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ABSTRACT: Trapa japonica shell contains phenolic compounds such as tannins. Studies regarding the antioxidant and an-

ti-adipogenic effects of Trapa japonica shell cultivated in Korea are still unclear. Antioxidant and anti-adipogenic activities 

were measured by in vitro assays such as 2,2-diphenyl-1-picrylhydrazy (DPPH) radical scavenging activity, 2,2’-azino- 

bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical scavenging activity, ferric reducing ability of plasma assay, 

reducing power, superoxide dismutase-like activity, and iron chelating ability in 3T3-L1 cells. We also measured the total 

phenol and flavonoids contents (TPC and TFC, respectively) in Trapa japonica shell extract. Our results show that TPC and 

TFC of Trapa japonica shell extract were 157.7±0.70 mg gallic acid equivalents/g and 25.0±1.95 mg quercetin equivalents 

/g, respectively. Trapa japonica shell extract showed strong antioxidant activities in a dose-dependent manner in DPPH 

and ABTS radical scavenging activities and other methods. Especially, the whole antioxidant activity test of Trapa japonica 

shell extract exhibited higher levels than that of butylated hydroxytoluene as a positive control. Furthermore, Trapa japon-

ica shell extract inhibited lipid accumulation and reactive oxygen species production during the differentiation of 3T3-L1 

preadipocytes. Trapa japonica shell extract possessed a significant antioxidant and anti-adipogenic property, which suggests 

its potential as a natural functional food ingredient.
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INTRODUCTION

Trapa japonica, commonly known as water caltrop, is a di-

cotyledonous annual aquatic plant belonging to the fam-

ily of Trapaceae. It is a free floating plant grown in shal-

low wetlands, ponds or swampy lands in tropical and 

sub-tropical Asian countries (1). The grown Trapa japon-

ica has one pair of spines in the shoulder and one pair of 

short spines in the middle section (2). The outer shell of 

Trapa japonica is hard and difficult to peel off to obtain 

the white edible pulp inside (3). The pulp of Trapa japon-

ica is consumed primarily in a cooked form and is eaten 

raw at the young age. The pulp contains about 80% starch, 

5% protein, and significant amount of vitamins, and the 

shell contains phenolic compounds such as tannins (4,5). 

It has been reported that phenolic compounds usually 

accumulate in the outer parts of plants such as shells (6). 

Therefore, the information on the phenolic content of 

Trapa japonica shell can be taken as an important source.

Phenolics are compounds possessing one or more aro-

matic rings with one or more hydroxyl groups. They are 

the most important groups of secondary metabolites and 

bioactive compounds in plants and good sources of nat-

ural antioxidants in human diets. Phenolics are also nat-

ural products and antioxidant substances capable of scav-

enging reactive oxygen species (ROS) such as superox-

ide anion, hydrogen peroxide, hydroxyl radical, and per-

oxynitrite, reducing the incidence of cancer and protect-

ing biological systems against the detrimental effects of 

oxidative processes on macromolecules, such as enzymes, 

carbohydrates, proteins, lipids, and DNA (7,8). ROS cause 

more than one hundred disorders in humans including 

atherosclerosis, arthritis, and cancer (9). Recently, phe-

nolics have been considered powerful antioxidants in vitro 

(10,11). Moreover, ROS play a critical role in the differ-

entiation of preadipocytes by accelerating mitotic clonal 

expansion (12). During adipogenesis, ROS production 

markedly increased in parallel with fat accumulation. Re-

cent studies suggested that accumulated fat in adipocytes 

is associated with increased oxidative stress (13). The 

inverse relationship between fruit and vegetable intake 

and the risk of oxidative stress associated diseases such 
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as cardiovascular diseases, cancer, or osteoporosis has 

been partially ascribed to phenolics (14,15).

The objective of this study was to investigate the total 

phenolic and flavonoids contents (TPC and TFC, respec-

tively), 2,2-diphenyl-1-picrylhydrazy (DPPH) radical scav-

enging activity, 2,2’-azino-bis(3-ethylbenzothiazoline-6- 

sulphonic acid) (ABTS) radical scavenging activity, ferric 

reducing ability of plasma (FRAP) assay, reducing power 

assay, superoxide dismutase (SOD)-like activity, iron che-

lating ability, and major phenolic compounds of Trapa ja-

ponica shell cultivated in Korea. Moreover, we assessed 

lipid accumulation and ROS production during 3T3-L1 

adipogenesis.

