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ABSTRACT: The objective of this study was to examine the lignan content and antioxidant activity of eight Korean sesame
seed varieties. We analyzed the lignan content using two different techniques: (1) liquid chromatography coupled with
tandem mass spectrometry, and (2) high-performance liquid chromatography coupled with ultraviolet detection. We iden-
tified that in sesame seeds, the sesamolin lignan occurs at the highest concentration (ranging between 4.427 mg/g and
10.258 mg/g). Further, the lignan content was highest in the sesame variety Haniall (ranging between 5.220 mg/g and
12.684 mg/g). The Ansan sesame variety showed the greatest antioxidant activity in the relevant tests, exhibiting superior
scavenging activities toward 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl
radicals, along with a higher total polyphenol concentration. In addition, we found that the total polyphenol content of ses-
ame is strongly and positively correlated with its radical scavenging activity, especially against ABTS radicals. These findings

highlight that different sesame varieties can be potentially be used as functional foods with antioxidant activities.
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INTRODUCTION

Sesame (Sesamum indicum L.) is a traditional crop, whose
seeds and seed oil are widely used in African and Asian
cuisines (Wei et al., 2022). Roasted sesame seeds and
sesame oil are also commonly used in Korean cuisine for
their nutty flavor (Yin et al., 2020). Sesame seed is well
known for its exceptional medicinal properties and nu-
tritional value (Majdalawieh et al, 2017; Dravie et al.,
2020). Sesame seed is rich in nutrients such as unsatu-
rated fatty acids, vitamins, minerals, and essential amino
acids (Cardoso et al., 2018; Afroz et al., 2019). With in-
creasing interest in plant-based diets and natural health
products, sesame seed could gain a role in health in-
dustry as a functional food that can prevent chronic dis-
eases such as diabetes, cardiovascular diseases, and can-
cer (Gouveia Lde et al., 2016; Jayaraj et al., 2020).

The major lignans in sesame seeds —including sesamin
(Ses), sesamol (Sem), and sesamolin (Sel) —have garnered
significant attention due to their potential therapeutic ap-
plications (Pathak et al., 2014; Michailidis et al., 2019).
Other lignans such as secoisolariciresinol (Seco), matair-

esinol (Mat), pinoresinol (Pin), medioresinol (Med), lar-
iciresinol (Lar), syringaresinol (Syr), 7’-hydroxymatairesi-
nol, and isolariciresinol are natural compounds found in
minor amounts in sesame seeds. Lignans have antioxi-
dant activities; they scavenge radicals and reduce oxida-
tive stress (Cornwell et al., 2004). For instance, Sel —a
furfuran lignan primarily found in sesame seeds—exhib-
its various pharmacological activities, such as antioxi-
dant, anticancer, antibacterial, neuroprotective, and mela-
nin production inhibitory activities (Miyahara et al., 2001;
Ghafoorunissa et al., 2004; Cheng et al., 2006; Srisayam
et al., 2017). Another lignan, Ses, has anti-inflammatory
effects; it lowers cholesterol by regulating lipid metabo-
lism (Majdalawieh et al., 2020). Moreover, sesame lig-
nans can alleviate menopausal symptoms because of their
estrogenic and antiestrogenic activities (Pianjing et al.,
2011). Thus, given the health benefits associated with
sesame lignans, there is a growing interest in under-
standing them and discovering their potential therapeu-
tic applications (Rosalina and Weerapreeyakul, 2021).
Sesame seed coat color varies with source plant variety;
it can be white, brown, yellow, or black. Moreover, the
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coat color is associated with varied biochemical profiles
of molecules such as proteins, fats, and lignans; it is also
associated with differing levels of antioxidant and dis-
ease resistance activities (Ghotbzadeh Kermani et al.,
2019; Wang et al., 2020). The National Institute of Crop
Science (NICS) has developed various sesame varieties,
which differ in their environmental adaptability, seed
yield, disease resistance, antioxidative and other func-
tional properties (Shim et al., 2013; Kim et al., 2020b;
Shim et al., 2021). Among these, the “Haniall” variety
has a pure white seed coat and higher crude fat content
than the “Ansan” variety (Kim et al., 2022c). The “Goen-
baek” variety (which also has a white seed coat, and
higher fat and Ses content than the “Yangbaek” variety)
is used for oil extraction (Kim et al., 2018). The Ses and
Sel contents of the “Kangyou” variety are similar as
“Goenbaek,” but the fat content is higher (Kim et al.,
2023). Further, the “Kumok” and “Nuri” varieties (have
white seed coats) are resistant to wilt and powdery mil-
dew (Kim et al., 2019; 2022b). The “Daheuk” variety has
black seed coats, lower lignan content than the “Goen-
baek,” and protects the liver from oxidative stress (Kim
et al., 2022a). Various studies which investigate the lig-
nan content in sesame seeds, exist. However, they mostly
focus on how food processing factors change sesame
seed lignan profiles; i.e., research on the lignan profile of
unprocessed sesame seeds is limited (Chen et al., 2019;
Ji et al.,, 2019). Moreover, the composition of sesame
seeds might differ based on environmental conditions
such as cultivar type and cultivation region (Mondal et
al., 2010; dos Santos et al., 2018).

