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Abstract The antioxidant activities of sesame cake extracts prepared using ethanol and hot water were evaluated. Seventy
percent-ethanol extracts yielded the highest total phenolic (96.56 mg/g extract) and flavonoid (8.35 mg/g extract) contents.
In the B-carotene bleaching and ferric thiocyanate test, 30%-, 50%-, and 70%-ethanol extracts exhibited higher antioxidant
activity than that exhibited by 90%-ethanol extracts. However, 90%-ethanol extracts showed greater antioxidant activities
in phenyl-2-picryl-hydrazyl free radical scavenging test and thiobarbituric acid test using corn oil. The antioxidant activities
of sesame cake extracts did not correlate with the total phenolic and flavonoid contents; however, the results suggest that
oxidative stability may be improved by sesame cake extracts.
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Introduction

Sesame (Sesamum indicum L.), a well-known oilseed crop,
has for many centuries been used as a health food, because it
is thought to increases energy and prevents ageing (1). Sesame
oil shows remarkable stability despite being is highly unsaturated
(2), and this is due to the presence of four endogenous
antioxidants: sesamol, sesaminol, sesamin, and sesamoiln (2,3).
Recent studies have revealed that sesame may have antioxidant
activity and anticancer properties. For example, sesamin showed
that in vivo hypocholesterolemic activity as well as suppressive
activity against chemically induced cancer (4). Kang et al (5)
has been reported that sesamolin in rat liver is involved in the
inhibition of lipid peroxidation.

Sesame cake is a by-product of the sesame seed industry for
oil extraction. Dietary fiber and other beneficial ingredients are
found in sesame seed cake (6) and sesame cake contains significant
amounts of antioxidant phytochemicals, phenolic acids, and lignans
with antioxidant properties (7,8). However, this by-product is
generally discarded or used for animal feeding.

Synthetic antioxidants such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), and tert-butyl hydroquinone
(TBHQ) are widely used as food additives (9). These compounds
have many advantages such as high performance, low cost, and

wide availability (9,10). However, synthetic antioxidants may
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cause health problems, including cancer and carcinogenesis (11).
Consequently, there is a strong consumer demand for using
natural products that contains safer and more effective natural
antioxidants. Natural tannins,
phenolics, lignans, and terpenoids are found in various plants
(fruits, leaves, seeds, and oils) (12). Many studies conducted on

antioxidants such as flavonoids,

the effects of the lignan compounds of sesame extracts (sesamol,
sesamin, and sesamolin) on antioxidant activity (13,14). However,
few studies have been carried out on the phenolic compounds
extracted from sesame cake. Therefore, this study evaluated the
antioxidant potential of sesame cake extract for its use as a
replacement of synthetic antioxidants using ethanolic and hot
water extraction.

Materials and Methods

Materials

Sesame (Sesamum indicum L.) was harvested in Myanmar
and the sesame cake was provided by CJ Cheilledang (Seoul,
Korea). Sesame cakes were collected for extraction and dried in
an oven (OF12GW, Jeio-Tech Co., Seoul, Korea) at 60°C for
10 h until a moisture content of 4-5% (w/w) was obtained.

Preparation of sesame cake extract

Sesame cakes were extracted with various concentrations of
ethanol and hot water. Sesame cake (40 g) was mixed with 400
mL of ethanol (10, 30, 50, 70, and 90%, respectively) and
heated for 3h at 60°C in a water bath or placed in a 500 mL
flask containing 400 mL of distilled water and heated for 3h at
80°C in a water bath. After each extraction, the slurry was
filtered through filter paper (Whatman No. 2) and the solid
residue was extracted twice more under identical conditions. The
solvent was evaporated using a rotary evaporator (EYELA N-
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1000V, Tokyo, Japan). After evaporation, the extract was
transferred to a freeze-drying tube and lyophilized. The extracts
were weighed and stored at —20°C prior to analysis (15).

Determination of total phenolic and total flavonoid content

The total phenolic content was determined using Folin-
Ciocalteu reagent as described by Kevers et al (16). The
sesame cake extracts (0.1 mL) were mixed with 2mL of 2%
(w/w) sodium carbonate solution and 50% (v/v) Folin-Ciocalteu
reagent. After 30min at room temperature, absorbance was
measured at 750nm using a spectrophotometer (Optizen 2120
UV; Daejeon, Korea). A standard curve was prepared using
different concentrations of gallic acid (Sigma Chemical Co., St.
Louis, MO, USA) and the results were expressed as milligrams
of gallic acid equivalent (GAE) per gram of extract (dry
weight).