MATERIALS AND METHODS

Chemicals

Folin-Ciocalteu reagent, gallic acid, quercetin, DPPH, 

ABTS, 2,4,6-tri(2-pyridyl)-S-triazine (TPTZ), ferrozine 

[3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-p,p’-disulfonic 

acid monosodium salt hydrate], trizma base, trichloro-

acetic acid, and ascorbic acid were purchased from Sig-

ma-Aldrich Co. (St. Louis, MO, USA). Dulbecco’s modi-

fied Eagle’s medium (DMEM), bovine calf serum (BCS), 

fetal bovine serum (FBS), penicillin-streptomycin (P/S), 

phosphate-buffered saline (PBS), and trypsin-ethylenedi-

aminetetraacetic acid (EDTA) were purchased from Gibco 

(Gaithersburg, MD, USA). Dexamethasone (DEX), 3-iso-

butyl-1-methylxanthine (IBMX), insulin, Oil red O, ni-

troblue tetrazolium (NBT), and N-acetyl cystein were al-

so purchased from Sigma-Aldrich Co.. All other chem-

icals were of reagent grade.

Preparation of 70% ethanol extract of Trapa japonica shell

Trapa japonica was bought from Biodepot in Korea and 

divided into pulp and shell. The Trapa japonica shell was 

extracted with 10 volumes (v/w) of 70% ethanol at 70oC 

for 24 h, and the extraction was repeated three times. 

The extracts were filtered through Whatman filter paper 

(No. 2), concentrated with a vacuum evaporator, and 

completely dried in a freeze drier (DC1316, Ilshin Lab. 

Co., Ltd., Gyeonggi, Korea).

Determination of TPC and TFC

TPC of extracts from Trapa japonica shell was determined 

by the modified method of Gutfinger (16). The sample 

solution (1 mL) was placed in a test tube with Folin- 

Ciocalteu reagent (1 mL) and sodium carbonate solution 

(1 mL). After incubation for 1 h at 25oC, the absorbance 

was measured at 750 nm, and TPC was calculated as gal-

lic acid equivalents (mg GAE/g). TFC of extracts from 

Trapa japonica shell was determined according to the 

method of Moreno et al. (17). The sample solution (0.5 

mL) was mixed with 0.1 mL aluminum nitrate (10%). 

After incubation, 4.3 mL ethanol (80%) and 0.1 mL of 

potassium acetate (1 M) were added. After incubation at 

room temperature for 40 min, the absorbance was meas-

ured at 415 nm, and TFC was calculated as quercetin 

equivalents (mg QE/g).

DPPH radical scavenging activity

The antioxidant activity of Trapa japonica shell extract 

was measured on the basis of the electron donating abil-

ity (EDA) of the stable DPPH as previously described, 

with slight modifications (18). One milliliter of ethanol-

ic DPPH solution (4×10−4 M) was added to the samples 

at various concentrations (10∼1,000 µg/mL). The sam-

ples were vortexed and incubated in the dark for 10 min 

at room temperature. DPPH radical scavenging activities 

were measured by a spectrophotometer at 490 nm and 

were expressed as a percentage using the following for-

mula:

DPPH radical scavenging activity (%)=1−
A

×100
B

where A is absorbance value of testing solution and B is 

absorbance value of control solution.

ABTS radical scavenging activity

ABTS radical scavenging activity was measured by the 

method of Re et al. (19). Before analysis, the stock solu-

tion was prepared by stirring ABTS (7 mM) and potassi-

um persulfate (2.45 mM) in water at room temperature 

for 16 h. The ABTS solution was diluted with ethanol to 

achieve an absorbance of 0.70±0.02 at 734 nm. Then, 1 

mL ABTS solution was added to 10 µL of different con-

centrations (10∼1,000 µg/mL) of Trapa japonica shell ex-

tract. The samples were vortexed and incubated in the 

dark for 6 min. ABTS radical scavenging activities were 

measured by a spectrophotometer at 734 nm, and the re-

sults were expressed as a percentage using the following 

formula:

ABTS radical scavenging activity (%)=1−
A

×100
B

where A is absorbance value of testing solution and B is 

absorbance value of control solution.

FRAP assay

The ferric reducing ability of Trapa japonica shell extract 

was measured by the method of Benzie and Strain, with 

modifications (20). The FRAP reagent was prepared from 

300 mM acetate buffer (pH 3.6), 10 mM TPTZ in dimethyl 

sulfoxide, and 20 mM iron chloride in proportions of 

10:1:1 (v/v), respectively. Different concentrations (10∼ 
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1,000 µg/mL) of sample solution (50 µL) was mixed with 

distilled water (150 µL) and FRAP reagent (1.5 mL) was 

added. The absorbance of the reaction mixture was then 

measured at 593 nm after 4 min.

