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Abstract: Linum usitatissimum (L.), the flax, and Sesamum indicum (L.), the sesame seeds are rich 
sources of lignans, SDG, and Sesamin (Sm) respectively. In the present study, SDG and Sm from 
flaxseed (FS) and sesame seed (SS), respectively, were isolated, characterized, and their potential 
synergistic antioxidant and antimicrobial activities were investigated. The HPLC analyses confirmed 
the purity of SDG and Sm from the seeds of FS and SS. The antimicrobial activity of SDG + Sm in 
combination was studied by well diffusion against Gram-negative bacteria - Escherichia coli, and 
Klebsiella pneumoniae, and Gram-positive bacteria -Staphylococcus aureus and Bacillus subtilis. 
SDG+Sm synergistically showed antifungal activity against Candida albicans. The combined SDG + 
Sm significantly arrests (p<0.001) bacterial growth compared to their individual use as SDG and 
Sesamin. Furthermore, it also quenched free radicals produced by Fentons’ reagent studied by DNA-
nicking assay, which indicated strong antioxidant property with the capacity to protect DNA. Overall, 
the results of our current study encourage the combined use of the lignans SDG and Sm from flax and 
sesame seeds in a wide range of applications as natural preservatives with pharmacological effects 
such as antioxidant, antimicrobial, and antifungal agents, which exhibited maximum growth 
inhibition against bacteria, fungi and showed effective antioxidant activity (p<0.001) aid in their 
promotion as pharmaceutical and nutraceutical agents. 
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1. INTRODUCTION 
 Lignans, which are also known as phytoestrogens are polyphenolic compounds widely 

distributed in plants. The precursors of lignans such as pinoresinol, lariciresinol, secoisolariciresinol, 

matairesinol, and others are found in a wide variety of plant-based foods, including seeds, whole 

grains, legumes, fruit, and vegetables. The lignans are non-nutrient, non-caloric bioactive 

components, and their highest concentration is found in flax and sesame seeds while lower 

concentrations in grains, other seeds, fruits, and vegetables. Aglycons specifically, sesamin and 

sesamolin are the major antioxidant lignans.  After consumption of  FS and SS, the colon microflora 

convert both plant lignan SDG and Sm into mammalian lignans enterodiol (ED), and enterolactone 

(EL), which exert various health-promoting properties[1,2].  

Flaxseeds (Linum usitatissimum L.) present an incredible enthusiasm because of the high 

substance of bioactive mixes (phenolic acids and lignans), dietary fiber, and fundamental omega 3, 6, 

and 9 unsaturated fatty acids [3, 4]. The parts of flaxseeds, which give various medical advantages, 

are fiber, lignans, and unsaturated fats (omega-3 and omega-6) [5]. 

Sesame seeds (Sesamum indicum L.), developed essentially in India, China, and Myanmar, by 

a wide margin, and is the major source of clinically significant what are known as sesame lignans. 

There are eleven distinctive fat dissolvable aglycone lignans and six different fat insoluble lignan 

glycosides detailed, separately, from the sesame oil and without oil sesame seed feast [6,7, and 8].  

Secoisolariciresinol diglucoside has been extensively investigated for its potential 

chemopreventive [9, 10] and biological activities [11] such as an antioxidant [12], anti-inflammatory 

[13], anti-diabetic [14] and nephroprotective properties [15]. On the other hand, sesamin is a fat-

soluble lignan of sesame seed, which is intensively evaluated to exert health beneficial effects as anti-

cancerous, anti-hypertensive, anti-inflammatory, free radical scavenging, and anti-diabetic and anti-

lipidemic [16-19].  

Currently, the growing interest of the consumers is shifted towards a novel bio-inspired 

strategy of cocktailing two or more bioactives at a lower concentration to reduce both side and cost 

effects and to enhance positive effects for the development of novel compounds by the food, 

pharmaceutical, and chemical industries. Therefore, in the present study, the lignans SDG and Sm 

from flaxseed and sesame seed of Indian origin were isolated, purified, and characterized. Their purity 

was checked by HPLC, TLC, and LC-MS analyses, and their antioxidant, antimicrobial properties 

were investigated.   