Thus, here, we aimed to compare the lignan contents
and antioxidant activities of eight sesame varieties (cv.
Ansan, Daheuk, Goenbaek, Kumok, Haniall, Kangan,
Kangyou, and Nuri) cultivated in Korea. Further, to iden-
tify differences in the functional component profiles and
antioxidant potential among these eight varieties, we al-
so investigated the correlations between their lignan con-
tent and their antioxidant activities. Therefore, here we
aimed to compare the lignan content and antioxidant ac-
tivity of eight sesame varieties cultivated in Korea and
explored the correlation between lignan content and an-
tioxidant activity.

MATERIALS AND METHODS

Materials and chemicals

Sesame seeds from eight different varieties (cv. Ansan,
Daheuk, Goenbaek, Kumok, Haniall, Kangan, Kangyou,
and Nuri) were cultivated in 2023 by the Southern Crop
Department of the NICS and the harvested seeds were
provided to us in January 2024. Before analysis, all seed
samples were washed with deionized water, dried, ground,

and stored at —20°C until further analysis. Syr and Med
were obtained from ChemFaces. Seco, Mat, (+)-Lar,
(4+)-Pin, Ses, Sem, and Sel were purchased from Sigma-
Aldrich. Acetonitrile was obtained from Merck, and meth-
anol was sourced from Honeywell Burdick and Jackson.
The water was deionized using a Milli-Q water purifica-
tion system (Millipore). Gallic acid, Folin-Ciocalteu rea-
gent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS), and ethanol were purchased from Sigma-
Aldrich. All chemicals and solvents used were of analyti-
cal and high-performance liquid chromatography (HPLC)
grades.

HPLC analysis of the major lignans in sesame seeds

For the HPLC analysis of the major lignans (Ses, Sem,
and Sel), 0.1 g of the powdered sample was extracted
with 10 mL of methanol in an ultrasonic water bath
(WUC-D10H, Daihan Scientific) at room temperature
for 1 h. The extract was then centrifuged at 25,160 g, and
the supernatant was filtered through a 0.22-um nylon
filter (Whatman) before analysis. The HPLC conditions
used for the lignan analysis are detailed in Table 1.

LC-MS/MS quantitative analysis of six minor lignans in
sesame seeds

The six minor lignans (Seco, Mat, Lar, Pin, Syr, and Med)
were extracted using the method modified by Kim et al.
(2024). Briefly, 0.1 g of the powdered sample was mixed
with 1 mL of 84% methanol and extracted using an ul-
trasonic water bath (WUC-D10H, Daihan Scientific) at
40°C for 1 h. After centrifugation at 25,160 g, the super-
natant was filtered through a 0.22-um nylon filter for
liquid chromatography-tandem mass spectrometry (LC-
MS/MS) analysis. The LC-MS/MS analysis was performed
using a Shimadzu LCMS-8050 triple quadrupole mass
spectrometer in the negative ion mode. The data were
detected using the multiple reaction monitoring (MRM)
mode, with the MRM chromatograms of the six lignans
in the standard solution shown in Fig. 1. Detailed pa-
rameters are provided in Table 2 and Table 3.