Reducing power 

The reducing power of Trapa japonica shell extract was 

evaluated by the method of Jayaprakasha et al. (21). Dif-

ferent concentrations (10∼1,000 µg/mL) of Trapa japonica 

shell extract in distilled water (0.5 mL) were mixed with 

2.5 mL of sodium phosphate buffer (pH 6.6) and 2.5 mL 

of potassium ferricyanide (1%). The mixtures were incu-

bated at 50oC for 20 min. Then, 2.5 mL of trichloroacetic 

acid (10%) was added, and the mixture was centrifuged 

at 1,790 g for 10 min. Then, 2.5 mL of the supernatant 

was taken out and mixed with 2.5 mL of distilled water. 

After adding 0.5 mL of iron (III) chloride (0.1%), the ab-

sorbance was measured by a spectrophotometer at 750 

nm.

SOD-like activity

The SOD-like activity of Trapa japonica shell extract was 

evaluated using the method of Ling et al. (22). Different 

concentrations (100∼1,000 µg/mL) of Trapa japonica shell 

extract in distilled water (0.2 mL) were mixed with 2.6 

mL of Tris-HCl buffer (50 mM Tris+10 mM EDTA, pH 

8.5) and 0.2 mL of pyrogallol (7.2 mM). After incuba-

tion at room temperature for 10 min, 0.1 mL of 1 N HCl 

was added. SOD-like activities were measured by a spec-

trophotometer at 420 nm, and the results were ex-

pressed as a percentage using the following formula:

SOD-like activity (%)=1−
A

×100
B

where A is absorbance value of testing solution and B is 

absorbance value of control solution.

Iron chelating ability

The iron chelating ability of Trapa japonica shell extract 

was measured using the method of Brand-Williams et al. 

(23). Different concentrations (0.5∼10 mg/mL) of Trapa 

japonica shell extract in distilled water (0.5 mL) were 

placed in test tubes with 0.1 mL of iron (II) chloride (0.6 

mM) and 0.9 mL methanol. After incubation at room 

temperature for 5 min, 0.1 mL of ferrozine (5 mM in 

methanol) was added. The mixtures were vortexed and 

incubated for 10 min at room temperature. Iron chelat-

ing abilities were measured by a spectrophotometer at 

550 nm, and the results were expressed as a percentage 

using the following formula:

Iron chelating ability (%)=1−
A

×100
B

where A is absorbance value of testing solution and B is 

absorbance value of control solution.

Cell culture 

3T3-L1 preadipocytes (CL-173) obtained from the Ame-

rican Type Culture Collection [American Type Culture 

Collection (ATCC), Manassas, VA, USA], were cultured, 

maintained, and differentiated as described by Lee et al. 

(24). In brief, cells were plated and grown in DMEM 

with 3.7 g/L sodium bicarbonate, 1% P/S and 10% BCS. 

Adipocyte differentiation was induced via 2 days of treat-

ment with post-confluent cells with 10% FBS and a hor-

monal mixture consisting of 0.5 mM IBMX, 1.0 µM DEX, 

and 1.67 µM insulin (MDI). Two days after the initiation 

of differentiation, the culture medium was replaced with 

DMEM supplemented only with 1.67 µM insulin and 10% 

FBS. This medium was then replenished every other day. 

For the treatments, 2 day post-confluent cells were dif-

ferentiated with or without Trapa japonica shell extract. 

Determination of lipid accumulation and ROS production

The extent of differentiation reflected by the amount of 

lipid accumulation was determined on day 8 via Oil red 

O staining. In brief, the cells were fixed in 10% formal-

dehyde in PBS for 1 h, washed with distilled water, and 

dried completely. Cells were stained with 0.5% Oil red 

O solution in 60:40 (v/v) isopropanol : H2O for 30 min at 

room temperature and washed four times in water, then 

dried. Differentiation was also monitored under a micro-

scope and quantified via elution with isopropanol and op-

tical density (OD) measurements at 490 nm (25). ROS 

production was detected via a NBT assay. NBT is reduced 

by ROS to a dark-blue, an insoluble form of NBT called 

formazan (13). On day 8 after induction, the cells were 

incubated for 90 min in PBS containing 0.2% NBT. For-

mazan was dissolved in 50% acetic acid, and the absorb-

ance was determined at 570 nm.

