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Abstract: The purpose of this study was to determine the antioxidant activity of the seed shells
and kernels of Jatropha curcas L. The extracts obtained from five solutions (0%–95% ethanol)
were tested and compared. Overall, the antioxidant capacity of seed shell extracts was
higher than that of seed kernel extracts. The seed shell extract obtained using 95% ethanol
exhibited the best antioxidant activity among the five solutions. The half-maximal inhibitory
concentration (IC50) of 1,1-diphenyl-2-picrylhydrazyl and free radical scavenging ability of
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) were 13.63 ± 0.15 and 6.75 ± 0.51 µg/mL,
respectively. The reduction ability and total phenol content were 95.14 ± 27.04 µg ascorbic acid
equivalents/mg of extract and 536.33 ± 8.62 µg gallic acid equivalents/mg of extract, respectively.
In in vitro cytotoxicity assays, solutions with less than 250 µg/mL of seed shell extract had no major
cytotoxicity. The seed shell of Jatropha curcas L. can be used as an antioxidant material and has
potential for biomedical applications.
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1. Introduction

Plant-derived bioactive compounds have received considerable attention because of their
therapeutic potential as anti-inflammatory, anticancer, and antioxidant substances [1]. Jatropha
curcas L. is a tropical and subtropical plant that has multiple uses and considerable economic
potential [2–4]. It belongs to the Euphorbiaceae family [5], whose aqueous and organic extracts have
been traditionally used as laxatives, scavengers, emetics, and therapeutics [6]. Although J. curcas is
toxic, some of its parts are suitable for therapeutic uses [7]. For example, its root and latex, which
contain phenolic and flavonoid compounds, exhibit notable antioxidant, antihypertensive, antiplatelet,
and anti-inflammatory activities [8]. The methanolic extract of leaves has anticrustacean and antiviral
activities [9]. The stem and root barks have antibacterial properties and can be a source of antibacterial
compounds [10]. The root contains curcusone A–E [11], which can be used for the treatment of many
diseases [12]. Curcusone A and B, which are found in the stem, have anticancer activity. Moreover,
curcusone B effectively suppresses metastatic processes [12]. The main source of toxicity in seeds is the
kernel [13]. However, no information exists regarding the toxicity of the seed shell.
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The seed extract of J. curcas exhibits significant antioxidant activity, and the hydroalcoholic extract
of J. curcas exhibits potent activity for protecting against oxidant and free radical injuries [14]. The kernel
of J. curcas has a high total phenolic content and exhibits strong antioxidant activity [15]. The extract of
J. curcas seed shells has a high phenolic content and exhibits relatively strong bioactivity. J. curcas seed
shells are a new natural antioxidant source and can be used in the industry [16]. The kernels of J. curcas
contain nitrogen, phosphorous, and potassium and can be used as fertilizers [16,17].

To the best of our knowledge, the antioxidant capacity of J. curcas seed shells and kernels has
rarely been studied. Water, methanol, and ethanol are suitable extraction solvents for polyphenolic
compounds to optimize the antioxidant capacity of J. curcas seed shell and kernel extracts [18]. Studies
have been conducted on different solvent extractions [16]; however, the differences in ethanol extraction
at a series of concentration have been less studied. Therefore, this study investigated the in vitro
antioxidant activity of the seed shell and kernel extracts of J. curcas by using five types of ethanol
solutions with different polarities.

2. Materials and Methods

2.1. Reagents

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) and 1,1-diphenyl-2-picrylhydrazyl
(DPPH) were purchased from Alfa Aesar (Tewksbury, MA, USA). Ascorbic acid and trichloroacetic
acid were obtained from Acros Organics (Fair Lawn, NJ, USA). Potassium persulfate and potassium
ferricyanide were obtained from Showa Chemical (Tokyo, Japan). Phosphate buffer and sodium
carbonate were purchased from Riedel-de Haën (Seelze, Germany). Folin–Ciocalteu phenol reagent and
dimethyl sulfoxide (DMSO) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Iron (III) chloride
hexahydrate was purchased from J.T. Baker (Phillipsburg, NJ, USA), and Dulbecco’s modified Eagle’s
medium (DMEM) was obtained from HyClone Lab (Logan, UT, USA). Dulbecco’s phosphate-buffered
saline (PBS) was provided by Medicago (Uppsala, Sweden), and MTT was procured from Gold Bio
(St Louis, MO, USA).

