
June 2015⎪Vol. 25⎪No. 6

J. Microbiol. Biotechnol. (2015), 25(6), 795–802
http://dx.doi.org/10.4014/jmb.1409.09088 Research Article jmbReview

Radical Scavenging Activities of Tannin Extracted from Amaranth
(Amaranthus caudatus L.) 
Hyeon-Ju Jo1, Kang-Hyun Chung1, Jin A Yoon2, Kwon-Jai Lee3, Byeong Chun Song4, and Jeung Hee An4*

1Department of Food Science and Technology, Seoul National University of Science & Technology, Seoul 139-743, Republic of Korea
2Department of Food & Nutrition, Baewha Women’s University, Seoul 110-735, Republic of Korea
3Department of Advanced Materials Engineering, Daejeon University, Daejeon 300-716, Republic of Korea
4Division of Food Bioscience, Konkuk University, Chungju 380-701, Republic of Korea

Introduction

Tannins are a unique group of water-soluble phenolic

metabolites of relatively high molecular weight that have

the ability to form strong complexes with carbohydrates

and proteins [13]. Tannins are of great interest from the

perspective of nutrition and medicine because of their

potent antioxidant capacity and possible protective effects

on human health [17]. Numerous studies have demonstrated

potentially significant biological effects of tannins, including

antioxidant and radical scavenging activities as well as

inhibition of lipid peroxidation and lipoxygenases in vitro

[13]. Tannins have been shown to have antimicrobial and

antiviral [13], antimutagenic [6], anticarcinogenic [1], and

antidiabetic properties [13]. Moreover, the antioxidant

activity of tannins results from their free radical- and

reactive oxygen species-scavenging properties, as well as

from their ability to chelate transition metal ions that

initialize the oxidation process [13]. Interestingly, tannic

acid inhibited skin, lung, and forestomach tumors caused

by polycyclic aromatic hydrocarbon carcinogens and N-methyl-

N-nitrosourea in mice [8].

Amaranthus is a fast-growing crop cultivated mainly in

Latin America, Africa, and Asia [21]. Amaranth (Amaranthus

spp.) seeds contain high-quality protein with an amino

acid composition close to ideal protein; therefore, many

different protein concentrates of amaranth have been

developed [10]. Amaranth flour represents a suitable

foodstuff for patients on a gluten-free diet and amaranth

consumption has positive effects on plasma lipids [4].
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This study investigates the bioactivity of tannin from amaranth (Amaranthus caudatus L.)

extracts. The antioxidant activities of the extracts from amaranth leaves, flowers, and seeds

were evaluated. Tannin from leaves of amaranth has been evaluated for superoxide

scavenging activity by using DPPH and ABTS+ analysis, reducing power, protective effect

against H2O2-induced oxidative damage in L-132 and BNL-CL2 cells, and inhibition of

superoxide radical effects on HL-60 cells. At a concentration of 100 µg/ml, tannin showed

protective effects and restored cell survival to 69.2% and 41.8% for L-132 and BNL-CL2 cells,

respectively. Furthermore, at the same concentration, tannin inhibited 41% of the activity of

the superoxide radical on HL-60 cells and 43.4% of the increase in nitric oxide levels in RAW

264.7 cells. The expression levels of the antioxidant-associated protein SOD-1 were

significantly increased in a concentration-dependent manner in RAW 264.7 cells treated with

tannin from amaranth leaves. These results suggest that tannin from the leaves of Amaranthus

caudatus L. is a promising source of antioxidant component that can be used as a food

preservative or nutraceutical.

Keywords: Amaranth, antioxidant activity, tannin, superoxide scavenging activity, radical

scavenging activity



796 Jo et al.

J. Microbiol. Biotechnol.

Amaranth oil is useful as a natural antioxidant supplement

because of its high content of unsaturated fatty acids and

unique presence of squalene [15]. Amaranth is an important

source of natural food colorants, betacyanins, which may also

be useful natural antioxidants [15]. Amaranth pectin, a gel-

forming component that binds toxic and radioactive metals

and removes them from the human body, can be utilized in

food production [10]. However, the biological activity of

tannin from amaranth extract has not been reported.