Analysis of phenolic compounds using high-performance 

liquid chromatography (HPLC)-photodiode array

HPLC analysis of Trapa japonica shell extract was deter-

mined by the method of Dyrby et al. (26) with slight 

modifications. Ten mg of extracts were dissolved in 1 

mL of water : MeOH (50:50, v/v, %) and filtered with a 

Millipore membrane filter (0.45 µm) prior to HPLC anal-

ysis. The HPLC equipment was a Waters 2690 (Waters, 

Milford, MA, USA) with a photodiode array detector at 

280 nm. HPLC analysis was carried out using a C18 col-

umn (4.6×250 mm, 5 µm, Shiseido, Tokyo, Japan). The 

mobile phase consisted of water : acetic acid (97:3, v/v, %) 

(A) and water : acetonitrile : acetic acid (70:27:3, v/v/v, 

%) (B). The flow rate was 1.0 mL/min with the following 

isocratic method. The standards used were gallic acid, 

catechin, chlorogenic acid, caffeic acid, p-coumaric acid, 
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Fig. 2. 2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 
(ABTS) radical scavenging activity of Trapa japonica shell extract.
Values are mean±standard deviation (n=3). Means not sharing 
a common letter (a-h) are significantly different (P<0.05) by 
Duncan’s multiple range test.

Fig. 1. 2,2-Diphenyl-1-pic-rylhydrazy (DPPH) radical scavenging 
activity of Trapa japonica shell extract. Values are mean±stand-
ard deviation (n=3). Means not sharing a common letter (a-h) 
are significantly different (P<0.05) by Duncan’s multiple range 
test.

Table 1. Extraction yield, total phenol content (TPC), and total 
flavonoids content (TFC) of Trapa japonica shell extract culti-
vated in Korea

Items Trapa japonica shell extract

Extraction yield (%) 15.80

TPC (mg GAE/g) 157.7±0.70

TFC (mg QE/g) 25.0±1.95

The values are mean±standard deviation from three replica-
tions.
GAE, gallic acid equilibrium; QE, quercetin equilibrium.

and ferulic acid.

Statistical analysis

The results are expressed as the mean±standard devia-

tion of triplicate experiments.

Statistical analysis was performed using SAS version 

9.4 (SAS Institute Inc., Cary, NC, USA). An analysis of 

variance (ANOVA) and Duncan’s multiple range tests 

were used to determine the significance of difference, 

and P<0.05 was considered statistically significant.

RESULTS

TPC and TFC of Trapa japonica shell

The extraction yield of Trapa japonica shell was 15.80%. 

In addition, the TPC of Trapa japonica shell, determined 

using a regression equation of the calibration curve (y= 

13.33+0.0004, R2=0.9985) and expressed as gallic acid 

equivalents, was found to be 157.7±0.70 mg GAE/g (Ta-

ble 1). TFC of Trapa japonica shell extract, determined us-

ing a regression equation of the calibration curve (y= 

2.5303+0.037, R2=0.9995) and expressed as quercetin 

equivalents, was found to be 25.0±1.95 mg QE/g (Table 

1). 

DPPH radical scavenging activity

The DPPH radical scavenging activities of Trapa japonica 

shell extract, ascorbic acid and butylated hydroxytoluene 

(BHT) were evaluated in the following order: Trapa ja-

ponica shell extract> ascorbic acid> BHT in the presence 

of the same concentration of test samples (10 and 50 µg/ 

mL) (Fig. 1). The results of Trapa japonica shell at differ-

ent concentrations (100, 500, and 1,000 µg/mL) were not 

significantly different compared with ascorbic acid. The 

DPPH radical scavenging percentages of various concen-

trations (10, 50, and 100 µg/mL) of Trapa japonica shell 

extract were 31.7, 80.9, and 92.4%, respectively. 

ABTS radical scavenging activity

The ABTS radical scavenging activity of Trapa japonica 

shell, BHT and ascorbic acid showed the following order: 

Trapa japonica shell extract> ascorbic acid> BHT in the 

presence of the test samples at all concentrations (Fig. 

2). The ABTS radical scavenging percentages of various 

concentrations (10∼1,000 µg/mL) of Trapa japonica shell 

extract were 9.0, 23.5, 41.1, 94.4, and 94.6%, respective-

ly. In contrast, the ABTS radical scavenging percentages 

at concentrations of ascorbic acid were 6.7, 19.2, 32.9, 

94.4, and 94.4%, respectively. These results show that 

Trapa japonica shell extract had the highest ABTS radical 

scavenging activity than the other positive controls. 

FRAP of Trapa japonica shell extract

The results for ferric ion reducing activities of Trapa ja-

ponica shell extract, BHT and ascorbic acid are shown in 

Fig. 3. For Trapa japonica shell extract, the absorbance was 

increased due to the formation of the Fe2+-TPTZ com-

plex with increasing concentrations (Fig. 3). Trapa japon-

ica shell extract at a concentration of 1,000 µg/mL had 

similar FRAP as 500 µg/mL of ascorbic acid and higher 

than that of BHT. 
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Fig. 6. Iron chelating ability of Trapa japonica shell extract. 
Values are mean±standard deviation (n=3). Means not sharing 
a common letter (a-e) are significantly different (P<0.05) by 
Duncan’s multiple range test.