2. Materials and Methods  
2.1 Chemicals and reagents 

The chemicals such as food-grade methanol and HPLC grade water were purchased from 

Merck Chemicals Ltd., (Mumbai, India). Standard lignans Secoisolariciresinol diglucoside and 

sesamin were obtained from Sigma Aldrich Chemical Co., St. Louis Mo, USA. All the solvents and 

other chemicals used in the study were of analytical grade and purchased from SD Fine Chem. Ltd., 

Mumbai, India. UV visible spectrum measurements were carried out using Shimadzu 160A 

spectrophotometer, Shimadzu Instrumentation Co. USA.  

 

2.2. Collection and processing of flax  and sesame seeds for bioactive components 

Five different Indian flaxseed (FS) and sesame seed (SS) varieties were purchased from the 

local market of Haveri and Gulbarga of North Karnataka, India. Flaxseeds were identified as LCK-

5021, N.N, RLC-81, S-36, and T-397, while, sesame seeds were as DS-1(C), DS-5, DS-21, DSS-1, 

and DSS-9. The authentication of the seed samples was done by the Oil Seed Department, University 

of Agricultural Sciences, Dharwad, Karnataka, India. The seed samples were preserved for future 

analysis. 
2.3.Extraction and HPLC analysis of SDG and Sm from FS and SS, respectively.  

Certified flaxseed (N, N) and sesame seed (DS-5) varieties were procured from The 

University of Agricultural Sciences, Dharwad, Karnataka, India. The lignans - SDG and Sm were 

extracted from the selected variety of FS and SS by following the methods of Rajesh et al. (2006) [20] 

and Amarowicz et al. (2001) [21] respectively, with minor modifications. 
2.4. Isolation of lignans from flax and sesame  seeds  

Flax and sesame seeds were precleaned and conditioned. Sesame seeds were washed and 

desiccated at 70
0
C. The flaxseeds were ground into powder using a coffee blender, and further 
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defatted using ether. A 50g of the processed and defatted flaxseed powder was precisely gauged and 

extricated with 300 ml of 70% aqueous methanol with ceaseless blending for 4 h followed by 

sonication for 10 min and centrifugation at 10,000×g for 5 min. The extraction procedure was 

repeated and the total concentrate was subjected to HPLC analysis to identify and distinguish SDG in 

the flaxseed extract.  
2.5.Purification of SDG  

A 10 g of the flaxseed extract (40%) extract was disintegrated in 100 ml of ethanol at room 

temperature. The extract was filtered and concentrated using a rotary evaporator (Laborota 4001-

efficient, Heidolph Instruments, Schwabach, Germany). A 5.6 g of obtained dried concentrate was 

disintegrated in 80 ml of ethanol and blended with 21.0 g of silica gel (GF 254). After drying, the 

concentrate (∼4g each) was exposed to a flash column chromatography (a glass tube, 20 mm× 300 

mm) and washed with 100 ml of ethyl acetic acid derivation/ethanol (8.5:1.5, v/v). Further, the SDG 

adsorbed by silica gel was eluted with 180 ml of ethyl acetic acid derivation/ethanol (8:2, v/v). The 

Six parts (30 ml each) obtained were pooled and identified by HPLC. SDG-containing portions were 

collected and concentrated. SDG was further purified by the preparative TLC, which was prewashed 

by ethyl acetic acid derivation, with ethyl acetic acid derivation/ethanol (8:2, v/v) as the developing 

solvent followed by HPLC investigations to confirm its immaculateness. The part with the Rf value of 

0.28, comparing SDG was cut and removed by using methanol. After filteration and drying, 1.0 g of 

SDG was obtained. 
2.6.Identification of SDG  

The structure of SDG was confirmed by proton atomic attractive nuclear magnetic resonance 

spectroscopy (1H NMR) performed at 30 °C utilizing CD3OD as a dissolvable on a 500 MHz on a 

Varian INOVA-500NB NMR spectrometer from Varian Inc. (Palo Alto, CA, USA) and mass 

spectroscopy (MS). The range was discovered to be undefined from that of the reference compound 

and was similar to that depicted by Qiu et al.(1999) [22], and the immaculateness of secluded SDG 

was >99% dependent on NMR.  
2.7.Isolation of sesamin(Sm) 