Table 1. HPLC-UV conditions of sesamol, sesamin, and sesa-
molin analysis

Hitachi 5000 chromaster
(Hitachi LTD)

Agilent Zorbax Eclipse XDB-C18
column (5 pm, 150 mmX4.6 mm)

Column oven temperature 30°C

Instrument (HPLC-UV)

Column

Injection volume 20 pL
Flow rate 0.7 mL/min
Mobile phase Distilled water : MeOH (3:7, v/v)

HPLC-UV, high-performance liquid chromatography-ultraviolet.
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Fig. 1. Identifying the lignan components in the sesame seed extracts. (A-F) Multiple reaction monitoring (MRM) chromatograms
with the mass transition from the standard solution of the six lignans at a concentration of 100 ng/mL. Seco, secoisolariciresinol;
Mat, matairesinol; Lar, lariciresinol; Pin, pinoresinol; Syr, syringaresinol; Med, medioresinol.

Determination of the total polyphenol content of sesame
seeds

The total polyphenol content (TPC) was determined us-
ing the Folin and Denis (1912) method. For the TPC as-
say, 50 uL of methanol extract was mixed with 1 mL of
2% NaHCQO;, followed by the addition of 100 puL of 1 N
Folin-Ciocalteu reagent. The mixture was incubated in
the dark for 5 min, and the absorbance was measured at
750 nm using a spectrophotometer (Thermo Scientific
Ltd.). A standard calibration curve was constructed with
gallic acid, and the results were expressed as mg of gallic
acid equivalent (GAE) per mL of sample.

Determination of the free radical scavenging activity of
sesame seeds
The ABTS radical scavenging activity was assessed fol-
lowing the method described by Re et al. (1999). Briefly,
a solution of 7.4 mM ABTS was mixed with 2.6 mM po-
tassium persulfate and incubated in the dark for more
than 12 h. Subsequently, the ABTS solution was diluted
with distilled water, resulting in an absorbance of 1.0 at
735 nm. The sample extract of 25 puL was mixed with
500 puL of the diluted ABTS solution and incubated for
30 min in the dark. The absorbance was measured at a
wavelength of 735 nm using a spectrophotometer.

The DPPH radical scavenging activity was evaluated
using the method established by Blois (1958), with slight
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Table 2. LC-MS/MS conditions used in the analysis of the six lignans

Instrument (HPLC)

Shimadzu Nexera X3 system

Column Agilent Poroshell 120 EC-C18 (1.9 um, 2.1 mmX50 mm)
Column oven temp. 30°C

Injection volume 3 uL

Flow rate 0.3 mL/min

Mobile phase A: Distilled water

B: Acetonitrile

Gradient

MS/MS condition

Instrument

Ionization mode ESI negative
Drying gas 10 L/min
Heating gas 10 L/min
Nebulizer gas 3 L/min
Interface temp. 350°C

DL temp. 100°C

Heat block temp. 400°C

0-4.5 min, 95% A—6.5-6.51 min, 50% A—9.0 min, 95% A

Shimadzu LCMS-8050 Triple quadrupole mass spectrometry

LC, liquid chromatography; MS/MS, tandem mass spectrometry; ESI, electrospray ionization; DL, desolvation line; temp., tem-

perature.

Table 3. Multiple reaction monitoring transition of six lignans

Compound Retention time (min) Quantifier ion (m/z) Qualifier ion (m/z)
Seco 3.204 361.05—165.15 361.05—121.10
Mat 4,033 357.45—83.05 357.45—122.05
Lar 3.315 359.45—329.15 359.45—160.00
Pin 3.766 357.45—151.15 357.45—135.90
Syr 3.647 417.45—>181.15 417.45—166.10
Med 4,026 387.45—99.00 387.45—193.00

Seco, secoisolariciresinol; Mat, matairesinol; Lar, lariciresinol; Pin, pinoresinol; Syr, syringaresinol: Med, medioresinol.

modification. Briefly, 25 pL of the sample extract was
mixed with 500 uL of DPPH solution and incubated in
the dark for 30 min. The absorbance was then measured
at 520 nm using a spectrophotometer.

Catechin was used as the standard for both ABTS and
DPPH radical scavenging activities, and the results were
expressed as milligrams of catechin equivalent (CE) per
mL of sample.