The aim of this study was to investigate the antioxidant

and radical-scavenging properties of tannic acid extracted

from amaranth. The antioxidant potential of tannic acid was

assessed as the total antioxidant and scavenging activity of

free radicals such as 2,2-diphenyl-1-picrylhydrazyl (DPPH)

and 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)

(ABTS+), and by the reducing antioxidant power assay.

Tannin was also evaluated for its protective effects against

oxidative damage in L-132 and HL-60 cells and for its

ability to inhibit nitric oxide generation in RAW 264.7 cells.

Thus, newly discovered antioxidant properties of tannins are

demonstrated. 

Materials and Methods

Materials

We used red and green leaves, and red and purple flowers from

Amaranthus caudatus L. The leaves, flowers, and seeds of amaranth

were supplied by Q&A Korea Corporation of Pyeongcang, Korea.

Dried material (30 g) was extracted with methanol (300 ml) in a

shaking incubator (SI-600R; Lab Companion, Daejeon, Korea) for

24 h at 25°C. The water extracts were boiled for 15 min at 121°C

(1.23 bar) by using an autoclave (SJ-220A100; Sejong Scientific Co.,

Ltd., Bucheon, Korea). 

Red amaranth leaves extracted with methanol (RLM, 3.88 g),

green amaranth leaves extracted with methanol (GLM, 3.97 g), red

amaranth leaves extracted with hot water (RLHW, 10 g), green

amaranth leaves extracted with hot water (GLHW, 9.14 g), red

amaranth flower extracted with methanol (RFM, 4.32 g), purple

amaranth flower extracted with methanol (PFM, 5.21 g), red

amaranth flower extracted with hot water (RFHW, 6.43 g), purple

amaranth flower extracted with hot water (PFHW, 7.21 g), seeds

extracted with methanol (SM, 9.4 g), and seeds extracted with hot

water (SHW, 4.69 g) were frozen, lyophilized, and stored at -70°C

(Table 1).

A human lung epithelial cell line (L-132), a human promyelocytic

leukemia cell line (HL-60), an embryonic murine hepatocyte cell

line (BNL-CL2), and a macrophage cell line (RAW 264.7) were

purchased from the Korea Cell Line Bank (Seoul, Korea). L-132,

BNL-CL2, and RAW 264.7 cells were grown in Dulbecco’s

minimum Eagle’s medium (DMEM; Welgene, Daegu, Korea), and

HL-60 cells were grown in RPMI 1640 (Welgene) culture medium.

Media were supplemented with 10% fetal bovine serum (Hyclone,

Logan, UT, USA), 100 U/ml penicillin, and 100 mg/ml streptomycin

(GIBCO, Grand Island, NY, USA). The cells were incubated in a

humidified atmosphere with 5% CO2 at 37°C.

Free Radical Scavenging Activity 

ABTS+ radical scavenging measurements were obtained according

to the method described by Re et al. [19] with modifications.

DPPH radical scavenging measurements were obtained according

Table 1. Yield, percentage yield, and RC50 values of ABTS+ scavenging activities, DPPH scavenging activities, and reducing power

of leaves, flower, and seed extracts from amaranth.

Extracts Yield (g) Percentage yield (%) ABTS+ (µg/ml) DPPH (µg/ml) Reducing power

RLM 3.88 12.93 166.912 189.90   1.14 ± 0.2631) 2) a

GLM 3.97 13.23 >1,000 >1,000 0.868 ± 0.037b

RFM 4.32 14.4 >1,000 >1,000 0.365 ± 0.003e

PFM 5.21 17.37 195.66 155.06 0.673 ± 0.039c

SM 9.4 31.33 >1,000 >1,000   0.28 ± 0.025e

RLHW 10 33.33 303.394 >1,000 0.148 ± 0.007f

GLHW 9.14 30.47 >1,000 >1,000 0.084 ± 0.005f

RFHW 6.43 21.43 >1,000 >1,000 0.454 ± 0.059d

PFHW 7.21 24.03 321.72 >1,000 0.460 ± 0.038d

SHW 4.69 15.63 >1,000 >1,000     0.1 ± 0.003f

1)Each value is the mean ± SD of triplicate determinations (n = 3).
2)Means with different letters (a-j) within a column are significantly different at p < 0.05.