Fig. 4. Antioxidative activity of Trapa japonica shell extract using 
reducing power assay. Values are mean±standard deviation 
(n=3). Means not sharing a common letter (a-k) are significantly 
different (P<0.05) by Duncan’s multiple range test.

Fig. 5. Superoxide dismutase (SOD)-like activity of Trapa japon-

ica shell extract. Values are mean±standard deviation (n=3). 
Means not sharing a common letter (a-e) are significantly dif-
ferent (P<0.05) by Duncan’s multiple range test.

Fig. 3. Antioxidative activity of Trapa japonica shell extract using 
ferric reducing ability of plasma (FRAP) assay. Values are 
mean±standard deviation (n=3). Means not sharing a common 
letter (a-h) are significantly different (P<0.05) by Duncan’s mul-
tiple range test.

Reducing power of Trapa japonica shell extract

The Trapa japonica shell extract at various concentrations 

(10∼1,000 µg/mL) had the highest reducing power 

(about 0.71 at 750 nm). These results suggest that Trapa 

japonica shell had a better electron donation capacity 

than the positive controls, vitamin C and BHT (Fig. 4).

SOD-like activities of Trapa japonica shell extract

The SOD-like activities of Trapa japonica shell extract is 

in the following order: ascorbic acid> Trapa japonica 

shell extract in the presence of test samples at concen-

trations of 100∼1,000 µg/mL (Fig. 5). The SOD-like ac-

tivities of various concentrations (100∼1,000 µg/mL) of 

Trapa japonica shell extract were 8.5, 14.1, and 23.1%, 

and ascorbic acid were 14.8, 37.2, and 55.1%, respective-

ly. The SOD-like activity of Trapa japonica shell extract at 

a concentration of 500 µg/mL was lower than that of 

100 µg/mL of vitamin C, but these results were not sig-

nificantly different.

Iron chelating ability of Trapa japonica shell extract

The chelating effect of various concentrations (0.5∼10 

mg/mL) of Trapa japonica shell extract on Fe2+ and ferro-

zine complex formation is shown in Fig. 6. Trapa japonica 

shell extract showed a concentration-dependent activity 

and chelating ability of 18.0, 26.9, 57.8, and 65.2%, re-

spectively, which is lower than that of the positive con-

trol as EDTA. The antioxidant activities may depend on 

the amount of TPC and TFC.

Effects of Trapa japonica shell extract on lipid accumula-

tion and ROS production

We evaluated the effect of Trapa japonica shell extract on 

lipid accumulation and ROS production in adipocytes dif-

ferentiated with MDI. Trapa japonica shell extracts signif-

icantly inhibited lipid accumulation during the differen-

tiation of 3T3-L1 preadipocytes. The production of dark- 

blue formazan, which represents ROS production, was 

decreased in adipocytes treated with Trapa japonica shell 

extract when compared with the control (Fig. 7). 
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Fig. 7. Effect of Trapa japonica shell extract on (A, B) lipid accumulation and (C, D) reactive oxygen species (ROS) production during
adipogenesis in 3T3-L1 cells. Stained Oil red O (lipid accumulation) was dissolved and determined by absorbance at 490 nm. Dark-
blue formazan (ROS production) was dissolved and the absorbance was determined at 570 nm. Values are mean±standard deviation
(n=3). Means not sharing a common letter (a-c) are significantly different (P<0.05) by Duncan’s multiple range test.

Fig. 8. HPLC chromatograms (A) major phenolic compound in Trapa japonica shell extracts and (B) standard phenolic compounds.

Table 2. Phenolic composition of Trapa japonica shell extract 
(unit: mg/g)

Trapa japonica shell extract

Gallic acid 27.49

Catechin N.D.

Chlorogenic acid N.D.

Caffeic acid N.D.

p-Coumaric acid N.D.

Ferulic acid N.D.

The values are mean±standard deviation from three replica-
tions.
N.D., not detected.

Phenolic compounds in Trapa japonica shell extract

Phenolic acids in Trapa japonica shell extract were meas-

ured by HPLC (Fig. 8). Table 2 shows the results of the 

contents of phenolic acids from Trapa japonica shell 

extract. Only gallic acid was found in Trapa japonica shell 

extract, and the content of gallic acid was 27.49 mg/g. 

