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An HPLC method was developed and validated for the quantification of sesaminol triglucoside and
a sesaminol diglucoside in sesame seeds. These two lignans were isolated, and their structures
were characterized by mass and nuclear magnetic resonance spectroscopy. Defatted sesame flour
was extracted first with 85% ethanol for 5 h followed by 70% ethanol for 10 h at room temperature
using naringenin as internal standard. Analysis of 65 different samples of sesame seeds indicated
that the content of sesaminol triglucoside ranged from 36 to 1560 mg/100 g of seed (mean 637 (
312) and that of sesaminol diglucoside ranged from 0 to 493 mg/100 g of seed (mean 75 ( 95). No
significant difference was found between sesaminol glucoside contents in black and white seeds.
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INTRODUCTION

Sesame (Sesamum indicumL.), considered to be an important
oilseed since ancient times, is composed of 50% oil and 20%
protein (1). The most outstanding characteristic of sesame oil
is its content of two major lignans, sesamin and sesamolin,
which have attracted a lot of interest during last years because
of health-promoting effects (1). For example, it was shown that
sesamin reduces the absorption and biosynthesis of cholesterol,
resulting in reduction of plasma and liver cholesterol in rats
(2) and plasma cholesterol in humans (3). Sesamin also elevates
γ-tocopherol in plasma and liver of rats (4). In addition, sesame
seed contains large quantities of oil-insoluble lignan glucosides
including pinoresinol glucosides (5) and sesaminol glucosides
(6). Their aglycones possess peroxyl radical scavenging activities
after being liberated in the gastrointestinal tract byâ-glucosidase
(7).

Kang et al. (8) showed that lipid peroxidation, measured as
2-thiobarbitoric acid reactive substance (TBARS), was lower
in the liver and serum and that liverR- and γ-tocopherol
concentrations were significantly higher in rabbits fed defatted
sesame flour (DSF) containing 1% sesaminol glucoside. In their
experiment, sesaminol was detected in both serum and liver of
rabbits. Sesaminol and its steroisomers, through their phenolic
moiety, are potent inhibitors of the oxidation of low-density
lipoprotein induced by 2,2′-azobis(2,4-dimethylvaleronitrile) (9).
It was also shown that sesaminol glucosides inhibit allergen
absorptionin Vitro (10).

It is important to understand the variation in the content of
physiologically active constituents in raw materials for any
potential incorporation in functional foods. This knowledge is
of great interest for agronomist and plant breeders. However,

despite the diversity of lignan glucosides in sesame seeds and
considering their biological activities and potential use in
functional foods, no validated method is available for their
analysis. The only previous report (11) just reported range and
mean concentrations of sesaminol triglucoside and a sesaminol
diglucoside in 25 sesame seed samples. The aim of this study
was to isolate, characterize, and develop a validated method to
analyze sesaminol glucosides in 65 different varieties of sesame
seed.

MATERIALS AND METHODS

Chemicals and Reagents.Sodium dihydrogen phosphate monohy-
drate, HPLC-grade acetonitrile, methanol, pre-coated silica gel 60 TLC
plates (5× 20 cm2 or 10 × 20 cm2, 0.25 mm layer thickness), and
silica gel 60 for column chromatography (0.04-0.063 mm) were
purchased from Merck (Darmstadt, Germany). Naringenin (4′,5,7-
trihydroxyflavanone), used as internal standard, was purchased from
Aldrich (Milwaukee, WI). Bondesil-C18 (40µm) was purchased from
Varian Inc. (Harbor City, CA). Absolute ethanol was from Kemetyl
(Haninge, Sweden). All other solvents and reagents used in this study
were of analytical grade and were used without further purification.

Sesame Seeds.Sixty-five different sesame seed samples were bred,
grown, and harvested in Sesaco corporation nurseries in Texas. The
sesame seeds analyzed in this study had white (n ) 47), black (n )
11), and brown and yellow colors (n ) 7). Seeds from semishattering
(n ) 8) and nondehiscent (n) 28) plants were harvested when the
plants were dry, and the dehiscent types (n ) 29) were harvested when
half of the plant was dry. The plants were hand-selected, hand cut, put
through a plot thresher, and carefully cleaned to remove all foreign
materials.