RLM (red leaves extracted with methanol), GLM (green leaves extracted with methanol), RFM (red flower extracted with methanol), PFM (purple flower extracted with

methanol), SM (seeds extracted with methanol), RLHW (red leaves extracted with hot water), GLHW (green leaves extracted with hot water), RFHW (red flower

extracted with hot water), PFHW (purple flower extracted with hot water), SHW (seeds extracted with hot water).
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to the method described by Blois [2] with modifications. The

reducing power of tannic acid was determined by the method

described by  Oyaizu [18] with slight modification.

Determination of Total Phenolic and Flavonoid Contents

Total phenolic content was determined colorimetrically using

Folin–Ciocalteau reagent, as described previously [9]. Total flavonoid

content was calculated by the AlCl3 colorimetric method [23].

Identification and Purification of Tannin

The extract was combined with 5.0 ml of Folin–Denis reagent

and Na2CO3 solution in a volume of 100 ml and mixed well, and

after 30 min, absorbance was read at 725 nm using a spectrophotometer

(Biochrom). Tannic acid (Sigma-Aldrich Co.) was used for preparing

the standard curve. Total tannin content is expressed as mg tannic

acid equivalents (TAE, dry basis)/g of sample. High-performance

liquid chromatography (HPLC) was performed with a reversed-

phase column (SunFire C18, 4.6 × 250 mm, 5-µm diameter; Waters,

Milford, MA, USA) and analyzed with HPLC Empower Software

(Waters). The mobile phase was water–acetonitrile 80/20% (v/v).

The flow rate was 1 ml/min, and the injection volume was 5 µl.

The chromatograms were detected at 230 nm and collected at

30°C. Tannic acid was purchased from Sigma-Aldrich and used as

a standard.

Protective Effect Against H2O2-Induced Oxidative Damage 

The effects of tannin on cancer cell proliferation was assessed

using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

(MTT; Genetrone, Seoul, Korea) assay. 

Superoxide Anion Radical (O2

-) Generation and Nitric Oxide (NO)

Assay

For this assay, superoxide anion inhibition was measured in 12-

O-tetradecanoyl-phorbol-13-acetate (TPA)-induced cultured HL-

60 cells [11]. RAW 264.7 cells (1 × 106 cells/well) were seeded in

96-well plates and incubated at 37°C for 24 h [7]. Cell viability was

assessed by the MTT assay.

Western Blot Analysis

Cells were lysed in ice-cold lysis buffer (RIPA, 20 mM Tris-HCl

(pH 7.5), 150 mM NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% NP-40,

1% sodium deoxycholate, 2.5 mM sodium pyrophosphate, 1 mM

β-glycerophosphate, 1 mM Na3VO4, 1 µg/ml leupeptin, and 1 mM

PMSF). The membranes were then incubated with SOD-1 (Santa

Cruz Biotechnology, Santa Cruz, CA, USA) and β-actin (Cell

Signaling Technology, Beverly, MA, USA) antibodies, followed by

the secondary antibody, goat anti-rabbit IgG (H+L) HRP conjugate

(Zymax, San Francisco, CA, USA). The blots were detected by

chemiluminescence using X-ray film (AGFA, Mortsel, Belgium).

Statistical Analyses

All determinations were performed in triplicate. Data are

expressed as means ± standard deviation (SD). The data were

subjected to an analysis of variance (ANOVA, p < 0.05) and Duncan’s

multiple range test (SPSS 18; SPSS Inc., Chicago, IL, USA).

