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Abstract

Objectives: In this study, we aimed to determine the
antioxidant activities of two varieties of sesame (Sesamum
indicum L.) seeds using 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2.,2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic
acid) (ABTS), and ferric reducing antioxidant power
(FRAP) method, and to investigate the correlation be-
tween total phenolic as well as flavonoid contents and
antioxidant activities of the extracts.

Methods: The antioxidant activities were determined us-
ing DPPH, ABTS, and FRAP assays, and the total
phenolic content (TPC) and total flavonoid content
(TFC) were measured by ultraviolet (UV)-Vis spectro-
photometry. The correlation between total phenolic and
flavonoid contents and DPPH ICsy, ABTS ICsp and
FRAP ECs, values was analyzed by Pearson’s method.
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Results: The IC5y DPPH values of all sesame seed ex-
tracts were in the range of 8.88—44.21 pg/mL and ICs,
ABTS values were in the range of 24.91—141.19 pg/mL.
ECsp FRAP value ranged from 222.40 to 872.57 ug/mkL.
The highest TPC of 1.57 g gallic acid equivalent (GAE)/
100 g was observed in ethanolic extract of black sesame
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seed, while the highest TFC of 4.29 g quercetin equivalent
(QE)/100 g was observed in ethyl acetate extract of white
sesame seeds. The TPC in black sesame seed extract was
significantly negative correlated with 1Csy ABTS value
(r = —0.828, p < 0.01) and ECsy FRAP value (r =
—0.976, p < 0.01).

Conclusions: All sesame seed extracts were categorized as
very strong antioxidants by DPPH assay. Phenolic com-
pounds in black sesame seeds were found to be the major
contributors to antioxidant activities by using ABTS and
FRAP methods. White and black sesame seeds have the
potential to be developed as sources of natural
antioxidants.

Keywords: ABTS; Antioxidant; Black sesame seed; DPPH;
FRAP; White sesame seed
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Introduction

Many degenerative diseases are caused by the excessive
production of free radicals. These free radicals can be scav-
enged by antioxidants. Many plants, including fruits and
vegetables, are natural antioxidants owing to the presence of
phenolic and flavonoid compounds that exert antioxidant
capacity.l*3 Phenolic compounds such as flavonoids have
many benefits including antioxidant, antibacterial, and
antidiabetic activities.* °

Methods such as 2,2-diphenyl-1-picrylhydrazyl (DPPH),
ferric reducing antioxidant power (FRAP), and 2,2'-azino-
bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) have been
used to determine antioxidant activity in many plant ex-
tracts.”>’ Previous studies’ ! showed that DPPH, ABTS,
and FRAP can be used to determine the antioxidant
potential of fruits, vegetables, beverages, and food.

Two varieties of sesame (Sesamum indicum L.) seeds are
widely consumed. Previous studies demonstrated that sesame
seeds contain flavonoids and other phenolic compounds that
can act as antioxidants.'”!'* Bopitiya and Madhujith14
reported that the methanolic extract of sesame oil exhibited
antioxidant activity. Zhou et al. reported the antioxidant
activities of six sesame seed varieties from Taiyuan-China
by using oxygen radical absorbance capacity (ORAC)
method. "

Sesame seeds contain various compounds, including
nonpolar, semipolar, and polar compounds. The different
polarities of compounds in sesame seeds may render different
antioxidant potentials. To date, no study has reported the
antioxidant potential of two varieties of sesame (S. indicum
L.) seeds extracted with different polarity solvents.

In the present study, we aimed to determine the antioxi-
dant potential of extracts of varying polarities (n-hexane,
ethyl acetate, and ethanol) from two varieties of sesame seeds
grown in East Java-Indonesia by using DPPH, ABTS, and

FRAP assays. In addition, we aimed to investigate the cor-
relation between total phenolic and flavonoid contents and
the antioxidant activities of the extracts. We hope white and
black sesame seeds has potential as a source of natural
antioxidants.

Materials and Methods
Materials

DPPH, ABTS diammonium salt, 2,4,6-tripyridyl-S-
triazine (TPTZ), gallic acid, and quercetin were purchased
from Sigma-Aldrich (MO, USA).