2.2. Preparation of Extracts

J. curcas seeds (Figure 1) were collected from the location with GPS coordinates (24.446718,
120.792095), Miaoli, Taiwan. The collection and further experiments were conducted from December
2018 to January 2019. The seeds were placed in an oven and dried at 50 ◦C. The shell and kernel
were then manually separated, further dried, and powdered using a pulverizer. Seed shell and kernel
extracts were prepared in three replications by dissolving seed shell and kernel powder in 0%, 25%,
50%, 75%, and 95% ethanol at a ratio of 1:10 g/mL at a constant temperature of 30 ◦C for 1 h as original
sample solutions. The solvent was removed using a vacuum rotary evaporator. The dried extracts
were examined for determination of extraction yield and extract concentration in original sample
solutions. All antioxidant experiments used the original sample solutions, but cytotoxicity test used
the redissolved extract solutions with 2.5% DMSO.
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2.3. 1,1-diphenyl-2-picrylhydrazyl Radical Scavenging Assay

According to the procedure developed in previous studies [19–23], a total of 2 mL of the tested
sample was mixed with 2 mL of 0.2 M DPPH solution and then left in the dark for 30 min. The absorbance
of the resulting mixture was measured at 517 nm. A lower absorbance value resulted in a stronger
ability of the sample to scavenge free radicals. Ascorbic acid was used as the standard, and a solution
with a corresponding ethanol concentration was used as the control.

DPPH radical scavenging acticity (%) =

(
1−

A517 of sample
A517 of blank

)
× 100% (1)

2.4. 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) Radical Scavenging Assay

By the previous procedure [19,22], an ABTS solution was prepared by reacting equal proportions
of 7 mM ABTS with 2.45 mM potassium persulfate at room temperature in the dark for 16 h.
The background absorbance was diluted to 0.7 ± 0.02 by using 95% ethanol. A total of 1.5 mL
of the tested sample was mixed with 1.5 mL of the diluted ABTS solution for 10 min in the dark.
The absorbance of the resulting mixture was then measured at 734 nm. A lower absorbance value
corresponded to a stronger ability to scavenge free radicals. Ascorbic acid was selected as the standard,
and a corresponding ethanol solution was used as the control.

ABTS radical scavenging acticity (%) =

(
1−

A734 of sample
A734 of blank

)
× 100% (2)

2.5. Reducing Power Assay

Based on the previous procedure [19,22], an aliquot of the sample (0.5 mL) was mixed with 1 mL
of phosphate buffer (0.2 M, pH 6.6) and 0.5 mL of 1% potassium ferricyanide at 45 ◦C. After 30 min
of reaction, the mixture was rapidly cooled. Subsequently, 0.8 mL of trichloroacetic acid (1%) and
1.5 mL of iron (III) chloride hexahydrate (1%) were added. The absorbance of the resulting mixture
was measured at 700 nm. A higher absorbance value corresponded to a stronger reducing power of
the sample. Ascorbic acid was used as the standard in the reducing power assay. The reducing power
of the tested sample is expressed in µg of ascorbic acid equivalents (AAEs)/mg of extract.

2.6. Determination of the Total Phenolic Content

A total of 0.4 mL of each extract was mixed with 2 mL of 10% Folin–Ciocalteu phenol reagent [20–24].
After 5 min, 1.6 mL of 7.5% sodium carbonate was added to the mixture. The mixture was then
incubated for 30 min. The absorbance of the resulting mixture was measured at 760 nm. Gallic acid,
which is a major component of hydrolyzable tannis, was used as the standard when determining the
total phenol content. The total phenolic content of the tested sample is expressed as micrograms of
gallic acid equivalents (GAEs) per milligram of extract.

2.7. In Vitro Cytotoxicity Test

The cytotoxicity of the extract was evaluated using a mouse fibroblast L929 cell line. The cell line
was obtained from the Bioresource Collection and Research Center (Hsinchu, Taiwan). The cells were
cultured in Dulbecco’s MEM with 10% horse serum at 37 ◦C in a humidified incubator with 5% CO2.
The seed shell extract samples were prepared by dissolving them in a 2.5% DMSO solution, adjusted to
the final concentrations, and then sterilized with a sterile filter.

The cells were seeded in a 96-multiwell plate at a cell density of 1.0 × 104 cells/well in 100 µL of
culture medium and maintained in a humidified incubator with 5% CO2 at 37 ◦C for 24 h. The culture
medium was then removed, and the cultured cells were treated with serial dilutions of the extract
(17–1000 µg/mL). After an incubation time of 24 h, the culture medium was removed and 100 µL of
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methylthiazol tetrazolium (MTT) solution (5 mg/mL in PBS) was added and incubated for 3 h. After
incubation, the MTT solution was removed and 100 µL of DMSO was added to each well and left
in the dark for 15 min. The absorbance was then measured at 570 nm to calculate the percentage of
surviving cells.

