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Abstract

A rapid and efficient method for the simultaneous detection of lignans (sesamol, sesamin, sesamolin) and tocopherols (α-

tocopherol, γ-tocopherol, δ-tocopherol) in sesame oil by reversed-phase high-performance liquid chromatography (RP-HPLC)

has been established. The samples were ultrasonically extracted in methanol and eluted via a methanol-water gradient on a

reversed-phase C18 column with UV/Vis detection. The recoveries of the six analytes ranged from 88.22% to 100.13%, and

the relative standard deviations (RSD, n = 6) ranged from 1.90% to 4.57%. This method allowed for measurement of the

concentrations of lignans and tocopherols in six commercial sesame oils. This technique is simple, accurate, and highly sensitive

and can therefore be used for the routine analysis of real samples.
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ABSTRACT: A rapid and efficient method for the simultaneous detection of lignans (sesamol, sesamin,
sesamolin) and tocopherols (α-tocopherol, γ-tocopherol, δ-tocopherol) in sesame oil by reversed-phase high-
performance liquid chromatography (RP-HPLC) has been established. The samples were ultrasonically
extracted in methanol and eluted via a methanol-water gradient on a reversed-phase C18 column with
UV/Vis detection. The recoveries of the six analytes ranged from 88.22% to 100.13%, and the relative
standard deviations (RSD, n = 6) ranged from 1.90% to 4.57%. This method allowed for measurement
of the concentrations of lignans and tocopherols in six commercial sesame oils. This technique is simple,
accurate, and highly sensitive and can therefore be used for the routine analysis of real samples.

Keywords: Sesame oil; Lignans; Tocopherols; Reversed-phase high-performance liquid chromatography

1. Introduction

Sesame oil contains up to 80% unsaturated fatty acids (Wan et al., 2015), yet displays greater resistance to
oxidation than other dietary vegetable oils. This enhanced oxidative stability stems from its rich content
of endogenous antioxidants, such as lignans and tocopherols (Konsoula & Liakopouloukyriakides, 2010;
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Mahendra Kumar & Singh, 2015). Sesamin, sesamolin, and sesamol (Fig.1) are the main lignans in sesame
oil and are reported to display a variety of important bioactivities, including anticancer activity (Yokota
et al., 2007), anti-inflammatory activity (Yashaswini et al., 2016), and free radical scavenging (Suja et al.,
2004). In addition, they reduce serum cholesterol levels and blood lipids (Hirata et al., 1996; Visavadiya
& Narasimhacharya, 2008), to enhance tocopherol antioxidant activity within lipid peroxidation systems
(Ghafoorunissa et al., 2004), and to promote health generally by other physiological functions (Namiki &
Mitsuo, 1995). The primary tocopherols in sesame oil are α-, γ-, and δ-tocopherol (Fig.1; Williamson et al.,
2008). Tocopherols are key antioxidants that inhibit carcinogenesis, mutagenesis, and cell transformation
(Longnecker et al., 1992; Barve et al., 2009; Helzlsouer et al., 2018; Smolarek & Nanjoo, 2011) and function
in islet cell protection (Duggan et al., 2010), immune regulation (Morel et al., 2011), and the prevention of
coronary heart disease (Pruthi et al., 2001).

In recent years, sesame oil has become popular because of its unique flavor, nutritional value, and pharma-
cological activities. As lignans and tocopherols play an important role in the bioactivities of sesame oil, it
is of practical significance to determine their content. Methods for identifying and/or quantifying lignans
and tocopherols in sesame oil include reversed-phase high-performance liquid chromatography (RP-HPLC)
(Hemalatha & Ghafoorunissa, 2004; Rangkadilok et al., 2010; Shi et al., 2017; Williamson et al., 2008; Wu,
2007; Xu et al., 2018), normal-phase high-performance liquid chromatography (NP-HPLC) (Ballus et al.,
2014; Fernandes et al., 2015; Shi et al., 2018), thin-layer chromatography (TLC) (Kamal-Eldin et al., 1991;
Utsunomiya, 2000), and gas chromatography (GC) (Kamal-Eldin et al., 1994; Li et al., 2002; Tashiro et al.,
1990). Among these, the most commonly used method is HPLC. The content of lignans in sesame oil has
been determined by RP-HPLC using methanol as the extraction solvent, while the content of tocopherols
in sesame oil has been determined by NP-HPLC using n -hexane as the extraction solvent. However, there
have been no reports in the literature for the simultaneous determination of these analytes in sesame oil.
These repeated analysis processes make the detection of lignans and tocopherols in sesame oil a complicated
task and are not suitable for routine analysis and batch processing. RP-HPLC is the most widely applied
separation mode in liquid chromatography due to its high column efficiency, high resolution, good stability,
and reproducibility of retention time. Therefore, RP-HPLC is the ideal platform on which to develop a
method for achieving the simultaneous determination of lignans and tocopherols in sesame oil.