Isolation and Structural Characterization of Sesaminol Gluco-
sides.Sesame seeds (ca. 250 g) were ground and defatted withn-hexane
to obtain defatted sesame flour (DSF, ca. 125 g), which was extracted
with 1 L of 80%ethanol for 24 h to obtain a crude extract containing
sesaminol glucosides. Part of the crude extract (1 g) was dissolved in
methanol (3 mL) and used for thin-layer chromatography (TLC). A
portion of the solution (5µL) was applied manually on informative
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TLC plates (5 × 20 cm2), which were developed twice (in one
dimension) using chloroform/methanol (1:1, v/v) as the mobile phase.
The spots were visualized by spraying with 50% sulfuric acid in ethanol/
diethyl ether (1:1, v/v) andRf values for the different spots on the TLC
plates were calculated(Figure 1a).

For the isolation of sesaminol diglucoside, ten TLC plates (10× 20
cm2) were used, leaving 1.5 cm on each side of the plate. Then the
crude extract solution was applied as eight 5µL spots separated by 1
cm distances along the central part of the plate. The plates were
developed using the same method as above, allowed to dry, and exposed
to iodine vapor for 20 min to stain reversibly. Separated spots were
marked with a pencil, and then 2 cm was cut off from one side of each
plate for visualization by spraying with 50% sulfuric acid in ethanol/
diethyl ether (1:1, v/v). Areas corresponding to selectedRf values(Table
1) were scraped and extracted with chloroform/methanol (1:1, v/v).
The extracts were dried and dissolved in 70% ethanol for further
analysis with HPLC-DAD and LC-MS. The extract corresponding to
Rf 0.65-0.72 was used for structural characterization of sesaminol
diglucoside by NMR.

For the isolation of sesaminol triglucoside, the crude extract (4.5 g)
was dissolved in 50 mL of 25% methanol and applied to 50 g of
Bondesil-C18 (40µm) silica packed in Buckner funnel (8 cm i.d., 4
cm) with slight suction(Figure 2). The column was eluted with 300
mL portions of 25, 50, 75, and 100% methanol in series, and four
fractions were collected. After HPLC analysis (described later), the 50
and 75% methanol fractions were pooled together, dried, and dissolved
in 10 mL of chloroform/methanol (1:1, v/v). This solution was then
applied to an open column (50 cm, 2.5 cm i.d.) packed with 95 g of
activated silica gel 60 (0.04-0.063 mm). This normal-phase column
was eluted with chloroform/methanol (1:1, v/v), and fractions were
collected in 10 mL tubes. After monitoring by HPLC-DAD, tubes
numbered 35-39, which had high concentration and purity of sesaminol
triglucoside, were pooled.

The identities of the compounds were confirmed by mass and nuclear
magnetic resonance spectroscopy. Proton (1H NMR), carbon-13 (13C
NMR), correlation (COSY), total correlated (TOCSY), heteronuclear
multiple bond correlation (HMBC), heteronuclear multiple quantum
correlation (HSQC), rotating Overhauser effect (ROESY), and nuclear
Overhauser effect (NOESY) spectroscopies were performed using a
Bruker DRX 400 instrument (Karlsruhe, Germany). The measurements
were performed at frequencies of 400 (1H) and 100 (13C) MHz in CD3-
OD (D, 99.8%) at 30°C. 1H NMR chemical shifts were referenced to
TMS while 13C chemical shifts were referenced to the methyl group
signals from residual methanol (δ 49.0). A sequence with presaturation
of the water peak was used for1H NMR. Mixing times for different

Figure 1. Chromatographic separation and UV spectra of sesaminol glucosides in sesame seeds: (a) TLC separation of defatted sesame flour extract
(silica gel 60, chlorophorm/methanol, 1:1, v/v); (b) a typical reversed phase HPLC chromatogram of defatted sesame flour (detection 290 nm); (c) UV
spectra of major peaks of defatted sesame flour extract.

Table 1. Structural Study of Defatted Sesame Flour Extract by TLC, HPLC-DAD, and LC-MS

compound TLC Rf HPLC tR (min) UV absorption (λ, nm) LC-MS positive mode LC-MS negative mode

sesaminol triglucoside 0.36−0.41 19.0 238, 291 [S3G + Na]+ ) 879.2 [S3G − H]- ) 885.2
sesaminol diglucoside 0.65−0.72 25.6 238, 292 [S2G + Na]+ ) 717.1 [S2G + CH3COO]- ) 753.2
sesaminol diglucoside?a 0.72−0.75 25.6 239, 293 [S2G + Na]+ ) 717.1 [S2G + CH3COO]- ) 753.2

a In the extract of the TLC spot (Rf ) 0.72−0.75), there is a mixture of sesaminol diglucoside and P3.