Statistical analysis

Data are presented as mean=standard deviation, derived
from at least three independent experiments. Statistical
analyses were conducted using one-way ANOVA in SAS
software (version 9.0, SAS Institute), with significance
set at P<0.05. Pearson correlation coefficients were cal-
culated to assess the relationship between the total lignan
content and antioxidant capacity across various sesame
cultivars using SPSS software (version 24.0, SPSS Inc.).

RESULTS AND DISCUSSION

Lignan contents in the eight sesame varieties
Sesame seeds are well known for their rich lignan con-

tent, primarily composed of Sem, Sel, and Ses (each with
their own health benefits). We have summarized the lig-
nan content (detected in this study) of sesame seeds by
variety in Table 4. The total lignan content varied signifi-
cantly, ranging between 5.220 mg/g and 12.684 mg/g.
Among the eight cultivars analyzed, Haniall exhibited
the highest lignan concentration. The predominant lignan
in sesame seeds was Sel (4.427 -10.258 mg/g), followed
by Ses (0.721-2.731 mg/g), while Seco and Med were
either not detected or were present at levels below the
limit of quantification.

The lignan with highest concentration across all the
sesame varieties studied here, was Sel. This contrasts with
most studies which indicate that Ses is typically present
at higher concentrations than Sel (Kim et al., 2020a;
Andargie et al.,, 2021) in sesame seeds. Lignan profiles
(including those of Ses, Sem, and Sel) which vary widely
among sesame varieties, are influenced by factors such
as seed type, color, geographic origin, and cultivation
conditions. Kim et al. (2014) found that the Sel content
varied considerably, between 1.13 mg/g and 4.29 mg/g,
depending on the cultivar. Similarly, Rangkadilok et al.
(2010) reported that Sel levels in Thailand landraces sesa-
me were higher than Ses whereas Sel was not detected
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Cultivar
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Ansan
Daheuk
Goenbaek
Kumok
Haniall
Kangan

Table 4. Comparison of the lignan contents of sesame seeds from different cultivars
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in breeding lines. Each sesame variety has a unique ge-
netic makeup that can affect the biosynthetic pathways
of Ses and Sel (Kancharla and Arumugam, 2020). Fur-
thermore, soil type, rainfall and climate can also affect
the Ses/Sel ratio (Zhang et al., 2019). For instance,
Kumazaki et al. (2009) demonstrated that the accumu-
lation of Ses and Sel is affected by various factors, in-
cluding seeding time, day length, and soil temperature.
Moreover, storage conditions which may vary depending
on the sesame variety can affect the oxidative stability of
lignan components and thus cause the observed relative
changes in concentrations of compounds found in ses-
ame seeds (Mujtaba et al., 2020). We surmise that the
variations in the biosynthetic Ses/Sel ratio caused the
sesame seeds to have higher Sel levels, compared to Ses
levels.

The lignan profile can change depending on various
factors such as sesame variety, harvesting, and process-
ing methods. Here, the lignans Pin, Lar, Mat, Syr, and
Ses were detected at lower concentrations than Sel and
Sem. Liu et al. (2006) reported that lignans such as Pin,
Lar, Mat, and Ses are contained in trace amounts in ses-
ame compared to Sel and Sem. El-Beltagi et al. (2022)
found that the chemical composition of sesame seeds
changes depending on the temperature and roasting pro-
cedure used to produce the oil, which in turn affects the
antioxidant activity of sesame oil.

Overall, our results show that among lignans found in
sesame seed, Sel is contained in the highest concen-
trations, and its concentration varied depending on the
sesame variety. Notably, the Haniall variety showed the
highest total lignan content, indicating that it can be po-
tentially used to develop sesame-based health products
with improved benefits. In summary, this study details
the lignan levels in the raw seeds of eight sesame vari-
eties commonly cultivated in Korea. Further studies in-
vestigating how processing affects lignan composition
and antioxidant properties are anticipated to facilitate a
thorough assessment of the alterations in lignan profiles
of different sesame varieties, before and after processing.
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Polyphenol content and radical scavenging activities in
the eight sesame varieties