These results show that gallic acid is included in a varie-

ty of phenolic acids in Trapa japonica shell. 

Correlation between antioxidant characteristics

TPC and TFC have been reported to be responsible for 

the antioxidant activities of plant extracts. DPPH, ABTS, 

FRAP, reducing power, SOD, and iron chelating activ-

ities have been used to measure antioxidant activities, 

and the results should correlate with those of TPC and 

TFC. Trapa japonica shell extract showed a high correla-

tion with total phenol and total flavonoids. In addition, 

the TPC and TFC in Trapa japonica shell extract had a high 

correlation with other antioxidants assays (Table 3). 
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Table 3. Correlation coefficient between different antioxidant capacity parameters and TPC and TFC of Trapa japonica shell extract

TPC TFC DPPH ABTS FRAP RPA SOD ICA

TPC − 0.9994 0.8243 0.9999 0.9988 0.9927 0.998 0.9517

TFC − − 0.8429 0.9999 0.9999 0.9963 0.9951 0.9404

DPPH − − − 0.8475 0.8501 0.8843 0.7888 0.6298

ABTS − − − − 0.999 0.9971 0.9942 0.9374

FRAP − − − − − 0.9975 0.9936 0.9356

RPA − − − − − − 0.9831 0.9087

SOD − − − − − − − 0.9692

ICA − − − − − − − −

TPC, total phenolic content; TFC, total flavonoids content; DPPH, 2,2-diphenyl-1-picrylhydrazy radical scavenging activity; ABTS, 
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) radical scavenging activity; FRAP, ferric reducing ability of plasma assay; 
RPA, reducing power activity; SOD, superoxide dismutase-like activity; ICA, iron chelating ability.

DISCUSSION

In the present study, we have demonstrated the anti-

oxidant and anti-adipogenic activities of Trapa japonica 

shell extract cultivated in Korea. We also investigated the 

phenolic acid, TPC and TFC of Trapa japonica shell ex-

tract. Phenolics have an ordinary structure composed of an 

aromatic hydroxyl nucleus and there are approximately 

8,000 known in nature (27). Phenolic compounds are 

secondary plant metabolites extensively spread through-

out the plant kingdom (28,29). Our results show that the 

phenolic acids, TPC and TFC in Trapa japonica shell ex-

tract were 25.49 mg/g as a gallic acid, 157.7±0.70 mg 

GAE/g and 25.0±1.95 mg QE/g, respectively (Table 1 

and 2). 

Phenolic compounds and flavonoids are secondary me-

tabolites of plants with poly-hydroxyl group, which pos-

sess antioxidant activity (30-32). Phenolic compounds 

can reduce stable radicals such as DPPH. The DPPH as-

say is based on the reduction of DPPH in alcoholic solu-

tion in the presence of a hydrogen-donating antioxidant. 

The DPPH assay is an easy way to evaluate antioxidant 

activity (33). It is a fast screening for radical scavenging 

activity of diverse natural substances (34). In addition, 

ABTS is a widely used radical scavenging method (23). 

The ABTS radical scavenging activity method is based on 

the ABTS radical cation decolorization assay, which 

shows similar results to the DPPH reaction. Here we 

showed that the antioxidant activity Trapa japonica shell 

extract possessed effective radical scavenging ability. At 

concentrations of 10∼100 µg/mL, Trapa japonica shell 

extract was significantly higher in ABTS radical scaveng-

ing activity than BHT and vitamin C.

We also showed that Trapa japonica shell extract had 

strong antioxidant activities in a dose-dependent man-

ner in the FRAP assay, reducing power, SOD-like activ-

ity, and iron chelating ability. The FRAP assay is based 

on the ability of the antioxidant to reduce Fe3+ to Fe2+ 

in the presence of TPTZ, forming an intense blue Fe2+- 

TPTZ complex with an absorbance maximum at 595 nm, 

which is pH-dependent. The absorbance decrease is pro-

portional to the antioxidant activity (20). The reducing 

power is also designed to measure general antioxidant 

activity or reduction potential as well as FRAP assay (35). 

In the reducing power assay, the presence of reductants 

(i.e., Trapa japonica shell extract), converted the Fe3+/fer-

ricyanide complex present in the assay system to the fer-

rous form. SOD is an enzyme that catalyzes the reaction 

(2O2

−+2H+
→H2O2+O2) to convert harmful reduced ox-

ygen species (superoxide anion radical) to hydrogen per-

oxide. The hydrogen peroxide produced by the SOD is fi-

nally decomposed into water and oxygen by catalase and 

peroxidase (8). Ferrozine can quantitatively form com-

plexes with Fe2+. However, in the presence of chelating 

agents, the complex formation is disrupted, and the red 

color of the complex is decreased. Measurement of color 

reduction, therefore, allows for the estimation of the che-

lating activity of the coexisting chelator. 