The sesame seeds were flake crushed using a coffee blender and oil was extracted using food 

grade hexane in a Soxhlet apparatus for 8 h. The dried meal was desolventized under a vacuum in a 

water bath at 350C before being used for the experiments. The oil recovered was mixed with acetone 

in a ratio of 1:10, allowed for lipid precipitation for 8-12 h at -40
0
C. The yellow oil obtained with the 

supernatant was saponified by using 5% alcoholic KOH.  Ether extracted unsaponifiable matter was 

dissolved in methanol, which contained Sm. Furthermore, the methanol fraction was subjected to 

preparative HPLC analysis and purified sesamin was obtained. 
2.8.Analytical Investigative HPLC for the confirmation of sesamin 

The powdered Sm lignan was dissolved in HPLC grade methanol to make a stock of 1 mg/ml 

and filtered through a 0.45 µm nylon membrane before infusing into HPLC.  High-performance liquid 

chromatography (HPLC) was conducted as reported by Kikugawa et al (1983) [23] to test the 

immaculateness of the confined lignan sesamin obtained from the preparative HPLC peak fractions by 

using analytical Waters
® 

HPLC outfitted with a C18 reverse-phase column (250 mm × 4.6 mm i.d., 

5.0 µm particle size, Waters®) fitted with a 1.0-cm guard column (Waters® ODS) and a photodiode 

array detector. The HPLC grade methanol: water (70: 30v/v-isocratic) run at a flow rate of 1 ml/min 

served as mobile phase. 20µl of the samples were injected and pinnacles were recognized at 290 nm.  
  

2.9.Thin layer chromatography (TLC) 

TLC analysis was additionally performed to assess the purity of the obtained Sm. The lignan 

was dissolved in chloroform at 1.0mg/ml and spotted on TLC plates alongside Sm standards. To 

obtain a superior yield of Sm, three to four TLC's were envisioned by stacking 1.0 ml of 10 mg/ml 

stock as a transgression gel straight streak/band on a 20 cm × 20 cm plate, and TLC was run along 

with commercially obtained reference Sm. After advancement, the TLC was imaged under UV and 

the fractions of Sm were collected into vials by scraping. The lignan was then peeled off the silica by 

dissolving in 20 ml chloroform as a fraction. The lignan Sm from this fraction was re-solidified by the 

dissipation of the dissolvable at room temperature and labeled as purified Sm. 
2.10. Nuclear magnetic resonance (NMR) studies of  sesamin 
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  For assurance of empirical structure, purified Sm was broken down in CDCl3 and subjected 

to Fourier transform-NMR (Bruker Model: Avance-Ii) spectroscopy. The NMR was employed with 

cryomagnet of field strength 9.4 T and radio influxes of 400 MHz and 100 MHz applied separately to 

obtain 1H and 13C NMR information. 
2.11. Antioxidant Activity 

 2.11a- DNA Protection Assay  

The antioxidant activity of the purified lignans SDG and Sm was performed by DNA 

Protection Assay. DNA-assurance convention was performed by using supercoiled plasmid pBR322 

(Merck Biosciences, Bangalore, India). The plasmid DNA with Fenton’s reagent oppressed for 30 

minutes response filled in as control under associated conditions. DNA protection system against 

Fenton's reagent was assessed by brooding 10μg of the examples (SDG, Sm, and SDG+Sm) with 

plasmid DNA (0.5 μg) for 30 minutes at 37°C and further to Fenton’s reagent for 30 minutes. The 

examples were isolated 1.0% agarose gel. The results were reported using the XR+Molecular Imager 

Gel documentation framework (Bio-Rad, USA).  
2.12.Anti-microbial assay:  

Antimicrobial assay of the purified SDG and Sm was carried out by agar well diffusion 

method [24]. The gram-negative bacterial strains namely - Escherichia coli and Klebsiella 
pneumoniae; gram-positive bacteria - Staphylococcus aureus and Bacillus subtilis, and Fungal strain -

C.albicans were used in the study. Ciprofloxacin (20 μg) was used as a positive control. The test 

pathogens were spread on Mueller Hinton agar (MHA) plates. A well of diameter 6.0mm was made 

using a sterile cork borer and loaded with the required concentration of drug over the agar. The test 

plates were incubated for 24h at 37°C. The zone of inhibitions (mm in diameter) were measured and 

expressed in mm and was taken as the activity against the test pathogen. 