Results

Free Radical Scavenging Activity of Extracts from Amaranth

Table 1 shows the extraction yield, percentage yield,

ABTS+ scavenging activities, DPPH scavenging activities,

and reducing power of leaves, flower, and seed extracts

from amaranth. The hot water extracts (RLHW, GLHW,

RFHW, and PFHW) of leaves and flowers showed a higher

extraction yield in comparison with that of methanol

extracts (RLM, GLM, RFM, and PFM) of leaves and

flowers. However, the yield of SM was higher than that of

SHW. The amaranth extracts had significant ABTS+ radical

scavenging effects. The RC50 (50% reduction concentration)

of the extracts RLM, PFM, RLHW, and PFHW was 166.91,

195.66, 303.39, and 321.72 µg/ml, respectively. The results

of the DPPH radical scavenging assay showed that extracts

from amaranth leaves, flowers, and seeds have antioxidant

activity. Although only slight antioxidant effects of the

other extracts were found, RLM (RC50 = 189.90 µg/ml) and

PFM (RC50 = 155.06 µg/ml) showed significant antioxidant

activity. The extract from amaranth exhibited potent reducing

ability. The methanol extracts from amaranth leaves had a

more powerful reducing power of 1.14 ± 0.263 (RLM) and

0.868 ± 0.037 (GLM) than the other extracts (0.1~0.63) at a

1 mg/ml concentration. These studies indicate that RLM is

the most powerful extract among the extracts from the

leaves, flowers, and seeds of amaranth. The ABTS+, DPPH,

and radical scavenging of GLM, RFM, SM, GLHW, RFHW,

and SHW were found to be slight (>1000 µg/ml). The

activity of purified tannin-ABTS+ radical scavenging was

evaluated as 87.1%, and the purified tannin from amaranth

had a powerful effect compared with RLM (42.9%) at a

concentration of 100 µg/ml (Fig. 1A). The DPPH radical

scavenging activities of purified tannin and RLM were

66.3% and 31.3% at the concentration of 100 µg/ml,

respectively (Fig. 1B). Despite the 10-fold concentration

between purified tannin and RLM, the reducing power

showed similar activities (Fig. 1C). These results revealed

that purified tannin from leaves of amaranth has stronger

radical scavenging and reducing power activities than that

of RLM. The total phenol, flavonoid, and tanin contents of

the extraxts from amaranth are presented in the Table 2.

Interestingly, the RLM fraction showed the highest tannin

content. Thus, RLM fractions were purified by HPLC for

further analysis. 
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Total Phenol, Flavonoid, and Tannin Content of Extracts

from Amaranth

The total phenol, flavonoid, and tannin contents of the

extracts from amaranth are presented in the Table 2. The

total phenol content of the hot water extracts, RLHW and

GLHW, were found to be equivalent to 6.82 ± 0.84 and 6.43

± 0.52 mg of gallic acid, respectively, higher than that of the

other extracts (1.69 ± 0.12~6.07 ± 0.64 mg GAE/g). GLM

exhibited the highest total flavonoid content at 3.57 ± 0.17 mg

CE/g, followed by RLM (2.88 ± 0.27 mg CE/g), PFM

(2.55 ± 0.16 mg CE/g), and RFM (1.71 ± 0.24 mg CE/g).

Interestingly, the total phenol content of the hot water

extracts of leaves was higher than the other extracts;

however, the flavonoid content of the methanol extracts of

leaves was higher than that of the hot water extracts. The

tannin contents of RLM, GLM, RLHW, and GLHW were

0.827 ± 0.02, 0.516 ± 0.02, 0.526 ± 0.01, and 0.579 ± 0.00 mg

tannic acid equivalent/g, respectively. Interestingly, the

RLM fraction showed the highest tannin content. Thus,

RLM fractions were purified by HPLC for further analysis.