Sample preparation

Sesame seeds were purchased from a local market in
Bandung, East Java-Indonesia. The two varieties of sesame
seeds used in this research are WS seeds and BS seeds. These
seeds were ground into a powder for further experiments.

Extraction

Each sample was extracted using solvents with different
polarities by reflux. Powdered samples (300 g) were extracted
in triplicate with n-hexane. The remaining residue was then
extracted in triplicate with ethyl acetate. The subsequent
residue was extracted in triplicate with ethanol. Thus, there
were six extracts: two n-hexane extracts (namely WS1 and
BS1), two ethyl acetate extracts (WS2 and BS2), and two
ethanolic extracts (WS3 and BS3).

Determination of antioxidant activity by DPPH assay

The antioxidant activity of extracts was determined by
DPPH assay using Blois’s method with some modifica-
tions.'® Each extract was prepared in various concentrations.
The extract (2 mL) was added to 2 mL of DPPH solution
(50 pg/mL) to initiate the reaction for obtaining a
calibration curve. The absorbance at 515 nm was measured
after incubation for 30 min by using an ultraviolet (UV)—
Vis spectrophotometer (Beckman Coulter DU 720). DPPH
(50 pg/mL) was used as the control, ascorbic acid as the
standard, and methanol as the blank. Analysis was
conducted in triplicate for the standard and each extract.
The antioxidant activity was revealed as ICsy of DPPH
scavenging activity by observing the 50% inhibitory
concentration for each extract using the calibration curve.

Determination of antioxidant activity by ABTS assay

ABTS solution was prepared by the modification of a
previous method.'® Solution of ABTS diammonium salt
(7.6 mM) and potassium persulfate (2.5 mM) each in aqua
dest was prepared and left in a dark room for 12 h. The
two solutions were mixed and incubated for 30 min, left in
the refrigerator for 24 h, and then diluted in ethanol. Each
extract was prepared in various concentrations. The extract
(2 mL) was added to 2 mL of ABTS (50 pg/mL). The
absorbance was read at 734 nm using the UV—Vis
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spectrophotometer Beckman Coulter DU 720. Ethanol
(95%) was used as the blank, ABTS (50 pg/mL) as the
control, and ascorbic acid as the standard. Antioxidant ac-
tivity was demonstrated as ICsy of ABTS scavenging activity
by calculating the 50% inhibitory concentration for each
extract using the calibration curve.

Determination of antioxidant capacity by FRAP assay

FRAP assay to determine the antioxidant capacity of
extracts was performed according to the method by Benzi
and Strain,17 with minor modifications. FRAP solution was
prepared in acetate buffer (pH 3.6). Various concentrations
of each extract were prepared. The extract (2 mL) was
added to 2 mL of FRAP (50 pg/mL). After incubation for
30 min, the absorbance was read at 593 nm. Ascorbic acid
was used as the standard, FRAP (50 pg/mL) as the
control, and acetate buffer as the blank. The antioxidant
capacity was presented as ECsy of FRAP capacity by
determining the 50% exhibitory concentration using the
calibration curve.

Determination of total phenolic content (TPC)

Folin-Ciolcalteu’s reagent was used to determine the
TPC.'"® The absorbance was read at 765 nm. Gallic acid
solution (50—160 pg/mL) was wused to obtain the
calibration curve. TPC was expressed as the percentage of
gallic acid equivalent (GAE) per 100 g extract (g GAE/
100 g).

Determination of total flavonoid content (TFC)

A modification of Chang’s method was used to determine
TFC." The absorbance was read at 415 nm. Quercetin
solution (50—125 pg/mL) was used to obtain a calibration
curve. TFC was expressed as the percentage of quercetin
equivalent (QE) per 100 g extract (g QE/100 g).

Statistical analysis

Each sample analysis was performed in triplicate. All of
the presented results are the means (+standard deviation) of
at least three independent experiments. Statistical analysis
was performed by SPSS 16 for Windows. Statistical signifi-
cance was observed using independent samples -test
(p < 0.05). Correlation between total phenolic and flavonoid
contents and the antioxidant activities of the extracts, as well
as the correlation between the three assays were analyzed
using the Pearson’s method.