In this study, the extraction of lignans and tocopherols from sesame oil with methanol was optimized by
ultrasound. The compounds were separated using an optimized RP-HPLC technique with UV-Vis detection.
The pretreatment and analysis are simple and rapid and the results are accurate; therefore, this method is
suitable for the routine analysis and quality control of lignans and tocopherols in sesame oil.

Materials and methods

2.1. Materials and Chemicals

The lignan standards, sesamin, sesamolin, and sesamol, were purchased from Sinopharm Medicine Holding
Co., Ltd. (Shanghai, China). Tocopherol standards, α-tocopherol, γ-tocopherol, and δ-tocopherol, were
obtained from Sigma-Aldrich (St Louis, MO, USA). Purities of each standard were [?]98%. HPLC grade
methanol was obtained from Sinopharm Medicine Holding Co., Ltd. (Shanghai, China). Ultra-pure water for
HPLC analysis was obtained from a Millipore Milli-Q system (Billerica, MA, USA). Six commercial sesame
oils (including hot-pressed sesame oil, grinding sesame oil, and cold-pressed sesame oil) were purchased from
retail markets in Anhui provinces, China. Sesame oil samples were assigned a unique number and stored at
-18 °C in the dark prior to analysis.

Stock solutions of the lignan and tocopherol standards were prepared in methanol (650 μg mL-1 for sesamin,
600 μg mL-1 for sesamolin, 500 μg mL-1 for sesamol, 200 μg mL-1 for α-tocopherol, 300 μg mL-1 for γ-
tocopherol, and 200 μg mL-1 for δ-tocopherol). Working standard solutions were prepared by diluting the
stock solutions to the desired concentrations. All the standards were stored at -18 °C in the dark.

2.2 Sample Preparation Method
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Samples of sesame oils were accurately weighed (1.0 ± 0.01 g) into a 10-mL centrifuge tube and diluted
with 3 mL HPLC-grade methanol. The mixture was vigorously shaken for 1 min with a vortex mixer and
then sonicated in an ultrasound bath for 5 minutes. The mixture was centrifuged using a CR22G II Hitachi
high-speed refrigerated centrifuge (Chengdu Shengke Instrument Co. Ltd, Chengdu, China) at 4000 rpm for
3 min. The supernatant was transferred into a 10-mL brown volumetric flask, and the extraction process
was repeated twice using 3 mL of methanol for each extraction. All extracts were combined and the final
volume of each extract solution was adjusted to 10 mL with methanol. The extracts were filtered through a
0.22-μm nylon syringe filter (ANPEL Scientific Instrument Co. Ltd, Shanghai, China) and stored at -18 °C
prior to HPLC analysis.

2.3 Instrumental and Analytical Conditions

The RP-HPLC method used in this work was modified from a previous report (Rangkadilok, et al., 2010). The
analysis of standards and test samples were performed using the external standard method on a Waters 1525
high-performance liquid chromatography system with a Waters 2996 UV/Vis detector (Waters Corporation,
Milford, MA, USA). A Waters Bridge® C18 reversed-phase analytical column (4.6 × 250 mm, 5 μm) was
used in this study. The mobile phase consisted of methanol (solvent A) and water (solvent B) using the
following gradient method: 0 min, 5% A; 0–5 min, 5–18% A; 5–10 min, 18–35% A; 10–15 min, 35–62% A;
15–30 min, 62–83% A, 30–31 min, 83-98% A; 31–50 min, 98% A; 50–51 min, 98-5% A; and equilibrated at
5% A for 3 min. The run time for each sample was 54 minutes. The flow rate was 1.0 mL min-1 with UV
absorption wavelength at 295 nm. The column compartment temperature was maintained at 25 °C and the
injection volume was 20 μL.