Total flavonoid content was determined by a colorimetric
method described previously by Quettier-Deleu et al. (17). The
extract solution (0.5mL) was mixed with 1.5mL of 95%
ethanol in a test tube followed by the addition of 10% AICI,
(0.1mL) and 1M potassium acetate (0.1 mL). After 3 min, 2.8
mL of distilled water was added. The mixture was mixed well
by vortexing. After 30 min at room temperature, absorbance was
measured at 415nm. Quercetin (Sigma) as a standard reagent
was used to construct the calibration curve and the results were
expressed as mg of quercetin equivalent (QE) per gram of
extract (dry weight).

DPPH free radical scavenging activity

Determination of the 1,1-diphenyl-2-picryl-hydrazyl (DPPH)
(Sigma) radical scavenging activity of sesame cake extracts was
based on the method of Singh ef al. (18) as described previously.
DPPH solution in ethanol (100 uM) was prepared and 1 mL of
this solution was added to 0.2mL of various concentrations of
sesame cake (0.5, 1, 2.5, and 5Smg/mL) and vortexed. Butylated
hydroxytoluene (BHT, 0.1 mg/mL) was used as a positive control.
After 20 min at room temperature, the absorbance was measured
at 517nm. The percentage inhibition was calculated as follows:
DPPH free radical scavenging activity (%)=[1—(As/Ac)]x100,
where, As and Ac was absorbance of the sesame cake extract
and dimethyl sulfoxide (DMSO) (control), respectively.

B-Carotene bleaching assay

The inhibition of bleaching of a B-carotene-linoleic acid emulsion
by the antioxidant activities of sesame cake extracts was determined
by a slight modification of a method by Kassim et al (19). B-
Carotene (2 mg), linoleic acid (40 mg), and Tween 40 (200 mg)
were dissolved in 10 mL of chloroform. The chloroform was
removed by evaporator at 40°C, followed by the addition of
distilled water (200mL) and then shaken. This emulsion (4.8 mL)
was mixed with each sesame cake extracts (2.5 mg/mL in DMSO)
and BHT (0.1 mg/mL) as a control in a 15mL conical tube.
The mixture was incubated at 50°C in a water bath. Absorbance
at 470nm was measured immediately at Oh and up to 8h
later. Antioxidant activity was calculated using the following

equation (20): Antioxidant activity (%)=[(B-carotene content after
8 h)/(initial B-carotene content)]x100.

Ferric thiocyanate (FTC) test

The antioxidant activity of the ethanol and hot water extracts
of sesame cake were assayed using a linoleic acid system. The
inhibition of oxidation was measured by the FTC method, described
in detail by Li er al. (21). A solution (50 uL) of each sesame
cake extract at 0.5 mg/mL was mixed with 0.2 mL linoleic acid
solution (25 mg/mL in ethanol), 0.4 mL phosphate buffer (40 mM,
pH 7.0), and 02mL distilled water in a 15mL tube with a
screw cap. There were then placed in darkness at 37°C to
accelerate oxidation. The above mixture (0.1 mL) was added to
4mL of 70% ethanol and 0.1 mL of 20mM ferrous chloride in
a 3.5% HCI solution. After 3min, 0.1 mL of 30% ammonium
thiocyanate was added to the mixture and then vortexed. The
absorbance of the mixture was recorded at 24, 72, 120h at
500 nm. Antioxidant activity was calculated using the following
equation: Antioxidant activity (%)=[1—(As/Ac)]x100, where, As
and Ac was absorbance of the sesame cake extract and DMSO
(control), respectively.