Figure 2. Isolation of Sesaminol Triglucoside.
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NMR techniques were as follows: TOCSY (60 ms), HMBC (65 ms),
ROESY (150 ms), and NOESY (300 ms).

HPLC Analysis of Sesaminol Glucosides.To obtain defatted
sesame flour (DSF) for analytical purposes, sesame seeds were defatted
by vigorous shaking of triplicate samples (each of 5 g of theseeds) in
stainless steel tubes with four steel balls and 30 mL of hexane/2-
propanol (3:1, v/v) for 1 h as described elsewhere (12).

Dried DSF samples were weighed (0.5 g) in glass tubes (35 mL) in
triplicate and extracted for 5 h with 8.25 mL of 85% ethanol containing
100µg/mL of naringenin as internal standard. Then, the extraction was
continued overnight after adjusting the ethanol concentration to 70%
by adding 1.75 mL of distilled water to the extraction tubes. Thereafter,
the tubes were centrifuged for 10 min at 2000 rpm and the supernatants
were filtered (0.45µm PTEF membrane, Pall Acrodisc, Ann Arbor,
MI).

Samples were analyzed by HPLC (Dionex PDA-100, Dionex,
Sunnyvale, CA) with a diode array detector (DAD), which also provided
the UV spectra of the peaks, and an Econosil ODS column (5µm, 250
mm × 4.6 mm, Alltech Co., Waukegan Road, Deerfield, IL). The
eluents used were (A) 0.01 M phosphate buffer (pH 2.8) containing
5% acetonitrile and (B) acetonitrile. The elution conditions were 0-5
min (15% B), 30 min (30% B), and 40-50 (70% B), and the flow rate
was 1.0 mL/min.

The quantities of sesaminol triglucoside and sesaminol diglucoside
were calculated from the peak areas at 290 nm against the internal
standard (naringenin). To calculate the relative response factors (RRFs)
with reference to the internal standard, solutions including 14 different
concentrations of sesaminol triglucoside and naringenin were analyzed
by HPLC and peak areas were used to draw the calibration curves for
sesaminol and naringenin. The response factor for sesaminol relative
to naringenin was calculated as 0.345 and was used to calculate the
concentrations of sesaminol triglucoside and sesaminol diglucoside in
DSF, assuming equal response.

Mass Spectroscopy of Defatted Sesame Flour Extract.LC-MS
(Agilent, 1100 series, Alpharetta, GA) with electrospray ionization (ESI)
and a Genesis C18 column (4.6 mm× 150 mm, 4 m particle size,
Jones Chromatography, Gengoed, U.K.) was used for further structural
analysis of DSF extracts and the extracts obtained from TLC. The
eluents used were (A) 10 mM acetic acid (pH 3) and (B) acetonitrile.
The elution conditions were 0-5 min (20% B) and 30-50 min (70%
B), and the flow rate was 0.4 mL/min. At the interface, the drying gas
was set to 9 L/min, the nebulizer pressure was 30 psi, the drying gas
temperature was 350°C, and the scanning range was 300-1000m/z.

Statistical Analysis.The analysis of variance was performed using
MINITAB 14 software, and significant differences between samples
means were determined using Tukey’s test.

RESULTS AND DISCUSSION

In this paper, we report methods for the isolation and
characterization of sesaminol diglucoside and sesaminol triglu-
coside from sesame seeds for the first time. Details of the
methods used are givenVide infra. The isolated standards were
used to calibrate and validate an HPLC analytical method, which
was then used to analyze 65 samples.

Isolation and Structural Characterization of Sesaminol
Glucoside. Figure 1ashows the TLC separation of DSF lignans.
The large TLC spot I (Rf 0.36-0.41) was assigned as sesaminol
triglucoside by comparing its retention time and UV spectrum
with the sesaminol triglucoside that was purified and character-
ized in this study. There were two other spots (Rf 0.65-0.72
and Rf 0.72-0.75) which were scraped and extracted with
methanol/chloroform (1:1, v/v) for further analysis with HPLC-
DAD and LC-MS. The extract from spot II (Rf 0.65-0.72) had
an HPLC retention time of 25.6 min(Figure 1b) and a UV
spectrum(Figure 1c) and mass spectrum(Table 1) similar to
those of the peak eluting atRf ) 25.6 min on the HPLC
chromatogram of the crude extract. This peak was characterized
as sesaminol diglucoside (Vide infra). The extracts from spot