Results

The density of the extract did not observe in 100%
concentrated extract. It is difficult to put 100% concentrated
extract into pycnometer. Therefore the density of each
extract was presented in diluted extract and prepared in 1%
extract (Table 1).

The antioxidant activity of different extracts of the two
varieties of sesame seeds was determined by calculating the
IC5p of DPPH and ABTS scavenging activities. Meanwhile,

Table 1: Density of various extracts of sesame seeds.

Sample Density 1% extract (g/mL)
n-hexane Ethyl acetate Ethanol
extract extract extract
White sesame 0.7693 1.0317 0.9237
Black sesame 0.7699 1.0310 0.9275

in FRAP assay, the antioxidant activity was determined by
calculating the ECsy of FRAP capacity for each extract. The
lowest ICsy or ECsg value corresponds to the highest anti-
oxidant activity. DPPH ICsy, ABTS ICsp, and FRAP ECsg
values were compared to the ICsq of ascorbic acid (standard).
The ICsy of DPPH and ABTS scavenging activities of
different extracts of the two varieties of sesame seeds was in
the range of 8.88—44.21 and 24.91—141.19 pg/mL, respec-
tively, while the EC5y of FRAP was in the range of 222.40—
872.57 pg/mL (Figures 1-3).

The TPC in different extracts of the two varieties of ses-
ame seeds was expressed in terms of GAE and was in the
range of 0.23—1.57 g GAE/100 g. BS3 had the highest TPC
(1.57 g GAE/100 g), while WS1 had the lowest (0.23 g GAE/
100 g; Figure 4).

The TFC in different extracts of the two varieties of ses-
ame seeds was expressed in terms of QE, and the values
ranged from 0.29 to 4.29 g QE/100 g. The highest TFC was
shown by WS2 (4.29 g QE/100 g), while the lowest TFC was
observed in BS3 (0.29 g QE/100 g; Figure 5).

The TPC in black sesame seed extract was significantly
negatively correlated with ICsy ABTS (r = —0.828, p < 0.01)
and ECso FRAP (r = —-0.976, p < 0.01). The TFC in WS seed
extract showed significant negative correlation with ECsg
FRAP (r = —0.72; p < 0.05) (Table 2). Significant positive
correlations were observed between ICso DPPH and ECsg
FRAP (r = 0.921, p < 0.01) for WS extracts, and ICsg
ABTS and ECsy FRAP (r = 0.898, p < 0.01) for BS
extracts (Table 2).

Discussion

The components in each crude drug were separated using
three solvents of different polarities. N-hexane solvent was
using to separate nonpolar compounds. The residue of crude
drug was extracted in triplicate with ethyl acetate solvent to
separate most of the semi polar compounds. The polar
compounds in the crude drug residue were separated with
ethanol solvent.

The phytochemical contents and antioxidant activities
among the extracts can be compared if the density of the
extracts is similar. High-density extracts may show higher
phytochemical content and higher activity than low-density
extracts. Therefore, all the extracts (six extracts) used in the
present study were prepared at similar density.

The major antioxidant assays can be divided into two
categories: single electron transfer (SET)-based assay and
hydrogen atom transfer (HAT)-based assay.zo In SET-based
methods, the ability of antioxidants to transfer one electron
to reduce any oxidant is measured, while HAT-based
methods measure the ability of antioxidants to quench rad-
icals by hydrogen donation. SET and HAT mechanisms
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Figure 1: 1Csy of DPPH scavenging activity in various extracts of sesame seeds (n = 3, all extracts were significantly different compared to
ascorbic acid, p < 0.05).
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Figure 2: 1Csy of ABTS scavenging activity in various extracts of sesame seeds (n = 3, all extracts were significantly different compared to
ascorbic acid, p < 0.05).
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Figure 3: EC5y of FRAP capacity in various extracts of sesame seeds (n = 3, all extracts were significantly different compared to ascorbic
acid, p < 0.05).
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Figure 4: Total phenolic content in various extracts of sesame seeds (n = 3).
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Figure 5: Total flavonoid content in various extracts of sesame seeds (n = 3).

Table 2: Pearson’s correlation coefficient of TPC and TFC in various extracts with ICsy of DPPH, ICsj of ABTS, and ECsy of FRAP.