 

2.13.Statistical analysis 

The experimental data were expressed as mean ± SD. The statistical results were performed 

by one-way analysis of variance (ANOVA) followed by a student’s t-test to determine the significant 

differences among the samples.  

3. Results  
3.1. HPLC analysis of SDG and Sm 

       The contents of the lignans SDG and Sm in their respective seed extracts were identified and 

evaluated by HPLC analysis (Figure 1). The peak of the standard SDG was eluted at 34.83 min 

(Figure 1a), whereas, the peak of sesamin was at 7.77 min (Figure 1c). The presence of these two 

lignans in the extracts of flax (SDG; Figure 1b) and sesame seed, respectively, (Sm; Figure 1d) were 

confirmed by comparing with their respective reference standards. 

Semi preparative HPLC performed for the purified SDG and Sm showed their low yield. To 

get their higher yield, an endeavor was made to run an enormous scope TLC on 20 cm × 20 cm TLC 

plates on a preparative scale. Three such runs, on recuperation, yielded roughly 20 mg of purified Sm. 

The lignan portions confined in such a way additionally demonstrated singular peaks in HPLC 

confirmed their 99% purity (Figure 2 and 3). 
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Figure 1. HPLC spectrum of a. Standard SDG (tR - 34.83 min), b. The presence of SDG in flaxseed 

extract (tR- 34.83 min), c. Standard sesamin (tR - 7.77 min), d. Sesame seed extract showing the 

presence of sesamin (tR – 7.79 min).  *tR – Retention time 

 

       Figure 2. HPLC chromatogram of purified sesamin  
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Figure.3 HPLC chromatograms of Standard SDG and purified SDG  

3.2. Identification of Purified SDG  

SDG was distinguished by NMR and MS. SDG was oppressed to 1H NMR spectroscopic 

examination, and their 
1
H chemical shifts are presented in Table 1. The outcomes indicated that the 

1
H 

NMR spectrum of SDG was indistinguishable from that announced by Ford et al. [25]. SDG 

oligomers were likewise exposed to 1H NMR spectroscopic analysis, and their 1H NMR range 

appeared in the aromatic area. The SDG peaks (δ 6.3–6.5 ppm) and pinnacles from other phenolic 

mixes (δ 6.3–7.7, for example, p-coumaric acids and ferulic acids, which were indistinguishable from 

that revealed by Kamal-Eldin et al [26]. Spectroscopic proof for the purity of SDG was obtained from 

positive FAB-MS, which showed particles at m/z 686 compared to [M]+ particles for SDG 

(C32H46O16). For SDG oligomers, FAB-MS showed particles at m/z 369, 341, 307, 289, 279, 219, 

205, 154, 149, 137, 136, 123, and 107, which were indistinguishable from that of SDG. This clearly 

shows the presence of SDG in the oligomers. In expansion, FAB-MS of SDG oligomers likewise 

showed particles at m/z 327 and 357, relating to [M−H]+ particles for corrosive glucosides of p-

coumaric and ferulic acids separately exhibited their presence in the oligomers. 
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Table 1; 
1
H NMR spectroscopic data for SDG 

 

Position 

SDG a 

δH (multiplicity, J Hz) 
 

 ׳1/1
 ׳2/2

 ׳3/3

 ׳4/4
 ׳5/5

 ׳6/6

 a׳7/7

 b׳7/7

 ׳8/8

 a׳9/9

 b׳9/9

OCH3 

1a/1a׳ 

2a/2a׳ 
3a/3a׳ 

4a/4a׳ 

5a/5a׳ 

6a/6a׳a 

6a/6a׳b 

 

 

– 

6.59 (d, 1.8) 

– 

– 

6.64 (d, 8.0) 

6.56 (dd, 1.8, 8.0) 

2.61 (dd, 7.9, 13.8) 

2.68 (dd, 6.9, 13.8) 

2.12 (m) 

4.06 (dd, 5.6, 9.9) 

3.47 (dd, 6.4, 9.9) 

3.73 (s) 

4.23 (d, 7.8) 

3.21 (t, 7.8, 9.0) 

3.28–3.37 

3.28–3.37 

3.25 (m) 

3.84 (br d, 2.3, 11.8) 

3.68 (dd, 5.5, 11.8) 