Identification and Purification of Tannin in the RLM Extract

The HPLC fingerprint of the RLM from amaranth had a

profile representing the triterpene constituents, with tannic

acid as a major component, identified by comparison with

the standard (Fig. 1D).

Fig. 1. Free radical scavenging activity of amaranth extracts.

(A) ABTS+ scavenging activities of RLM (100 mg/ml) and tannin (100 mg/ml) from amaranth. (B) DPPH scavenging activities of RLM (100 mg/ml)

and tannin (100 mg/ml) from amaranth. (C) Reducing power of RLM (1 mg/ml) and tannin (100 mg/ml) from amaranth. (D) HPLC profiles of

RLM derived from amaranth and tannin. RLM: red leaves extracted with methanol and purified with methanol:acetonitrile (8:2) solution by HPLC

analysis. (E) Chemical structure of tannin. RLM: red leaves extracted with MeOH. Each value is the mean ± SD (n = 3).
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Protective Effect of Tannin Against H2O2-Induced Oxidative

Damage of Normal Cells

The cell death caused by H2O2 treatment was significantly

inhibited by the addition of amaranth extracts (Fig. 2).

Cytotoxicity of tannin from RLM was not shown at a

concentration of 25-100 µg/ml. The cell viability after

H2O2 treatment of L-132 cells decreased to 14.9% and BNL-

CL2 cells to 17.3%. H2O2 has been extensively used as an

inducer of oxidative stress in L-132 and BNL-CL2 cells. It

readily crosses the cellular membrane, giving rise to the

highly reactive hydroxyl radical that then reacts with

macromolecules, including DNA, proteins, and lipids, and

ultimately damages the cell [12, 22]. Cell viability was

significantly increased by the addition of tannin. At a

concentration of 100 µg/ml, the tannin increased cell

viability to 69.2% for L-132 cells and 41.8% for BNL-CL2

cells after H2O2 treatment. Therefore, it is possible that the

protective effect of tannin against H2O2-induced cell death

is due to a direct reaction of tannin with H2O2, or with free

radicals derived from H2O2, before they could react with

the cells. 

Superoxide Anion Radical Inhibitory Activity and Nitric

Oxide Inhibiting Activity of Tannin

Tannins of RLM were tested for their inhibitory effects

on tumor promoter TPA-induced O2

- generation in human

promyelocytic HL-60 cells being differentiated into

granulocyte-like cells by treatment with 1.25% DMSO for

6 days. The extracellular O2

- production was detected by

measuring the levels of the reduced form of cytochrome c.

As shown in Fig. 3A, cytotoxicity of tannin was not

observed at a concentration of 25-100 µg/ml. The tannin of

RLM inhibited cytochrome c reduction by 0.1% and 41% at

concentrations of 25 and 100 µg/ml, respectively, after

stimulation with TPA. The present study showed for the

first time that tannin is a potential phytochemical, showing

not only free radical scavenging activity, but also suppression

of O2

- generation from inflammatory leukocytes.

To determine the effects of tannin from RLM on NO

production, different concentrations of tannin (25-100 µg/ml)

were incubated with LPS/IFN-γ-activated RAW 264.7

macrophages. As shown in Fig. 3B, no cytotoxicity of

tannin alone was shown at a concentration of 25-100 µg/ml.

The effects of tannin on NO generation were quite variable

(inhibitory rates ranged from 8.7% to 43.3%).

Expression of SOD-1 Protein by Tannin

We examined the effect of tannin on Cu/Zn superoxide

dismutase (SOD-1) protein expression (Fig. 4). Western

blots were analyzed by calculating the relative density of

the immunoreactive bands using Image J software. The

relative densities of the bands were normalized to β-actin

Table 2. Comparison of total polyphenol and flavonoid contents of RLM from amaranth flowers.