Cell vibility (%) =
ODSample −ODBlank

ODControl −ODBlank
× 100% (3)

2.8. Statistical Analysis

To ensure statistical representation, all of the experiments were collected at least in triplicate,
and means between the treatment levels were compared by using the SAS software (version 9.4, SAS
Institute, Cary, NC, USA). Statistical analyses based on the t-test and analysis of variance (ANOVA).
If the treatment was significant (p < 0.05) in ANOVA, the treatment mean compared with the Tukey test.

3. Results and Discussion

3.1. Extraction Yield

The extraction yield of J. curcas seed shells and kernels is dependent on the extraction solution
and seed material. Table 1 presents the extraction yields of the seed shells and kernel for different
ethanol solutions. The extraction yield of the shell was lower than that of the kernel. The extraction
yield of the shell ranged from 3.00 ± 0.45 to 14.81 ± 0.92, and the extraction yield of the kernel ranged
from 8.19 ± 1.26 to 24.23 ± 0.78. Similar results have been obtained for other plant species, such as
pecan [25] and hazelnut [26].

Table 1. Extraction yield (%) of seed shells and kernels with different ethanol solutions.

Part
Ethanol conc. (%)

0 25 50 75 95

Seed shell 12.58±0.25 b * 14.81±0.92 a 13.35±0.78 a 8.35±0.29 c 3.00±0.45 d

Seed kernel 24.23±0.78 a 23.27±0.57 a 20.45±0.26 b 17.60±0.82 c 8.19±1.26 d

p value ** <0.0001 <0.0001 0.0001 <0.0001 <0.0001

* Mean within a row followed by the same lower case letter are not significantly different at 5% level by Tukey test.
** The p value in comparing yield between seed shells and seed kernels using t-test.

Moreover, a higher extraction yield was achieved with a lower ethanol concentration as shown in
Table 1, which is in agreement with the finding that the extraction efficiency is low and unfavorable in
a mixture with no aqueous content [27]. However, in this study, no obvious difference was observed in
the extraction yield among the solutions with 0%–25% ethanol in seed kernels and with 25%–50% in
seed shells. Furthermore, the use of different solvents in the extraction resulted in different antioxidant
activities among the extracts [28].

3.2. DPPH Radical Scavenging Assay

Oxidative stress due to the accumulation of free radicals may cause heart disease, cancer, diabetes,
ischemia, and aging. The negative effect of free radicals on the body can be resisted by antioxidants [29].
Figure 2 displays the DPPH radical scavenging activity of seed shell and kernel extracts obtained from
different extraction solutions in this study. The result indicates that the DPPH radical scavenging activity
increased with the concentration of the extracts, irrespective of the extraction solution used. The seed
shells extracted from concentrated ethanol solutions had high DPPH radical scavenging activity.
The half-maximal inhibitory concentration (IC50) values in the DPPH radical scavenging assay of the
shell were 721.84 ± 8.04, 101.66 ± 8.92, 40.82 ± 1.65, 28.09 ± 3.41, and 13.63 ± 0.15 µg/mL for solutions
obtained using 0%, 25%, 50%, 75%, and 95% ethanol, respectively (Figure 2a). The corresponding
IC50 values for the kernel were 1195.60 ± 87.56, 1409.19 ± 65.83, 1239.22 ± 44.79, 1698.33 ± 54.28, and
1729.31 ± 118.46 µg/mL, respectively (Figure 2b). The IC50 of ascorbic acid in a water solution was



Appl. Sci. 2020, 10, 3279 5 of 10

8.35 ± 1.12 µg/mL. Therefore, the shell extract obtained using 95% ethanol had the best DPPH free
radical scavenging activity, similar to that of ascorbic acid. This result is in agreement with a previous
report [16]. However, the kernel extracts had poor DPPH free radical scavenging activity, considerably
lower than that of ascorbic acid. According to the previous study [30], an extract of defatted J. curcas
seeds also exhibited DPPH radical scavenging activity.
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3.3. ABTS Radical Scavenging Assay