2.4 Method Validation

To confirm the reliability of the method, accuracy, precision, limit of quantification (LOQ), limit of detection
(LOD), linearity, and linear range of the method were verified. As the retention time of each compound
is characteristic for specific chromatographic conditions (mobile phase composition, chromatographic col-
umn, column temperature, etc.), the retention times for the qualitative analysis of the six standards were
determined by individual injection. The external standard method was used for the quantitative analysis of
analytes. Calibration curves were prepared using a series of the working standard solutions. The peak areas
corresponding to each of the standards in a mixture were determined at varying concentrations and standard
curves were drawn. The concentration of the sample was determined from the standard curve corresponding
to the peak area. The accuracy of the method is expressed as recoveries, and the precision is expressed as
the relative standard deviation (RSD) calculated from the peak areas of six samples prepared in parallel
from the same sample. The LOQ, LOD, linearity, and linear range of the method were collected, recorded
and processed using Waters Empower software.

2.5 Data Analysis

The analysis of variance (ANOVA) and significant differences were calculated using SPSS 18.0 statistical
software. Sample preparation and analyses were performed in triplicate, and the results were expressed as
mean ± standard deviation (x ± SD). The Waters Empower software was used to assess the chromatographic
peaks and manual corrections were performed as needed. Data analysis and plotting were performed using
Origin 9.0.

3. Results and Discussion

3.1 Method Validation

The lignans and tocopherols in sesame oil were simultaneously separated by C18 reversed-phase analytical
column. The six analytes were well-resolved (resolution > 1.5) by gradient elution using a methanol-water
solution as the mobile phase. The retention times of sesamol, sesamin, sesamolin, δ-, γ-, and α-tocopherol
were 16.17, 22.83, 24.09, 41.63, 42.99, and 44.53 min, respectively. Chromatograms of the six analytes in
one standard solution (a) and a sesame oil sample (b) are shown in Fig. 2.
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A series of standard solutions, composed of six analytes at seven different concentrations, were used to
prepare calibration curves with the standard solution concentration (μg mL-1) as the abscissa and the area of
absorption peak determined by HPLC as the ordinate. The regression equations and coefficients of correlation
(R2) obtained from the calibration curves of the six analytes using the chromatographic conditions described
(seeSection 2.3 ) are shown in Table 1. The correlation coefficients obtained for each analyte (R2 = 0.9997-
1.0000) showed that this method is reliable for analysis of samples with a wide range of concentrations:
1.00-500.0 μg mL-1 for sesamol, 0.50-650.0 μg mL-1 for sesamin, 0.50-600.0 μg mL-1 for sesamolin, 0.50-200.0
μg mL-1 for α-tocopherol, 1.00-300.0 μg mL-1 for γ-tocopherol, and 0.50-200.0 μg mL-1 for δ-tocopherol.
Empower software was used to calculate the signal-to-noise ratio for the lignans and tocopherols. These
values were used to determine LODs and LOQs, where LOD is the corresponding concentration when the
signal-to-noise = 3:1, and LOQ is the corresponding concentration when the signal-to-noise = 10:1. The
LODs and LOQs of the lignans and tocopherols were in the range of 0.1-0.3 and 0.3-1.0 μg mL-1, respectively
(Table 1).

Sesame oil samples with known lignan and tocopherol content were selected for spike-in recovery experiments.
Lignan and tocopherol standards were added at high (5000 μg g-1), medium (500 μg g-1), and low (50 μg g-1)
concentrations, and the resultant samples were analyzed by RP-HPLC. The average recovery and relative
standard deviation (RSD) were calculated for six replicates of each spike-in concentration (Table 2). The
average recoveries of the spike-in samples ranged from 88.22% to 100.13%, and the RSD (n = 6) ranged from
1.90% to 4.57%. These results show that the method established in this paper has excellent accuracy and
precision.