Antioxidant parameter Pearson’s correlation coefficient (r)

TPC TFC ECso FRAPWS  ECso FRAPBS  ICs) ABTSWS  ICso ABTS BS
ICso DPPH WS 0.990%* —0.423ns  0.921%*
ICs, DPPH BS 0.26 ns —0.252 ns —0.144 ns
ICs) ABTS WS 0.097 ns 0.834%*
ICso ABTS BS —0.828%*%  (.843%*
ECso FRAP WS 0.945%* —0.720% —0.229 ns
ECso FRAP BS —0.976*%*  0.993%* 0.898%*

WS = white sesame seed, BS = black sesame seed, ns = not significant, * = significant at p < 0.05, ** = significant at p < 0.01.

usually occur together. The predominant mechanism is
influenced by the ionization potential (AIP), bond dissocia-
tion energy (BDE), redox potential, pH, and solvent.”’ The
predominant mechanism is HAT for compounds with
AIP <—36 kcal/mol, whereas the predominant mechanism
is SET for compounds with AIP >—45 kcal/mol.
Antioxidants scavenge DPPH free radicals through HAT
to form a stable DPPH product. DPPH free radical ab-
sorption was observed at 516 nm. The decrease in

absorbance of DPPH is related to the antioxidant potential
of a sample. The concentration of a sample or standard that
can inhibit 50% of DPPH radical activity is termed as the
ICso of DPPH scavenging activity.

A standard compound is important for determining the
validity of antioxidant assays. A method is considered valid
if the standard gives positive results. Antioxidant activities
can be expressed as the percentage of DPPH scavenging
activity and compared to the percentage of DPPH
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scavenging activity of standards, such as ascorbic acid,
butylated hydroxytoluene (BHT), butylated hydroxyanisole
(BHA), alpha (a)-tocopherol, and Trolox. Ascorbic acid did
not achieve 100% DPPH scavenging activity, which was
indicated by the residual yellow color in the solution even
after the antioxidant transferred hydrogen atom to
DPPH.>"*? The percentage of DPPH scavenging activity
does not indicate the actual antioxidant activity because
higher concentration of samples does not always show a
higher percentage of DPPH scavenging activity. A linear
result is observed only at certain concentrations. A
previous study23 reported that 8 mg/mL of methanol peel
extract of pineapple waste collected from Egypt had the
highest percentage of DPPH scavenging activity when
compared to 2, 4, 6, and 10 mg/mL of the extract. Similar
results were shown in another study, which revealed that
the percentage of DPPH scavenging activity of 25, 50, 100,
200, and 400 pg/mL of methanol peel extract of pineapple
collected from Nigeria ranged from 95.52 to 95.74%.%* The
percentage of DPPH scavenging activity of 100 pg/mL of
methanol peel extract of pineapple (95.74%) was higher
than that of 200 pg/mL (95.17%) and 400 pg/mL (94.96%)
methanol peel extract, respectively. These findings can be
observed in extracts or samples comprising more than one
compound. In an extract containing many compounds,
some of them may exhibit antioxidant activities, while
other compounds may demonstrate antagonistic effects on
the compounds exhibiting antioxidant potential. A
compound exhibits antagonistic effects on antioxidant
property when it reaches the minimum effective
concentration. Compounds exhibiting antagonistic effects
on the antioxidant compounds might reach their effective
minimum concentration in 200 pg/mL of methanol peel
extract, resulting in the decrease in percentage of DPPH
scavenging activity. These findings can provide the
explanation for the lower activity of high concentration
extracts than extracts with low concentration.

A previous study'” investigated the antioxidant capacities
of 35 sesame seed cultivars collected from Morocco and
revealed that the ethanolic seed extract of souk sebt ouled
slimane2 sesame cultivar showed the highest percentage of
DPPH scavenging activity (63.33%) than other cultivars.
Another study reported that 1 mg/mL of ethanolic extract
of WS seed exhibited a higher percentage of DPPH
scavenging activity (61.16%) than 1 mg/mL ethanolic
extract of BS seed (56.73%).25

Bopitiya and Madhujith14 revealed that the methanolic
extract of sesame oil had an ICsy DPPH of 26 pg/mL, which
was similar to the ICso DPPH of a-tocopherol (31 pg/mL).
Xu et al.’® showed that the ethanolic extract of brown
pigment of BS seed had the highest antioxidant activity
by DPPH assay, and it showed a lower ICsy DPPH
(13.3 pg/mL) than n-hexane extract (78.3 pg/mL) and
supercritical (SC)-CO, extract (114 pg/mL). The present
study demonstrated that the ICsy DPPH of all extracts
ranged from 8.88 to 44.21 pg/mL. A sample was categorized
as a very strong antioxidant if it had an ICsy lower than
50 pg/mL."