Thiobarbituric acid (TBA) test

Lipid oxidation in com oil was assessed using the 2-
thiobarbituric acid (TBA) method of Ahn et al. (22) with some
modifications. The corn oil (1.0g) was mixed with 100 mL of
Tris-malaeated buffer (pH 6.8) and 0.1 mL of Tween 20. The
mixture was homogenized for 3 min using a Brinkaman Polytron
(Ika ultra-turrax T25; Staufen, Germany). The com oil homogenate
(8mL) was mixed with 0.2% ascorbic acid, 200 ppm FeCl;, and
extract solution (0.5 mL), respectively. This mixture was incubated
at 37°C in a water bath for 72h. The reaction emulsion in the
water bath (1 mL) was mixed with a solution of TBA (Tokyo
Chemical Industry Co., Tokyo, Japan) and trichloroacetic acid
(TCA) solution 20mM TBA/15% TCA, 2mL) and 50 uL of
10% butylated hydroxyanisole in 90% ethanol. The mixture was
vortexed before being incubated in a water bath at 90°C for 15
min to develop a red color. After cooling, the mixtures were
centrifuged at 3,000xg for 15min at 4°C. The absorbance of
the resulting upper layer was read at 532nm. Antioxidant
activity was calculated using the following equation: Antioxidant
activity (%)=[1—-(As/Ac)]x100, where, As and Ac was absorbance
of the sesame cake extract and DMSO (control), respectively.

Results and Discussion

Total phenolic and total flavonoid content of sesame
cake extracts

The total phenolic and total flavonoid contents of the sesame
cake extracts produced by various concentrations of ethanol and
hot water extraction are summarized in Table 1. The total phenolic
content of 70% ethanol extracts (96.56 mg GAE/g extract) was
the highest, followed by 50% ethanol extracts (90.67 mg GAE/g
extract); however, the highest concentration of ethanol (90%)
had lower phenolic content than concentrations of ethanol at 30,
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Table 1. Total phenolic and flavonoid content of sesame cake
extracts

.. Total phenolic content Total flavonoid content
Extracts condition

(mg GAE/g extract) (mg QE/g extract)
Ethanol 10% 75.46+0.74° 5.88+0.84"
Ethanol 30% 84.211.62" 7.3540.83"
Ethanol 50% 90.67+2.95 7.50£0.21°
Ethanol 70% 96.56+2.06 8.35+0.36"
Ethanol 90% 76.81+1.62° 6.08+0.16°
Hot water 74.01£0.74° 6.07+0.26°

Values are mean+standard deviation (SD).
*dDifferent letters within a column are significantly different by two-
way analysis of variance (p<0.05).

Table 2. Antioxidant activities of sesame cake extracts”

DPPH free radical
scavenging activity

Inhibition of B-carotene

Extracts condition and linoleic acid

(%) oxidation (%)

BHT 78.50+0.07° 72.85+0.10¢
Ethanol 10% 46.77+£2.08" 33.01£1.70°
Ethanol 30% 55.04+2.81™ 41.82+2.57°
Ethanol 50% 53.52+1.06" 42.88+1.81°
Ethanol 70% 59.28+1.03¢ 43.89+2.29°
Ethanol 90% 64.93+£0.51¢ 28.73+2.18"
Hot water 46.88+2.16" 26.35+1.94°

"The concentration of extracts was adjusted at 2.5 mg/mL in DMSO.
Values are mean+standard deviation (SD).

*dDifferent letters within a column are significantly different by two-
way analysis of variance (p<0.05).

50, and 70%. The pattern of results for total flavonoid content
was similar to that for total phenolic content. Sesame cake
extract produced by 70% ethanol extraction had the highest
total flavonoid content (8.35mg QE/g extract) and
extraction at 90% had low values of total flavonoid content.

ethanol

The effects of hot water extraction were similar to that of
ethanol extraction at 90%.

110.0

Antioxidant activities of sesame cake extracts

Since antioxidant compounds have different modes of action,
various methods have been used to assess the antioxidant effects
of sesame cake extracts (23). The antioxidant activities of sesame
cake extracts were determined by DPPH free radical scavenging
activity and [-carotene bleaching activity (Table 2). Among the
extraction methods, ethanol extraction at 90% was the most efficient
in improving DPPH free radical scavenging activity (64.93%).
At the lower concentration (1 mg/mL in DMSO), there was no
significant difference between ethanol 70% and ethanol 90%
(data not shown). The lowest concentration of ethanol (10%)
had a similar level of activity as that of the hot water extract.