In general, this method benefits from (1) a small volume of organic solvent for sample pretreatment (10 mL),
(2) rapid preparation (27 min), (3) a simple experimental procedure, (4) high resolution, and (5) sufficient
accuracy and precision to meet detection requirements. This method is therefore suitable for routine analysis.

3.2 Determination of lignans and tocopherols in sesame oil samples

A chromatogram of a sesame oil sample shows no interference peak near the tested analytes (Fig. 2 (b)),
indicating that the method has good selectivity. Different brands of sesame oil prepared via various processing
methods were analyzed using the method established in this work (Table 3). Concentrations of sesamol,
sesamin, sesamolin, and total lignans in the tested sesame oils were ND-339.1, 3640.1-6118.9, 2525.6-3616.0,
and 6529.3-9891.7 μg g-1, respectively. Sesamin and sesamolin are the primary lignans in sesame oil, and
there were significant differences in the content of sesamin in different sesame oils (p < 0.05). The roasted
sesame oils (hot-pressed sesame oil samples 1,2; grinding sesame oil samples 3,4) showed significantly higher
sesamol concentrations than the cold-pressed sesame oils (samples 5,6). This is because the sesamol in
sesame oil is mainly derived from the thermal decomposition of sesamolin at the high temperatures in the
roasting process of sesame raw materials. Therefore, the concentration of sesamol in the roasted sesame oils
is high (171.7-339.1 μg g-1) and that in the cold-pressed sesame oil is very low (ND-12.2 μg g-1), which is
consistent with the results observed by Shi et al. (2017). In addition, the concentration of sesamin in the
roasted sesame oil is higher than that in the cold-pressed sesame oil. This could arise due to the increased oil
yield from the roasting process, which could serve to extract more sesamin, despite its unequal distribution
in sesame. Furthermore, sesamin is relatively stable during baking and is therefore maintained in high yield
during roasting.

The contents of α-tocopherol, γ-tocopherol, δ-tocopherol, and total tocopherols in sesame oil obtained by
different processing technologies were ND-9.8, 428.4-529.7, ND-14.4, and 452.6-546.4 μg g-1, respectively.
The most concentrated tocopherol in sesame oil was γ-tocopherol. The concentrations of α-tocopherol and
δ-tocopherol were less than 15.0 μg g-1. In fact, δ-tocopherol and α-tocopherol were not detected in samples
3 and 5, respectively. There was no significant difference (p > 0.05) in total tocopherol contents between
cold-pressed and roasted sesame oils.

4. Conclusions

An RP-HPLC method for the simultaneous detection of lignans (sesamol, sesamin, sesamolin) and toco-
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pherols (α-tocopherol, γ-tocopherol, δ-tocopherol) in sesame oil was established and verified. The LODs and
LOQs of the six analytes were 0.1-0.3 and 0.3-1.0 μg mL-1, respectively. The recoveries of the samples were
88.22-100.13%, and the relative standard deviations (RSD, n = 6) were 1.90-4.57%.

Six sesame oil samples were tested using the method established in this paper. The results showed that
the main tocopherol in sesame oil was γ-type, and the contents of sesamin and sesamolin were higher
than sesamol. The contents of total lignan and total tocopherol were 6529.3-9891.7 and 452.6-546.4 μg g-1,
respectively. Featuring simple operation, effective separation, and accurate results, this method is ideal for
the routine analysis of antioxidant contents (lignans and tocopherols) in sesame oil.
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Table captions

Table 1 Regression equations, correlation coefficients (R2), LOQs, LODs, and concentration ranges of lignans
and tocopherols

Table 2 Recoveries and RSDs of lignans and tocopherols in sesame oil samples

Table 3 Lignan and tocopherol concentrations in sesame oil samples (μg g-1)

Figure captions

Fig. 1 Structures of α-, γ-, δ-tocopherols, sesamol, sesamolin, and sesamin

Fig. 2 RP-HPLC chromatograms of a mixture of lignan and tocopherol standards (a) and a methanol
extract of sesame oil (b)

Table 1 Regression equations, correlation coefficients (R2), LOQs, LODs, and concentration ranges of lignans
and tocopherols

Analyte Regression
equation

Linear
regression
coefficient
(R2)

LOD (μγ
μΛ

-1
)

LOQ (μγ
μΛ

-1
)