III (Rf ) 0.72-0.75) gave two peaks in the HPLC chromato-
gram. The first peak had a retention time, UV spectrum(Figure
1c),and mass spectrum similar to those for the above-mentioned
sesaminol diglucoside, and the second peak had a retention time
(27 min) similar to that for an unknown, P3, on HPLC
chromatogram. As shown inFigure 1c, sesaminol diglucoside
and P3 have similar UV spectra. The detection of sesaminol
diglucoside in the extract from TLC spot III (Rf ) 0.72-0.75)
can be because of contamination from TLC spot II (Rf ) 0.65-
0.72) or the presence of another isomer of sesaminol diglucoside
eluting as P3.

Table 2 presents the1H and13C NMR spectra of sesaminol
triglucoside (sesaminol 2′-O-â-D-glucopyranosyl (1f2)-O-[â-
D-glucopyranosyl (1f6)]-â-D-glucopyranoside)(Figure 3) iso-
lated in this study. H-1 (δ 2.92) appeared as a multiplet due to
coupling with H-8a, H-8e, and H-2. Similarly, H-5 (δ 3.03)
appeared as a multiplet due to coupling with H-4a, H-4e, and
H-6. These results were confirmed by COSY. On the other hand,
HMBC confirmed the coupling between H-2 (δ 5.21) and C-8
(δ 73.6) and between H-6 (δ 4.70) and C-4 (δ 72.7). HMBC
also confirmed coupling between H-1 and C-1′ (δ 125.5),

Table 2. 1H NMR (400 MHz) and 13C NMR (133 MHz) Spectral Data
of Sesaminol Triglucoside and Sesaminol Diglucoside Isolated from
Sesame Seeds

sesaminol triglucoside sesaminol diglucoside

position δH δC δH δC

1 2.92 m 55.9 3.05 55.3
2 5.21 d, J ) 5.2 82.5 5.21 d, J ) 4.7 82.6
4 3.88 dd, J ) 4.4, 9 (axial) 72.7 3.89 dd, J ) 4.2, 9.1 (axial) 72.1
4 4.27 dd, J ) 6.6, 9

(equatorial)
4.22 dd, J ) 6.4, 9.1

(equatorial)
5 3.03 m 55.6 3.00 m 55.5
6 4.7 d, J ) 5.3 86.3 4.66 d, J ) 5.4 86.6
8 4.23 d, J ) 5.6 (axial) 73.6 4.09 dd, J ) 4.4, 9.1 (axial) 73.9
8 4.23 d, J ) 5.6

(equatorial)
4.31 dd, J ) 7.3, 9.1

(equatorial)
1′ 125.5 125.6
2′ 150.0 150.5
3′ 6.91 s 99.03 6.93 s 99.5
4′ 144.4 144.2
5′ 149.0 148.6
6′ 6.84 s 105.7 6.85 s 105.7
1′′ 136.6 136.4
2′′ 6.87 d, J ) 1.5 107.3 6.87 107.1
3′′ 144.1 149.0
4′′ 148.6 148.6
5′′ 6.77 d, J ) 7.8 108.7 6.77 108.8
6′′ 6.83 dd, J ) 1.5, 7.6 120.4 6.84 120.4
−O−CH2−O−′ 5.9 102.6 5.91 101.9
−O−CH2−O−′′ 5.91 102.4 5.90 102.0
G1 5.03 d, J ) 7.6 101.05 4.85a 102.9
G2 3.81 81.6 3.46 74.86
G3 3.72 78.1 3.68 77.0
G4 3.45 71.0 3.44 71.1
G5 3.74 76.8 3.45 77.9
G6a 4.15 dd, J ) 1.7, 11.7 70.11 4.15 dd, J ) 1.9, 11.5 70.0
G6b 3.82 m 3.83 m
G1′ 4.88 d, J ) 7.7 104.2 4.35 d, J ) 7.7 104.5
G2′ 3.26 75.7 3.24 dd, J ) 8.1, 7.7 74.9
G3′ 3.42 77.7 3.36 77.7
G4′ 3.42 71.1 3.31 71.5
G5′ 3.35 77.8 3.21 77.7
G6′a 3.74 m 62.1 3.85 m 62.7
G6′b 3.74 m 3.64 m
G1′′ 4.35 d, J ) 7.7 104.7
G2′′ 3.24 75.1
G3′′ 3.35 77.8
G4′′ 3.21 71.9
G5′′ 3.19 71.5
G6′′a 3.64 dd, J ) 6.4, 11.5 62.7
G6b′′b 3.85 m