3.3. NMR study of sesamin  

The 
1
H and 

13
C NMR spectral data of the purified Sm is presented in Table. 2. Sesamin being 

a symmetric particle, the 13C NMR indicated 10 pinnacles speaking to chemical shifts of a large 

portion of the number of carbon iotas present in the molecule. Similarly, 1H NMR indicated the 

nearness of the peaks 9 and 18, respectively, for Sm, which is related to the respective number of 

hydrogen particles present in this molecule (Table-2). Thus, the virtue and the auxiliary realness of the 

compounds secluded are confirmed. The major Sm metabolite was collected in a separate fraction 

(7.77 min; Fig 2), and with that of the HPLC peak contained MDP protons (ᵟ 5.91) in the NMR 

spectrum of the Sm extracts, thus proved that it belonged to the lignan Sm. 

 

Table-2: 
1
H and 

13
C NMR spectral data of the purified Sesamin   

 
 Chemical shift 

 

Position ᵟH 

 

ᵟC 
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1 

2 

4 

 

5 

6 

8 

 

 ׳1

 ׳2

 ׳3

 ׳4

 ׳5

 ׳6

 ׳׳1

 ׳׳2

 ׳׳3

 ׳׳4
 ׳׳5

 ׳׳6

-O-CH2-O- 

3.11 m 

4.65 d, J = 4.8 

3.82 m 

4.20 m 

3.09 m 

4.7 d, J = 5.1 

3.83 m 

4.23 m 

— 

6.8 d, J = 1.8 

— 

— 

6.7 d, J = 8.1 

6.69 dd, J = 1.8, 8.1 

— 

6.87 d, 1.5 

— 

— 

6.77 d, 8.1 

6.84 dd, 8.1, 1.5 

5.91 s 

55.1 

87.1 

72.4 

 

55.1 

87.1 

72.4 

133.5 

 

114.2 

146.4 

145.7 

116.2 

118.5 

136.2 

107.3 

148.7 

148.7 

108.7 

120.1 

101.8 

3.4.Antioxidant activity- DNA protection assay  

To investigate the sufficiency of the SDG, Sm, and their blend, SDG+Sm protecting DNA 

from damage, plasmid DNA (pBR322) presented to a wellspring of hydroxyl extremist, Fenton 

response. The boundaries were 30 minutes at 37°C. The plasmid DNA was harmed by Fenton's 

reagent. It brought about single-abandoned (as shown by bolts), cut DNA (Form II) super shift from 

local twofold abandoned DNA band (Form I) asserted in agarose gel electrophoresis (Fig. 4). In the 

assessment, when plasmid DNA was pre-agonized for 30 minutes with SDG (10 μg), Sm and their 

mix, SDG+Sm, and introduced to Fenton reaction under equivalent conditions as above, SDG and Sm 

tests alone could forestall scission. SDG+Sm in blend offered conspicuous assurance to DNA. 

 

Figure 4: DNA protection assay; MW-Molecular weight, 1-control, 2-DNA+Fenton’s       

                 reagent, 3-SDG, 4-Sesamin, 5-SDG+Sesamin. 
3.5.Antibacterial  assay:  

The antibacterial study conducted on purified SDG and Sm showed that quantitative assays 

exhibited MIC values in the range 50, 100, 250, and 500μg as shown in Table.3. This confirmed that 

concentration plays a vital role in increasing the degree of inhibition, which established that the 

results are superior to the earlier reports. 

The outcome of the antimicrobial activity of the SDG and Sm in synergism exhibited 

potential antibacterial and antifungal activities. The antimicrobial activity showed that the SDG and 
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Sm exhibited good antibacterial activity at MIC 50 and 500μg/ml and good antifungal activity at MIC 

500 μg/ml, respectively (Table.3). 

Table.3 Antimicrobial Activity of SDG+Sm 

 

S. no 

 

Strain 

 

50 μg 

 

100 μg 

 

250 μg 

 

500 μg 

Positive 

control 

1. 

2. 

3. 

4. 

5. 

E.coli  
K.pneumoniae 

B.substilis 
S. aureus 

C.albicans 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14 mm 

15 mm 

14 mm 

20 mm 

16 mm 

15 mm 

16 mm 

16 mm 

35 mm 

24 mm 

26 mm 

22 mm 

11 mm 

 

4. Discussion 

In recent years, consumers’ awareness has incited a specific interest in utilizing natural 

compounds as potential health beneficial and disease preventive bioactives. Consequently, there is an 

upsurge in the interest of the consumers towards a novel bio-inspired strategy of cocktailing two or 

more bioactives at a lower concentration to reduce both side and cost effects and to enhance positive 

effects for the development of novel compounds by the food, pharmaceutical, and chemical industries. 