The polyphenol contents in the methanol extracts of the
eight varieties of sesame are shown in Table 5. The
Ansan variety had the highest TPC (2.270 mg GAE/g),
followed by the Goenbaek and Haniall varieties with
1.418 and 1.390 mg GAE/g, respectively. In contrast,
the Daheuk variety exhibited the lowest TPC (1.009 mg
GAE/g). The antioxidant activities of the eight sesame
varieties were assessed using ABTS and DPPH radical
scavenging assays (Table 5). The ABTS and DPPH radi-
cal scavenging activities varied across the varieties, rang-
ing between 0.176 and 0.864 mg CE/g and between

1.373+0.024°
2.411+0011°

0.021+0.003°

0.022+0.000°

Kangyou

Nuri
Sem, sesamol; Ses, sesamin; Sel, sesamolin; Seco, secoisolariciresinol; Mat, matairesinol; Lar, lariciresinol: Pin, pinoresinol; Syr, syringaresinol: Med, medioresinol: ND, not detected:

Tr, trace.

Different superscript letters (a-g) in the same column are significantly different (~<0.05) by Duncan’s multiple range test.

Values are presented as mean=£SD.
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Table 5. Total polyphenol contents and ABTS and DPPH radical scavenging activities of sesame seeds from different cultivars

Total polyphenol

ABTS radical scavenging activity

DPPH radical scavenging activity

Sample Cultivar (mg GAE/q) (ma CE/q) (ma CE/q)
Sesame seed Ansan 2.270+0.106° 0.864+0.018% 0.671+0.0172
Daheuk 1.009+0.073° 0.176+0.010° 0.367+0.002"
Goenbaek 1.41840.061° 0.436+0.033° 0.414+0.083°
Kumok 1.27340.047™ 0.274+0.016° 0.219+0.007¢
Haniall 1.390+0.103° 0.36140.009° 0.257+0.012¢
Kangan 1.186+0.007" 0.411+0.027° 0.271£0.027%
Kangyou 1.231+0.131% 0.302+0.022¢ 0.276+0.049%
Nuri 1.17040.163> 0.264+0.025° 0.247+0.012°

Values are presented as meanzSD.

Different superscript letters (a-e) in the same column are significantly different (£<0.05) by Duncan’s multiple range test.
GAE, gallic acid equivalent; CE, catechin equivalent; ABTS, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); DPPH, 2,2-di-

phenyl-1-picrylhydrazyl.

0.219 and 0.671 mg CE/g, respectively. The Ansan vari-
ety demonstrated the highest antioxidant activity in both
assays. Conversely, the Daheuk variety showed a signifi-
cantly lower ABTS radical scavenging activity. The Ansan
variety had the highest DPPH radical scavenging activity,
followed by the Goenbaek (0.414 mg CE/g) and Daheuk
(0.367 mg CE/g) varieties. All other varieties showed
lower activities, with values ranging between 0.219 mg
CE/g and 0.276 mg CE/g, and no significant differences
among them. In addition, the Ansan variety had the high-
est TPC, which indicated a higher antioxidant capacity.
The content of phenolic compounds and antioxidant ac-
tivity are positively correlated because polyphenols are
essential for scavenging radicals in plants (Anesini et al.,
2008; Ciulca et al., 2021). These compounds are partic-
ularly effective in donating hydrogen atoms or electrons,
thereby neutralizing free radicals and reducing oxidative
stress (Roy et al., 2010; Malenci¢ et al., 2012; Gulcin
and Alwasel, 2023). A recent study showed significant
differences in the total phenol content and antioxidant
activity of different sesame varieties. Lin et al. (2017) re-
ported that the polyphenol content of white sesame
ranges between 370.5 mg GAE/100 g and 786.8 mg
GAE/100 g. Dossou et al. (2024) reported that the total
phenolic content of different varieties of sesame seeds
ranged from 2.717 mg to 21.98 mg GAE/g, and Agidew

et al. (2021) reported that the content of phenolic com-
pounds in different varieties of sesame seeds ranges be-
tween 2.95 mg GAE/g and 6.95 mg GAE/g, which could
be attributed to differences in geographical factors. Here,
we confirmed that the Ansan variety has excellent anti-
oxidant properties. This study is expected to be promis-
ing for cultivators of the Ansan variety because it ex-
tends the possibilities for its use in creating food which
need to have excellent antioxidant properties. These re-
sults indicate the need to identify sesame seeds with ex-
cellent antioxidant potential as nutritional and function-
al foods.