b Because of virtual higher order, the coupling constant cannot be reported.
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between H-2 and C-5′ (δ 149.0), between H-5 and C-1′′ (δ
136.6), and between H-6 and C-6′′(δ 120.4) and C-2′′(δ 107.3).
1H NMR showed coupling between H-6′′ and H-2′′(J ) 1.5
Hz). The position of C-4′′ (148.6δ) was assigned from coupling
with H-6′′ in HMBC. The aromatic carbons were assigned from
coupling to the corresponding hydrogen in HSQC. The gly-
cosilation at C-2′ (δ 150) was confirmed by a cross-peak with
the anomeric proton (G1,δ 5.03) and a downfield shift in
comparison with C-2′′(δ 107.3). A downfield shift in C-G6
(δ 70.11) in comparison with C-G6′(δ 62.1) and C-G6′′(δ
62.7) in addition to a cross-peak with the anomeric proton (G1′,
δ 4.88) in HMBC confirmed the presence of a 1f6 bond
between these sugars. Similarly, a downfield shift in C-G2 (δ
81.6) in comparison with C-G2′ (δ 75.7) and C-G2′′ (δ 75.1)
besides a cross-peak with the anomeric proton (G1′′, δ 4.35)
confirmed a 1f2 bond between these sugars. The coupling
constant for the anomeric protons G1 (δ 5.03,J ) 7.59 Hz),
G1′ (δ 4.88, J ) 7.47 Hz), and G-1′′ (δ 4.35, J ) 7.73 Hz)
confirmed theâ-configuration of these proton (6).

The structure of sesaminol diglucoside(Figure 3) extracted
from TLC spot II (Rf ) 0.65-0.72) was investigated by NMR,
and its1H and13C NMR spectra are also presented inTable 2.
The structure of the aglycone in sesaminol diglucoside was
confirmed in the same way as for sesaminol triglucoside. HMBC
showed a cross-peak between the anomeric proton (G1′, δ 4.35)
and C-G6 (δ70.0), indicating a 1f6 bond between sugars
number two and one. Moreover, ROESY and NOESY spectra
indicated a cross-peak between the anomeric proton (G1′, δ
4.35) and G6a (δ 3.83) and G6b (δ 4.15) which confirmed the
result obtained by HMBC concerning the 1f6 bond between
sugars. This sugar configuration (1f6) was different from that
in the other sesaminol diglucoside isomer isolated and charac-
terized by Katsuzaki et al. (6), in which the sugar residue had
a 1f6 bond. The sesaminol diglucoside analyzed in this study
is, thus, sesaminol 2′-O-â-D-glucopyranosyl (1f6)-O-â-D-
glucopyranoside. It is possible that two isomers of sesaminol

diglucoside exist in DSF since Katsuzaki et al. have isolated
two pinoresinol diglucosides from defatted sesame flour having
both 1f6 and 1f2 bonds between their sugars (5).

Development and Validation of the Analytical Method.
The extraction efficiency of sesaminol triglucoside was inves-
tigated by taking different parameters including ethanol percent-
age, extraction time, cake-to-solvent ratio, and temperature into
consideration. Among different ethanol concentrations, 70% (9.9
mg/g of DSF) and 80% (10 mg/g of DSF) provided higher
recovery of sesaminol triglucoside compared with 50% (7.6
mg/g of DSF), 60% (9.3 mg/g of DSF), and 90% (3.3 mg/g of
DSF) (n ) 7, p < 0.01). The prolongation of the extraction
time, from 15 h (9.8 mg/g of DSF) to 72 h (9.39 mg/g of DSF),
caused a 4.2% decrease in the extractability of sesaminol
triglucoside (n ) 7, p < 0.001) possibly because of degradation
by an enzyme. To gain the mutual benefit of higher recovery
and less degradation, a method was developed based on
extraction with 85% ethanol for 5 h followed by 70% ethanol
for 10 h. This extraction method provided better extractability
(10.4 mg/g of DSF) in comparison with extraction with either
70% (9.9 mg/g of DSF) or 85% ethanol (5.9 mg/g of DSF) (n
) 6, p < 0.001). The recovery decreased significantly (n ) 5,
p < 0.01,) when the DSF to solvent ratio increased from 0.25
g/10 mL (10.47 mg/g of DSF) to 0.8 g/10 mL (10.04 mg/g of
DSF), but no significant difference in recovery was found
between 0.25 g/10 mL (10.47 mg/g of DSF) and 0.5 g/10 mL
(10.40 mg/g of DSF). Therefore, considering the small coef-
ficient of variation (CV) 0.6%) when 0.5 g/10 mL was used,
this was chosen as a proper ratio. To investigate the effect of
extraction temperature on the extractability of sesaminol tri-
glucoside, DSF was extracted at 20, 37, and 55°C. Statistical
analysis revealed no difference between the different temper-
atures used, and room temperature was, therefore, chosen (n )
7).