Sample
Total phenolic content

(mg GAE1)/g)

Total flavonoid content

(mg CE2)/g)

Tannic acid content

(mg TAE3)/g)

RLM   3.9 ± 0.214)5)bc 2.88 ± 0.27 b 0.827 ± 0.02a

GLM   4.7 ± 0.66bc 3.57 ± 0.17a 0.516 ± 0.02 c

RFM 3.64 ± 0.02c 1.71 ± 0.24d 0.507 ± 0.01c

PFM 6.07 ± 0.64a 2.55 ± 0.16c 0.451 ± 0.03d

SM 1.69 ± 0.12d 1.53 ± 0.17d 0.316 ± 0.05f

RLHW 6.82 ± 0.84a 0.58 ± 0.02e 0.526 ± 0.01c

GLHW 6.43 ± 0.52a 0.14 ± 0.04f 0.579 ± 0.00b

RFHW 4.83 ± 0.99b 0.19 ± 0.04f 0.431 ± 0.04d

PFHW 3.63 ± 0.05c 0.12 ± 0.04f 0.369 ± 0.00e

SHW 4.23 ± 1.00bc 0.08 ± 0.00f 0.511 ± 0.01c

1)Total phenolic content was expressed as mg/g gallic acid equivalent (GAE).
2)Total flavonoid content was expressed as mg/g catechin equivalent (CE).
3)Tannic acid content was expressed as mg/g tannic acid equivalent (TAE).
4)Each value is the mean ± SD of triplicate determinations (n = 3).
5)Means with different letters (a-j) within a column are significantly different at p < 0.05.

RLM (red leaves extracted with methanol), GLM (green leaves extracted with methanol), RFM (red flower extracted with methanol), PFM (purple flower extracted with

methanol), SM (seeds extracted with methanol), RLHW (red leaves extracted with hot water), GLHW (green leaves extracted with hot water), RFHW (red flower

extracted with hot water), PFHW (purple flower extracted with hot water), SHW (seeds extracted with hot water).
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bands (arbitrarily set at 1) and expressed as the fold change

as compared with β-actin. In RAW 264.7 cells, tannin (25-

100 µg/ml) induced a dose-dependent increase in SOD-1

protein expression levels (1.38-1.64), as demonstrated by

western blot analysis. Specifically, tannin induced a 1.64-

fold increase in the expression of SOD-1 over control at a

concentration of 100 µg/ml (Fig. 4B). 

Discussion

Tannin, flavonoids, and phenolic acids are the most

predominant components of amaranth. These compounds

have radical scavenging and antioxidant activities. Amaranth

extracts have phenolic hydroxyl groups in their structures.

Antioxidants of phenolic groups have been recognized to

function as electron or hydrogen donors [20]. The role of

antioxidants has attracted much interest with respect to

their protective effect against free radical damage that may

be the cause of many diseases, including cancer [5]. The

antioxidant effect of amaranth extract is due mainly to the

tannin components. Some tannin compounds have been

reported to also show alkylperoxyl radical scavenging

activity, thus reducing radical-mediated pathogenesis,

such as carcinogenesis. The present study showed for the

first time that tannin is a potential phytochemical showing

not only free radical scavenging ability, but also suppressing

O2

- and NO generation from inflammatory leukocytes,

including neutrophils and macrophages. The free radical

scavenging activity and the powerful inhibition activity of

nitric oxide in RAW 264.7 cells were observed with tannin

from amaranth. NO has diverse physiological roles and

contributes to the immune defense against viruses, bacteria,

and other parasites [3, 10]. The inhibitory activity of tannin

was 43.77% at a 100 µg/ml concentration. This study shows

that tannin from extracts of the leaves of amaranth has a

Fig. 2. Protective effects of the tannin from amaranth on cell

viability against H
2
O

2
-induced oxidative damage in L-132 (A)

and BNL-CL2 cells (B). 

Cell viability was measured by MTT assay. Cells were incubated for

24 h before the addition of H2O2. Oxidative damage was induced with

2 mM H2O2 for 30 min. PC: positive control; NC: negative control. *p-

value of <0.05 was considered statistically significant compared with

the control group. Each value is the mean ± SD (n = 3). 