Our results also indicate that Trapa japonica shell ex-

tracts inhibited lipid accumulation and ROS production 

during the differentiation of 3T3-L1 preadipocytes. Trapa 

japonica shell extract-treated cells had no indication of 

cellular toxicity with regards to changes in cell morphol-

ogy or appearance under phase-contrast microscopy (da-

ta not shown). These results suggest that treatment of 

Trapa japonica shell extract reduced the ROS production 

during adipogenesis in parallel with fat accumulation. 

The antioxidant and anti-adipogenic activities of Trapa 

japonica shell corresponded to the TFC and TPC, mainly 

as gallic acid, indicating that the inhibition of radical 

scavenging activity is due to these active phenolic com-

pounds present in Trapa japonica shell extract (Table 2). 

The radical scavenging effect of Trapa japonica shell ex-

tract and vitamin C, in high concentrations, was not sta-

tistically different, but at low concentrations, Trapa ja-

ponica shell extract had a better radical scavenging effect 

than the positive control, vitamin C. Therefore, Trapa ja-

ponica shell extract is a good source of natural antioxi-

dants and may have a protective effect against oxidative 

stress related chronic diseases.



334  Lee et al.

ACKNOWLEDGEMENTS

This research was supported by the Basic Science Re-

search Program through the National Research Founda-

tion of Korea (NRF) funded by the Ministry of Educa-

tion (NRF-2017R1D1A1B03033271).

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

REFERENCES

1. Singh GD, Riar CS, Saini C, Bawa AS, Sogi DS, Saxena DC. 
2011. Indian water chestnut flour- method optimization for 
preparation, its physicochemical, morphological, pasting 
properties and its potential in cookies preparation. LWT-Food 
Sci Technol 44: 665-672. 

2. Ciou JY, Lin HH, Chiang PY, Wang CC, Charles AL. 2011. 
The role of polyphenol oxidase and peroxidase in the brown-
ing of water caltrop pericarp during heat treatment. Food 
Chem 127: 523-527.

3. Tulyathan V, Boondee K, Mahawanich T. 2005. Characteris-
tics of starch from water chestnut (Trapa bispinosa Roxb.). J 
Food Biochem 29: 337-348.

4. Kang MJ, Lee SK, Song JH, Kim ME, Kim MJ, Jang JS, Lee JH, 
Kim JI. 2009. Water chestnut (Trapa japonica Flerov.) exerts 
inhibitory effect on postprandial glycemic response in rats 
and free radical scavenging activity in vitro. Food Sci Biotechnol 
18: 808-812.

5. Genichro N, Youko M, Itsuo N. 1981. Tapain, a new hydroly-
sable tannin from Trapa japonica Flerov. Chem Pharm Bull 29: 
1184-1187.

6. Bravo L. 1998. Polyphenols: chemistry, dietary sources, me-
tabolism, and nutritional significance. Nutr Rev 56: 317-333.

7. Saxena M, Saxena J, Pradhan A. 2012. Flavonoids and phe-
nolic acids as antioxidants in plants and human health. Int J 
Pharm Sci Rev Res 16: 130-134. 

8. Dai J, Mumper RJ. 2010. Plant phenolics: extraction, analysis 
and their antioxidant and anticancer properties. Molecules 15: 
7313-7352.

9. Pourmorad F, Hosseinimehr SJ, Shahabimajd N. 2006. Anti-
oxidant activity, phenol and flavonoid contents of some se-
lected Iranian medicinal plants. Afr J Biotechnol 5: 1142-1145. 

10. Rice-Evans CA, Miller NJ, Bolwell PG, Bramley PM, Pridham 
JB. 1995. The relative antioxidant activities of plant-derived 
polyphenolic flavonoids. Free Radic Res 22: 375-383. 

11. Rice-Evans CA, Miller NJ, Paganga G. 1996. Structure-anti-
oxidant activity relationships of flavonoids and phenolic acids. 
Free Radic Biol Med 20: 933-956. 

12. Lee H, Lee YJ, Choi H, Ko EH, Kim JW. 2009. Reactive oxy-
gen species facilitate adipocyte differentiation by accelerating 
mitotic clonal expansion. J Biol Chem 284: 10601-10609.

13. Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, 
Nakajima Y, Nakayama O, Makishima M, Matsuda M, 
Shimomura I. 2004. Increased oxidative stress in obesity and 
its impact on metabolic syndrome. J Clin Invest 114: 1752- 
1761.