The effect of the solid matrix on the recovery of internal
standard, naringenin, was investigated by spiking different
amounts of DSF (0.25-0.8 g/10 mL) with different concentra-
tions of internal standard (50-200µg/mL). Analysis of variance
indicated no significant effect of the DSF matrix on the recovery
of naringenin under the investigated range (n ) 6). The precision
of the method was determined by analyzing sesaminol triglu-
coside in DSF in six different days. Each day, sesame cake was
extracted and analyzed by HPLC (n ) 5) using the method
describedVide supra. The intra-assay precision (within day
variation) ranged from 0.6 to 2.8% with the average of 1.6%,
and the inter-assay precision (between days variation) was 2.8%.

Using sesaminol triglucoside standard, the detection limits
of the method were determined as 10 mg/100 g of DSF for
sesaminol triglucoside and 8 mg/100 g of DSF for sesaminol
diglucoside using a signal-to-noise ratio of 3. The concentration
of sesaminol glucoside having a peak height 10 times higher
than noise was considered as the limit of quantification (40 mg/
100 g of DSF for sesaminol triglucoside and 32 mg/100 g of
DSF for sesaminol diglucoside). Linearity was confirmed
between the lowest and highest concentrations of sesaminol used
in the standard curve (9 and 435µg/mL, respectively).

Variation in Sesaminol Glucoside Contents in Defatted
Sesame Flour.The method described above was used for the
quantification of sesaminol triglucoside and sesaminol diglu-
coside in 65 different sesame seed samples(Table 3). Sesaminol
triglucoside had a range of 36-1560 mg/100 g of seeds (mean
640( 317 mg/100 g of seeds) that is broader than what Ryu et
al. (11) had reported previously in 25 cultivars analyzed (mean
68.4 mg/100 g of seeds). The analysis of variance indicated no

Figure 3. Structures of the two sesaminol glucosides analyzed in sesame
seeds.
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significant difference between the sesaminol triglucoside content
of black (mean 521( 339 mg/100 g of seeds) and white seeds
(mean 691( 694 mg/100 g of seeds). Sesaminol diglucoside

ranged from undetectable to 493 mg/100 g of seeds (mean 75
( 95 mg/100 g of seeds). Four white sesame samples had high
sesaminol diglucoside contents (322-493 mg/100 g of seeds).
After excluding these four samples, there was a significant
correlation between sesaminol triglucoside and sesaminol di-
glucoside (R2 ) 0.6, p < 0.001).

Despite the high content of sesaminol triglucoside in sesame
seeds and the fact that its aglycone has strong free radical
scavenging properties (13), limited research has been performed
in order to figure out its physiological activities. Moreover,
nothing is known about the biosynthesis (14) and transformation
of sesaminol glucosides during seeds maturation, although
sesaminol triglucoside is apparently a major sesame seed lignan.
The chromatographic and quantification parameters of the new
HPLC method, which was developed and validated for the first
time in this study, were stable and reliable, and the method was
sensitive and linear in the reported range. The use of naringenin
as internal standard made easy the analysis of different sesame
seeds. A broad range of sesaminol glucosides was found in the
defatted sesame flour that should be considered when breeding
new sesame seeds or for any potential incorporation of the seeds
into functional foods. Moreover, a new isomer of sesaminol
diglucoside was isolated and characterized using NMR and LC-
MS and quantified by the method developed and validated in
this study. A method was also developed for isolation of
sesaminol triglucoside which was simpler and faster than what
Katsuzaki et al. have reported (6).
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