Many spices, which are known for their particular fragrance, are commonly perceived as safe. These 

entities are wealthy resources of polyphenols. They are pronounced to show off their various 

antimicrobial activities by forming complexes with soluble and extracellular protein entities. 

An elegance of secondary plant metabolites is lignans (iridoids), which are formed by oxidative 

dimerization of two phenylpropanoid units. Their molecular backbone includes C6-C3 phenylpropane 

units. Although comprising an easy backbone, lignans display tremendous structural diversity and 

potential biological activities. 

In the present investigation, the HPLC analyses carried out on FS and SS confirmed the 

presence of SDG and Sm. SDG and Sm have been predicted to be 23.9 and 4.7g.kg−1 of FS and SS, 

respectively.  These are in close agreement with the earlier reports [27 and 29]. The purity of the SDG 

and Sm assessed by the spectral data obtained by 1H and 13C NMR and MS proved that they are 97 

and 98% pure. These are in coherent with earlier findings of Stefano et al. [30] and Ali et al [31]. 

Anti-microbials will be as unrefined preparations (essential oils, extracts, and in part purified 

extracts) containing an extensive collection of mixes or is probably a proper molecule with energetic 

and specific activity. A developing hobby in those molecules arises because of their effectiveness in 

anticancer therapy. Aristolochia taliscana roots found their use in conventional Mexican medicinal 

drug, which is attributed to its neolignans. The Licarin A, was investigated for its antimicrobial 

component against Mycobacterium tuberculosis. A highly excessive awareness of lignans is 

pronounced in FS. It is mainly due to the lignan SDG. These earlier findings on lignans furnished an 

impetus for the present investigation. Therefore, we have conducted the current investigation on 

lignans, which are polyphenols, in their combined form to assess and achieve their better biological 

activity [27). 

Earlier research has pronounced a huge spectrum of antibacterial property of synthetic SDG 

[28]. Sesamin, one of the major lignan of sesame has been reported for potential antibacterial activity 

[29]. Disc diffusion-antimicrobial assay carried out on the mixture of SDG+Sm against E. coli, K. 
pneumoniae, S. aureus, and B. subtilis substantially arrested the bacterial growth. Therefore, the 

outcome of our present study is in close agreement with the earlier studies of others [28 and 29]. 

Bongoni et al have reported that flaxseed extract rich in SDG is an effective antifungal agent and Sm 

has extensively been investigated for its antifungal activity.  The current study also evaluated the 

antifungal activity of SDG and Sm against C. albicans. The findings of the present investigation 

exhibited their pronounced synergistic effects (p<0.5). Therefore, these are in line with previous 

studies [32 and 33]. 

 The SDG has extensively been investigated for its antioxidant properties [15, 27, and 34] and 

Sesamin is reported to have potential antioxidant activity [35]. The Antioxidant activity of SDG+Sm 

carried out by DNA-nicking assay method proved that they quenched free radicals produced by using 

Fenton’s reagent. The DNA protection assay of SDG+Sm also indicated that they are potential 
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molecules, which defend DNA through their potential antioxidant properties. Thus, the results of our 

present investigation are in coherent with the earlier reports.   

5.Conclusion 

  
The results of our current study indicated the presence of two lignans viz. SDG and Sm in FS and SS, 

respectively. The study also proved that SDG and Sm are effective antibacterials, antifungal, and 

antioxidant molecules. Furthermore, it was showed that they exhibited significant effects 

synergistically in their combined form than their individual form during the evaluated biological 

activities. Therefore, SDG and Sm offer sufficient safety with pharmacological effects in combination 

through their antimicrobial and antioxidant properties than their individual form, and flaxseed and 

sesame seed can be used in combination as they are useful resources of the studied nutraceutical 

lignans for both health promotion and disease prevention. However, more studies are warranted in this 

direction to elucidate the mechanism of action by which SDG and Sm exert their synergistic 

antibacterial and antioxidant activities.  
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