14. Hollman PCH, Katan MB. 1999. Dietary flavonoids: intake, 
health effects and bioavailability. Food Chem Toxicol 37: 937- 
942.

15. Scalbert A, Manach C, Morand C, Rémésy C, Jiménez L. 

2005. Dietary polyphenols and the prevention of diseases. 
Crit Rev Food Sci Nutr 45: 287-306.

16. Gutfinger T. 1981. Polyphenols in olive oils. J Am Oil Chem 
Soc 58: 966-968.

17. Moreno MIN, Isla MI, Sampietro AR, Vattuone MA. 2000. 
Comparison of the free radical-scavenging activity of prop-
olis from several regions of Argentina. J Ethnopharmacol 71: 
109-114.

18. Chu YH, Chang CL, Hsu HF. 2000. Flavonoid content of sev-
eral vegetables and their antioxidant activity. J Sci Food Agric 
80: 561-566.

19. Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice- 
Evans C. 1999. Antioxidant activity applying an improved 
ABTS radical cation decolorization assay. Free Radic Biol Med 
26: 1231-1237.

20. Benzie IFF, Strain JJ. 1996. The ferric reducing ability of plas-
ma (FRAP) as a measure of “antioxidant power”: the FRAP 
assay. Anal Biochem 239: 70-76. 

21. Jayaprakasha GK, Singh RP, Sakariah KK. 2001. Antioxidant 
activity of grape seed (Vitis vinifera) extracts on peroxidation 
models in vitro. Food Chem 73: 285-290. 

22. Ling J, Ha JH, Choi YY, Seo YC, Kim JS, Kim YO, Cha SW, 
Kim JC, Lee HY. 2011. Enhancement of cosmeceutical activ-
ities of Berberis koreana bark by high pressure and ultrasonifi-
cation extraction processes. Korean J Med Crop Sci 19: 54-65.

23. Brand-Williams W, Cuvelier ME, Berset C. 1995. Use of a 
free radical method to evaluate antioxidant activity. LWT- 
Food Sci Technol 28: 25-30. 

24. Lee HH, Kim KJ, Lee OH, Lee BY. 2010. Effect of pycnogenolⓇ 
on glucose transport in mature 3T3-L1 adipocytes. Phytother 
Res 24: 1242-1249.

25. Lee OH, Kwon YI, Apostolidis E, Shetty K, Kim YC. 2011. 
Rhodiola-induced inhibition of adipogenesis involves anti-
oxidant enzyme response associated with pentose phosphate 
pathway. Phytother Res 25: 106-115.

26. Dyrby M, Westergaard N, Stapelfeldt H. 2001. Light and heat 
sensitivity of red cabbage extract in soft drink model sys-
tems. Food Chem 72: 431-437. 

27. Karaman Ş, Tütem E, Başkan KS, Apak R. 2010. Comparison 
of total antioxidant capacity and phenolic composition of 
some apple juices with combined HPLC-CUPRAC assay. 
Food Chem 120: 1201-1209.

28. Andreasen MF, Christensen LP, Meyer AS, Hansen A. 2000. 
Content of phenolic acids and ferulic acid dehydrodimers in 
17 rye (Secale cereale L.) varieties. J Agric Food Chem 48: 2837- 
2842. 

29. Robbins RJ. 2003. Phenolic acids in foods: an overview of 
analytical methodology. J Agric Food Chem 51: 2866-2887.

30. Pietta PG. 2000. Flavonoids as antioxidants. J Nat Prod 63: 
1035-1042.

31. Lotito SB, Frei B. 2004. Relevance of apple polyphenols as 
antioxidants in human plasma: contrasting in vitro and in vivo 
effects. Free Radic Biol Med 36: 201-211. 

32. Manach C, Scalbert A, Morand C, Rémésy C, Jiménez L. 
2004. Polyphenols: food sources and bioavailability. Am J Clin 
Nutr 79: 727-747.

33. Oyaizu M. 1988. Antioxidative activities of browning prod-
ucts of glucosamine fractionated by organic solvent and thin- 
layer chromatography. J Jpn Soc Food Sci Technol 35: 771-775. 

34. Matthäus B. 2002. Antioxidant activity of extracts obtained 
from residues of different oilseeds. J Agric Food Chem 50: 
3444-3452. 

35. Gülçin I, Bursal E, Sehitoğlu MH, Bilsel M, Gören AC. 2010. 
Polyphenol contents and antioxidant activity of lyophilized 
aqueous extract of propolis from Erzurum, Turkey. Food Chem 
Toxicol 48: 2227-2238.