Correlation between total lignans, polyphenols, and
antioxidant activities

A Pearson correlation analysis was carried out to inves-
tigate the relationships between TPC, total lignan con-
tent, ABTS activity and DPPH radical scavenging activity
of the sesame seeds, across the eight sesame varieties
(Table 6). We found that, excepting total lignan content,
the rest were strongly and positively correlated with each
other. The TPC had the highest correlation with the
ABTS radical scavenging activity (r=0.966, P<0.01). Ad-
ditionally, we found that the TPC and DPPH radical
scavenging activity were significantly correlated (r=0.850,
P<0.01). Similarly, ABTS activity and DPPH radical scav-

Table 6. Pearson’s correlation coefficients (r) of the relationships between (ABTS and DPPH) radical scavenging activities, total
polyphenol, and total lignan contents of the sesame seeds from different cultivars

Correlation coefficient

Total polyphenol ABTS" DPPH? Total lignan
Total polyphenols 1
ABTS 0.966%*
DPPH 0.850%* 0.852%x* 1
Total lignans 0.610 0.612 0.151 1

YABTS radical scavenging activity. 2DPPH radical scavenging activity.
All correlation coefficients were statistically significant at **/~<0.01.
ABTS, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); DPPH, 2,2-diphenyl-1-picrylhydrazyl.
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enging activity were significantly correlated (r=0.852, P<
0.01). In contrast, the total lignan content demonstrated
a weak but positive correlation with the TPC and radical
scavenging activities (ranging between r=0.151 and r=
0.612); however, these correlations were not significant.

The present study reveals a significant correlation be-
tween the TPC and the radical scavenging activities (spe-
cifically, the ABTS and DPPH radical scavenging activ-
ities) of sesame seeds. Polyphenols are renowned for their
strong free radical scavenging properties, primarily due
to specific structural features, such as hydroxyl groups,
which facilitate electron donation and radical stabiliza-
tion (Litwinienko and Ingold, 2007). Esmaeilzadeh Kenari
et al. (2014) reported that the ABTS and DPPH scaveng-
ing activities of sesame cake extracts are highly corre-
lated with its polyphenol content. Here, the correlation
coefficient between lignans and radical scavenging activ-
ities was 0.612 in ABTS assay, whereas in DPPH assay it
was 0.151, indicating that lignans are weakly correlated
with the DPPH radical scavenging activity compared to
ABTS radical scavenging activity. These differences may
be attributed to variations in their ABTS and DPPH radi-
cal scavenging mechanisms and the structural properties
of the lignans. The ABTS assay measures the antioxidant
activity of compounds via, both, electron transfer and hy-
drogen atom transfer reactions of the cationic ABTS radi-
cal with the tested compound, while the DPPH assay re-
lies on hydrogen atom transfer reactions (Schaich et al.,
2015). Lignans may scavenge ABTS and DPPH radicals
differently depending on the number of hydroxyl groups
and electron-donating groups they contain (Abramovi¢
et al., 2018; Moazzen et al., 2022; Zhang et al., 2024).
Therefore, the correlation results —reflecting relation be-
tween the total phenol content and antioxidant activity
of sesame seeds —may vary between ABTS and DPPH as-
says, due to the structural diversity of the comprising
lignans. Interestingly, here, lignan content was significant-
ly weakly correlated with the antioxidant activity of the
sesame seed. Possibly, because, compared to polyphenols,
lignans have reduced radical scavenging efficacy. Thus,
although lignans such as Sem, Sel, and Pin possess health-
promoting properties, they have a weaker direct impact
on antioxidant activity of sesame seeds (Steffan et al.,
2005; Suja et al., 2005). Dachtler et al. (2003) suggested
that, rather than acting independently, lignans synergize
the influence of other components, such as tocopherols,
on the stability and antioxidant capacity of sesame oil.
Thus, while lignans contribute to the overall antioxidant
capacity of sesame seeds, their contribution may be less
pronounced than that of polyphenols.

In conclusion, the enhanced antioxidant capacity of ses-
ame seeds can be majorly attributed to their polyphenol
content, as indicated by the significant positive correla-
tion between their TPC and (ABTS and DPPH) radical

scavenging activities. Meanwhile, rather than influencing
independently, lignans synergize the effect of other ses-
ame seed components on its antioxidant activity.
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