed the characteristic 

absorption band at 1424 cm
−1

 which indicated the 

CH band. This band was absent in RDFF and 72h 

FDFF extracts. A study by Garnica-Romo et al. 

revealed that the peak in 1425 cm
−1

 represents the -

CH bending of flaxseed mucilage 
63

.  

The bands in 1410 cm−1 to 1310 cm−1 indicated 

the -CH3 group present in 80% EE of RDFF, 72h 

FDFF and 96 h GDFF. Tri Prasetya et al. reported 

that the peak at 1372.68 cm
−1

showing -CH3 group 

in papaya seed 
64

.  

In the region, 1100–1000 cm
−1

 indicated the C-OH 

group present in 80% EE of RDFF and 72h FDFF, 

which was absent in 80% EE of 96h GDFF. In 

another study, Izza et al., reported that the peak 

present in 1057.68 cm
-1

, is for the C-OH group 

present in moringaseed ethanolic extract 
62

. 
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FIG. 4: FTIR OF 80% EE OF RDFF [A], 80% EE OF 72H FDFF [B] AND 80%EE OF 96H GDFF [C] 

Antibacterial Activity of 80% EEs of RDFF, 72h 

FDFF and 96h GDFF: From the above study, it 

was observed that 80% EEs of RDFF, 72h FDFF, 

and 96h GDFF were the most promising extracts to 

scavenge free radicals. Therefore these three 

extracts were taken for the study of antibacterial 

activity.  

The antibacterial activity of these three extracts 

was tested against Gram-positive (B. subtilis and S. 

aureus) and Gram-negative (E. coli) bacteria. The 

results were shown in Table 9. 80% EE of 96h 

GDFF showed the highest zone of inhibition 

against Gram-positive bacteria, B. subtilis 

(12.33±0.58 mm), and Gram-negative bacteria, E. 

coli (14.33±0.29 mm). Whereas 80% EE of 72h 

FDFF was developed in the highest inhibitory zone 

against Gram-positive bacteria S. aureus 

(12.33±0.24 mm). According to Amin and Thakur, 

the antibacterial activity of ethanol and chloroform 

extracts of flaxseed was 7.34 mm and 17.67 mm, 

respectively, against Staphylococcus aureus 
13

.  

Similarly, ethanol and chloroform flaxseed extracts 

exhibited antibacterial activity against Bacillus 

substilis 6.72 mm and 7.17 mm respectively 
13

. 

Chloroform extract of flaxseed also showed 

antibacterial activity against E. coli (7.2 mm) 
13

.  

TABLE 9: ANTIBACTERIAL ACTIVITY OF 80% EES OF RDFF, 72H FDFF AND 96H GDFF 

 Zone of inhibition (mm) 

Sample B. subtilis St. Aureus E. coli 

80% EE of RDFF 10.67±0.29
a
 10.67±0.24

a
 12.17±0.29

a
 

80% EE of 72h FDFF 11.37±0.15
b
 12.33±0.24

b
 13.33±0.29

b
 

80% EE of 96h GDFF 12.33±0.29
c
 11.67±0.12

c
 14.33±0.29

c
 

Results were expressed as mean ± SD (n=3). Mean Values having different superscript letters in columns were significantly 

different (p≤0.05). 

Antiarthritic Activity of 80% EE of RDFF, 72h 

FDFF and 96h GDFF: BSA was used in the anti-

denaturation study to investigate the antiarthritic 

activity.  

In response to heat, BSA undergoes denaturation 

and antigens are expressed that cause type-III 

hypersensitivity reactions, which, in turn, lead to 

diseases like serum sickness, glomerulonephritis, 

rheumatoid arthritis, and systemic lupus 

erythematosus 
65

.  

Changes in electrostatic, hydrogen, hydrophobic, 

and disulphide bonds 65 most likely cause 

denaturation. The antiarthritic activity of 80% EEs 

of RDFF, 72h FDFF and 96h GDFF were presented 

in Table 10. Maximum inhibition of bovine serum 

denaturation was observed in 80% EE of GDFF 

(39.30±0.16
c 

% at 0.1 mg/ml) followed by 72h 

FDFF and RDFF. Diclofenac sodium used as 

standard showed 83.03 ± 0.37
d
 % inhibition of 

denaturation of bovine serum at 0.1mg/ml.  

To the best of our knowledge, the present study 

reported for the first time the antiarthritic activity 

of RDFF, 72h FDFF and 96h GDFF extracts. Singh 

et al. reported that flaxseed oil has antiarthritic 

activity 
66

. The promising activities of the 80% EE 

of 96h GDFF support their traditional use in 

treating arthritis, rheumatism and other chronic 

inflammatory diseases.  
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TABLE 10: ANTIARTHRITIC ACTIVITY OF 80% EES OF RDFF, 72H FDFF AND 96H GDFF 

Sample Antiarthritic activity (%) 

 0.05 mg/ml 0.1 mg/ml 

80% EE of RDFF 7.26 ± 0.14
a
 21.64 ±0.09

a
 

80% EE of 72h FDFF 10.18 ± 0.27
b
 26.64±0.16

b
 

80% EE of 96h GDFF 23.02 ± 0.12
c
 39.30±0.16

c
 

Diclofenac sodium 75.10 ± 0.26
d 

83.03 ± 0.37
d 

Results were expressed as mean ± SD (n=3). Mean Values having different superscript letters in columns were significantly 

different (p≤0.05). 

CONCLUSIONS: The total phenolic content, 

flavonoid content, and antioxidant activities were 

more in 96h GDFF extracts than RDFF and 72h 

FDFF extracts. RDFF, 72h FDFF and 96h GDFF 

extracts have the highest TPC, TFC and antioxidant 

activities when extracted with 80% ethanol, 

compared to other solvents. The germination and 

fermentation processes enhanced some phenolic 

and flavonoid compounds in flaxseed. Both 

fermentation and germination processes improved 

antibacterial activity and antiarthritic activity. From 

this study, it was concluded that the presence of 

polyphenol compounds in the 80% EE of RDFF, 

72h FDFF and 96h GDFF had antioxidant, 

antibacterial and antiarthritic  
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