As ABTS is not soluble in polar solvents, ABTS dia-
mmonium salt, which is soluble in polar solvents, should be
used for determining antioxidant activity by ABTS assay.
ABTS method is the same as Trolox equivalency antioxidant

capacity (TEAC) method. In TEAC, the antioxidant ca-
pacity is expressed as Trolox equivalent. A sample with
higher Trolox equivalent value has higher antioxidant ca-
pacity. ABTS?’ assay was modified, and the antioxidant
activities presented as 1Csy of ABTS were compared to that
of ascorbic acid (standard). ABTS reagent reacts with
potassium persulfate to form ABTS free radical and gives a
blue color at 734 nm. The ability of an antioxidant to
scavenge ABTS free radicals is associated with the decrease
in absorbance of the free radical.

BS3 demonstrated the highest antioxidant activity in
ABTS assay (ICsp 24.91 pug/mL), while ascorbic acid (stan-
dard) exhibited an ICsy ABTS of 0.521 pg/mL. It can be
stated that the antioxidant activity of BS3 was around fifty-
fold higher than that of ascorbic acid. In a previous research,
it was reported that a methanol extract of sesame oil 2% (w/
v) showed 58% ABTS scavenging activity, while o-tocoph-
erol standard exhibited 46% activity. 14

Free radicals are produced in human body through re-
actions catalyzed by Fe (IIT). In FRAP method, antioxidants
reduce Fe (III) to Fe (II), which forms a complex with TPTZ
in acetate buffer (pH 3.6). The Fe (II)-TPTZ complex is blue
colored and gives characteristic absorption at 593 nm.
Antioxidant compounds can reduce Fe (III) to Fe (II) if their
reduction potential is lower than that of Fe (III)/Fe (II)
(0.77 V). The increase in absorbance of Fe (II)-TPTZ cor-
responds to the antioxidant capacity. The concentration of a
sample or standard that can exhibit 50% of FRAP capacity
is ECsg of FRAP capacity.

Sani et al.”® reported that 1 mL of n-hexane extracts of brown
sesame and WS seed oil collected from Nigeria exhibited 70.7 and
96.8% FRAP capacity, respectively. Another study reported
that 9 mg/mL of methanol extract of BS seed exhibited
98.55% FRAP capacity.zg Vishwanath et al.>’ reported that
25 mg/mL of ethanolic extract of WS seed exhibited higher
reducing power than ethanolic extract of BS seed. These results
were different from that observed in the present study, which
presented the antioxidant capacity as ECsy of FRAP. The
ECsyp FRAP of BS3, WS3, and ascorbic acid was 222.40,
872.57, and 12.01 pg/mL, respectively. It was previously
reported that the BS variety B2 had the highest total ORAC
value (132.33 pmol TE/g) among all sesame varieties.

Nigam et al.”’ reported that the TPC in methanol extract of
BS seed collected from Agra-India was 1.948 g GAE/100 g dry
weight. This result is in agreement with the results of the
present study, where the TPC in BS3 from East Java-
Indonesia was 1.57 g GAE/100 g extract and that in WS3
was 0.89 g/100 g extract. Bopitiya and Madhujith14 previously
reported that the TPC in methanol extract of sesame seed oil
was 2.6 g GAE/100 g extract. Other studies reported that the
TPC in ethanol extract of WS seed and BS seed was 0.288
and 0.138 g/100 g, respectively,23 while that in ethanol
extract from 35 sesame seed cultivars ranged from 0.375 to
0.392 g GAE/100 g extract.'” Zhou et al. demonstrated that
the TPC in BS seed (4.54—7.32 g GAE/kg) was higher than
that in WS seed varieties (3.56—4.04 g GAE/kg).” We
observed similar results in the present study, wherein the
TPC in BS1 was higher than that in WS1, BS2 was higher
than that in WS2, and BS3 was higher than that in WS3.