During evaluation (8h) of the inhibition rates of [B-carotene
consumption, the antioxidant activity of the sesame cake extracts
ranged from 2635 to 43.89% at 2.5mg/mL of sesame cake
extract. Antioxidant activities of ethanol extraction at 30 to 70%
were not significantly. The 70% ethanol extraction showed slightly
higher antioxidant activity than 30 and 50% ethanol extraction
in DPPH free radical scavenging activity. The 90% ethanol
extracts showed the lowest inhibition activity of oxidation in a
B-carotene emulsion, and showed similar activity to the hot
water extract. These results were consistent with the results for
total phenolic and total flavonoid content.

The FTC method was used to determine the in vitro inhibition
of linoleic acid peroxidation. During oxidation of linoleic acid,
peroxides are formed and ferrous (Fe*") ions are oxidized to
ferric  (Fe**

thiocyanate. As the absorbance increases, the formation of peroxides

ions. The ferric ions form red complexes with

increases and the oxidation of linoleic acid progresses (24). The
antioxidant effect of each sesame cake extract during 120h
incubation at 37°C is shown in Fig. 1.
extracts reduced the formation of peroxide during linoleic acid
oxidation in comparison with a negative control (DMSO). The
absorbance of DMSO (without extracts) treatment increased to
1.07 at 120h (data not shown), whereas most extracts showed

The sesame cake

a significantly lower absorbance than the negative control. The
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Fig. 1. Antioxidant activity of sesame cake extracts determined by the ferric thiocyanate method. The concentration of sesame cake

extracts was adjusted to 0.5 mg/mL. Each extracts are represented by 10% ethanol extracts ([J), 30% ethanol extracts (£), 50% ethanol extracts
(), 70% ethanol extracts (), 90% ethanol extracts (), and hot water extracts ([[). *“Different letters within a column are significantly

different by two-way analysis of variance (p<0.05).
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Fig. 2. Antioxidant activity of sesame cake extracts determined by the TBA method. The concentrations of sesame cake extracts were

adjusted to 2.5 mg/mL. Each extracts are represented by 10% ethanol extracts (L1), 30% ethanol extracts (), 50% ethanol extracts (M), 70%
ethanol extracts (£4), 90% ethanol extracts (), and hot water extracts ([lll). *'Different letters within a column are significantly different by

two-way analysis of variance (p<0.05).

antioxidant effect of ethanol extracts at 30, 50, and 70% was
88.80, 88.75, and 83.28%, respectively. Extraction at 90% had
slightly lower activity (80.43%) and both the 10% ethanol
extract and the hot water extract exhibited less than 80% activity.
Consequently, these results clearly indicate that the sesame cake
extracts produced by ethanol extraction at 30, 50, and 70%
exhibited more effective and powerful antioxidant activity than
at other concentrations.

The analysis of variance indicated that the TBA values were
significantly affected by the sesame cake extracts treatments
(Fig. 2). Higher absorbance values indicate increased formation
of malonaldehyde in oil emulsion. Among the extracts, 10%
ethanol extraction and hot
inhibition activity of lipid peroxidation than other extraction
methods. Ethanol extraction at 90% exhibited strong antioxidant
activity in TBA assays (72.95%). Inhibition activities (%) of
sesame cake extracts by ethanol extraction at 30, 50, and 70%
were 39.26, 53.56, and 41.61%, respectively. Ethanol extraction
at 90% showed higher activity using the TBA method than
ethanol extraction at 50 and 70%, in contrast to our results
from the P-carotene bleaching assay and FTC test. These results
may be due to the fact that different phenolic compounds have

water extraction showed lower

different responses in antioxidant activity assays. Kéahkonen et
(25) previously reported that the molecular
response of phenolic compounds depended on their chemical
structure. Therefore, the antioxidant activity of a natural plant
extract cannot be predicted on the basis of its total phenolic

al. antioxidant

content.

Conclusion

Fifty and seventy percent of ethanol extracts of sesame cake
extracts was the higher total phenolic, flavonoid content contents,
and antioxidant activity by P-carotene bleaching and a FTC test.
Antioxidant activity using DPPH free radical scavenging activity
and TBA test was higher at 90% ethanol extracts. Therefore,

the results of the present study suggest that antioxidant activity
of sesame cake extracts was different as ethanol extraction condition
and mode of antioxidant. Further studies are demanded to
demonstrate the same activities in vivo systems and purification

of extracts.
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