Figure 3 displays the ABTS radical scavenging results for the seed shell and kernel extracts obtained
from different ethanol solutions. Similar to the trend displayed in Figure 2, a trend of increasing ABTS
radical scavenging activity with increasing extract concentration was observed, regardless of the type
of extraction solution used. The seed shell extracts obtained from concentrated ethanol solutions had
high ABTS radical scavenging activity. The shell extract obtained using 95% ethanol had the best IC50

value in the ABTS free radical scavenging assay. The result that an increase of ethanol concentration
had in a higher ABTS radical scavenging activity agrees with the report about Salvia jurisicii [31] and
Withania somnifera [32]. The IC50 values in the ABTS assay were 161.00 ± 5.40, 50.19 ± 2.96, 21.47 ± 0.91,
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12.17 ± 0.67, and 6.75 ± 0.51 µg/mL for shell extracts obtained using 0%, 25%, 50%, 75%, and 95%
ethanol solutions, respectively (Figure 3a). The corresponding IC50 values for the extracted kernels
were 62.61 ± 2.71, 134.80 ± 9.04, 142.11 ± 16.83, 211.72 ± 23.64, and 329.71 ± 48.14 µg/mL, respectively
(Figure 3b). Therefore, the shell extracts had in a higher ABTS radical scavenging activity than kernel
extracts, corresponding to the report about Corylus jacquemontii [33]. The IC50 of ascorbic acid in water
solution was 4.08 ± 0.25 µg/mL. The results of the ABTS and DPPH free radical scavenging assays
indicated that the extracted J. curcas shells had strong free radical scavenging activity and could be
used as effective free radical scavengers.
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3.4. Reducing Power Assay

The reducing power of a compound generally depends on the presence of molecules with
antioxidative potential resulting from donating a hydrogen atom to break the free radical chain [34].
The results of a reducing power assay (Figure 4) indicated that the shell extract obtained using 95%
ethanol had the highest reducing capacity. In agreement with the results of a previous study about
Corylus avellana L. [26], the antioxidant activity decreased with the water content in the extraction
solution; however, the extraction yield increased. As the water content in the extraction solution
decreased, the antioxidant capacity of the shell extract increased considerably from 18.81 ± 4.50
(0% ethanol) to 695.14 ± 27.04 (95% ethanol) µg AAEs/mg of extract. However, no difference
was observed in the reducing power of the kernel extracts obtained using ethanol solutions of
different concentrations.Appl. Sci. 2020, 10, x FOR PEER REVIEW 7 of 10 
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3.5. Determination of the Total Phenolic Content

The seed shells of J. curcas are thin and hard and have a relatively high phenolic content, which
may be related to the function of seed protection [16]. Figure 5 indicates that the total phenolic content
of the shell extract increased with the ethanol concentration, which is similar to the result in Figure 4.
The phenomenon that an increase of ethanol concentration resulted in a higher extraction of phenolics
agree with reports about black currant [35] and Limnophila aromatic [28] The shell extract obtained using
95% ethanol had the highest total phenolic content of 536.33 ± 8.62 µg GAEs/mg of extract. Moreover,
a few major differences were observed in the total phenolic content of the kernel extracts.
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3.6. In Vitro Cytotoxicity Test

The MTT assay can indicate whether a product can be used in biomedical supplies [36]. The J. curcas
seed shell extract obtained using 95% ethanol was subjected to an in vitro cytotoxicity test with an MTT
assay to calculate the 24-h L929 cell survival percentages in serially diluted extracts and an extract-free
sample (Figure 6). The results indicated no major cytotoxicity, with a cell viability of ≥80% [37]
when the concentration of DMSO was less than 2.5%, which is in agreement with no morphological
alterations or lysis [38]. Therefore, the seed shell extract was dissolved in a 2.5% DMSO solution for
the cytotoxicity test in this study.
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Figure 6. L929 cell viability after 24-h treatment with shell extracts of different concentrations. Mean
followed by the same letter(s) are not significantly different at the 5% level by Tukey test.

The results revealed that no major cytotoxicity was observed when the seed shell extract had a
concentration of less than 250 µg/mL. Seed shell extracts with concentrations of less than 250 µg/mL
did not alter the viability of fibroblasts. However, at concentrations greater than 500 µg/mL, the extract
became potentially toxic and the cell viability decreased.

4. Conclusions

The extraction yield and antioxidant capacity of extracts depend on the plant part from which the
extract is derived and the polarity of the extraction solution. In the case of J. curcas seeds, the extract
yield of the seed shell was lower than that of the seed kernel. However, the seed shell extract had
higher antioxidant capacity, including DPPH and ABTS radical scavenging activities, reducing power,
and total phenolic content, than the seed kernel extract. The DPPH and ABTS radical scavenging
activities of the seed shell extract obtained using 95% ethanol solution were close to those of ascorbic
acid. The in vitro toxicity was conducted to determine the concentration of the seed shell extract that
should be used. Further research and development of J. curcas seeds can considerably benefit domains
such as health care and cosmetics.
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