The TPC in BS2 (1.15 g GAE/100 g) was higher than that
in WS2 (0.48 g GAE/100 g). In ABTS assay, BS2 had similar
antioxidant activity (ICsy 141.19 pg/mL) to WS2 (ICsg
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136.08 pg/mL). This could be because most of the phenolic
compounds in WS2 had high antioxidant activity.

Sani et al.”® reported that the TFC in n-hexane extract of
WS seed oil from Nigeria (480 mg/g) was higher than that in
brown sesame seed (360 mg/g). The TFC in ethanol extract
of 35 sesame seed cultivars ranged from 0.13 to 0.15 g QE/
100 g extract.'> The above findings are in agreement with
the results of the present study in which the TFC in BS3 was
0.29 g QE/100 g extract. Vishwanath et al.? reported that
the TFC in ethanol extract of WS seed (0.12 mg CE/g
extract) was higher than that in BS seed extract (0.05 mg
CE/g extract). This result was contradictory to that reported
by Zhou et al. who reported that the TFC in BS varieties
showed no significant differences with WS varieties. 13

The TFC in BS3 (0.29 g QE/100 g extract) was lower than
that in WS3 (1.33 g QE/100 g extract); however, the anti-
oxidant activity of BS3 (ICsy 24.81 pg/mL) was higher than
that of WS3 (ICsg 43.18 pg/mL) in DPPH assay. A possible
reason might be that BS3 had the highest amount of flavo-
noid compounds with ortho di-OH in C3’—C4’, double bond
in C2—C3, —OH in C3, and oxo function in C4.%°

The increase in TFC and TPC may be related to the increase
in antioxidant activities, indicated by lower 1Csy DPPH, ICs
ABTS, and ECsy FRAP. Therefore, TPC and TFC were
significantly negatively correlated with 1Csy DPPH or ICs
ABTS or ECsy FRAP.’ Thaipong et al.? reported that
Pearson’s correlation coefficient was significantly negative
if —0.61 <r < —0.97 and significantly positive if 0.61 < r < 0.97.

Table 2 shows that the TPC in all BS extracts (n-hexane,
ethyl acetate, and ethanol) exhibited significant and negative
correlation with their ICs) ABTS and ECsy FRAP. From the
results of ABTS and FRAP assays, it can be suggested that
phenolic compounds in BS were the major contributors to
their antioxidant activities.

Inaprevious study, 12 the coefficient of correlation between
TPC, TFC, and percentage of DPPH scavenging activities
was analyzed in 35 sesame cultivar extracts. A significant
and positive correlation indicated a good correlation,
suggesting that TPC or TFC or both may have contributed
to the increase in percentage of DPPH scavenging activity.
Thus, TPC and TFC in all the 35 cultivars exhibited
significant and positive correlation with the percentage of
DPPH scavenging activities (R?> = 0.8832, R?> = 0.8504,
p < 0.01, respectively). Similar results were observed by
Bopitiya and Madhujith14 who reported that the quantity of
sesame oil extract exhibited a significantly positive
correlation with the percentage of DPPH and ABTS
scavenging activities (R2 =0.972, R>=0.892, respectively).

The limitations of the present study exposed that the
higher TPC and TFC in extracts of two varieties of sesame
seed did not always correlated with the higher antioxidant
activity by DPPH, ABTS and FRAP methods. Therefore it
need a future study to identify phenolic and flavonoid com-
pounds in sesame seeds extracts which have antioxidant ac-
tivity by DPPH, ABTS and FRAP methods.

Conclusion

The extracts of the two varieties of sesame seeds (black
and white) with different polarities can be categorized as very
strong antioxidants using the DPPH assay. Phenolic

compounds in BS seed extracts were found to be the major
contributors to the antioxidant activity by using ABTS and
FRAP methods. White and black sesame seeds have the
potential to be developed as sources of natural antioxidants.

Recommendation

Based on the results of the present study, the use of white
and black sesame (S. indicum L.) seeds as a diet supplement is
recommended.
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