ὃνςεντρατιον

ρανγε (μγ

μΛ
-1
)

Sesamol y = 28,131x -
101,334

0.9997 0.3 1.0 1.00-500.0

Sesamin y = 25,841x +
14,565

1.0000 0.1 0.3 0.50-650.0

Sesamolin y = 16,579x +
4,364

0.9999 0.15 0.5 0.50-600.0

α-Tocopherol y = 5,296x -
17,475

0.9998 0.1 0.3 0.50-200.0

γ-Tocopherol y = 6,773x -
22,684

1.0000 0.15 0.5 1.00-300.0

δ-Tocopherol y = 7,786x -
17,278

0.9999 0.1 0.3 0.50-200.0

Table 2 Recoveries and RSDs of lignans and tocopherols in sesame oil samples

Analyte Βαςκγρουνδ (μγ γ
-1
) Λοω σπικε λεvελ (50 μγ γ

-1
) Λοω σπικε λεvελ (50 μγ γ

-1
) Μεδιυμ σπικε λεvελ (500 μγ γ

-1
) Μεδιυμ σπικε λεvελ (500 μγ γ

-1
) Ηιγη σπικε λεvελ (5000 μγ γ

-1
) Ηιγη σπικε λεvελ (5000 μγ γ

-1
)

Recovery (%) RSD (%) Recover (%) RSD (%) Recover (%) RSD (%)
Sesamol 195.6 88.22 4.57 93.34 2.29 99.67 4.12
Sesamin 5364.6 93.57 3.28 99.25 3.71 96.8 3.89
Sesamolin 2525.6 91.46 3.96 95.78 2.6 97.17 3.58
α-Tocopherol 9.8 89.08 3.41 98.61 3.92 100.13 2.72
γ-Tocopherol 428.4 95.97 2.63 94.89 3.66 97.46 1.9
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δ-Tocopherol 14.4 96.13 3.17 97.03 2.94 98.28 2.45

Table 3 Lignan and tocopherol concentrations in sesame oil samples (μg g-1)

Analyte Mean ± SD(n=3) Mean ± SD(n=3) Mean ± SD(n=3) Mean ± SD(n=3) Mean ± SD(n=3) Mean ± SD(n=3)
1 2 3 4 5 6

Sesamol 195.6 ± 4.53b 212.3 ± 8.59b 171.7 ± 7.26c 339.1 ± 11.55a NDd 12.2 ± 0.12d

Sesamin 5364.6 ± 119.58b 5158.6 ± 81.46b 5356.2 ± 65.66b 6118.9 ± 116.02a 3640.1 ± 105.02d 4810.4 ± 64.20c

Sesamolin 2525.6 ± 134.03d 2812.5 ± 54.05c 3100.7 ± 77.19b 3433.7 ± 60.66a 2889.2 ± 68.71bc 3616.0 ± 74.26a

Total lignans 8085.8 ± 256.43c 8183.4 ± 41.48bc 8628.6 ± 149.34b 9891.7 ± 187.31a 6529.3 ± 39.73d 8438.5 ± 138.13bc

α-Tocopherol 9.8 ± 0.16a 9.3 ± 0.14a 7.9 ± 0.18c 8.4 ± 0.22b NDd 8.5 ± 0.13b

γ-Tocopherol 428.4 ± 15.03b 472.4 ± 11.22ab 518.9 ± 12.78a 529.7 ± 39.24a 491.8 ± 7.85ab 485.1 ± 12.35ab

δ-Tocopherol 14.4 ± 0.30a 12.0 ± 0.19b NDe 8.2 ± 0.18d 11.3 ± 0.17c 13.7 ± 0.16a

Total tocopherols 452.6 ± 14.91b 493.7 ± 11.55ab 526.8 ± 12.62a 546.4 ± 39.60a 503.1 ± 7.73ab 507.3 ± 12.40ab

Values in the same row with different superscript letters are significantly different at P < 0.05.

ND = not detectable.

Fig. 1 Structures of α-, γ-, δ-tocopherols, sesamol, sesamolin, and sesamin

Fig. 2 RP-HPLC chromatograms of a mixture of lignan and tocopherol standards (a) and a methanol
extract of sesame oil (b)
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