Fig. 3. Inhibitory effects of tannin on superoxide anion radical

generation and nitric oxide production. 

(A) Inhibitory effect of the tannin (25, 50, and 100 µg/ml) from amaranth

on TPA-induced O2
- generation in differentiated HL-60 cells. PC:

positive control; NC: negative control. LPS: cells treated with LPS

(20 µg/ml), tetrahydrobiopterin (10 µg/ml), 200 mM L-arginine, and

IFN-γ (100 U/ml). (B) Inhibitory effects of the tannin (25, 50, and

100 µg/ml) from amaranth on nitric oxide production in RAW 264.7

macrophages cells. *p-value of <0.05 was considered statistically

significant compared with the untreated control group. Each value is

the mean ± SD (n = 3).



Radical Scavenging Activities of Tannin  801

June 2015⎪Vol. 25⎪No. 6

more powerful effect than the extracts of Amaranthus

caudatus L. seeds, Strychnos ignatii Semen, and Glycyrrhizae

Radix to inhibit NO generation. Extracellular O2

-

production was detected by measuring the levels of the

reduced form of cytochrome c. Our results demonstrate

that the tannin from amaranth shows powerful protective

effects against oxidative stress, inhibitory effects on TPA-

induced O2

- generation in human promyelocytic HL-60

cells, and inhibition effect of NO production. Our results

suggest that the antioxidant activity of tannin is associated

with its free radical inhibitory activity in oxidative

damaged cells. Tannin has a powerful effect to inhibit O2

-

generation, comparable to that of ascorbic acid, a well-

known water-soluble radical scavenger [16].

We determined the effect of tannin on the level of SOD-1

protein by western blotting to gain insight into the mechanism

of the inhibitory effect of tannin on inflammation in RAW

264.7 cells. As can be seen in Fig. 4, treatment of the cells

with tannin increased the level of SOD-1. SOD-1 is a key

enzyme in the dismutation of superoxide radicals resulting

from cellular oxidative metabolism into hydrogen peroxide

[14]. Because inflammation is characterized by macrophage

activation, we examined the possibility that altered SOD-1

activity would affect the inflammatory process. We

speculated that up-regulation of SOD-1 would increase the

ability of macrophages to confront an increased level of

ROS during inflammation. In contrast, inhibition of SOD-1

would diminish this ability, resulting in inhibition of the

immune response. Here, we have demonstrated that the

tannin-induced inhibitory effect of inflammation in RAW

264.7 cells was caused by increasing SOD-1 protein. These

results indicate that tannin is an active component of the

leaves of Amaranthus caudatus L. that contributes to its

antioxidant activities. In conclusion, this study has

demonstrated that extracts from the leaves, flowers, and

seeds of amaranth have antioxidant activity. The extracts

showed DPPH and ABTS+ radical-scavenging effects and

reducing power. In L-132 and BNL-CL2 cells, tannin

extracted from red leaves showed a strong, concentration-

dependent protective effect against oxidative stress. A

powerful inhibition of nitric oxide production in RAW

264.7 cells was observed with tannin from RLM. The tannin

from RLM showed high flavonoid and tannin content and

more powerful protective effects against oxidative stress,

inhibitory effects on TPA-induced O2

- generation in human

promyelocytic HL-60 cells, and inhibition of NO production.

Tannin from amaranth possesses antioxidative activity and

could be a potential antitumor agent.

Acknowledgments

This research was supported by iPET (Korea Institute of

Planning and Evaluation for Technology in Food, Agriculture,

Forestry and Fisheries), the High Value-added Food

Technology Development Program (112123-3), and the

Ministry for Food, Agriculture, Forestry and Fisheries, Republic

of Korea and by High Value-added Food Technology

Development Program (314040-03-1-HD030) Ministry of

Agriculture, Food and Rural Affairs (MAFRA).

References

1. Athar M, Khan WA, Mukhtar H. 1989. Effect of dietary

tannic acid on epidermal, lung, and forestomach polycyclic

aromatic hydrocarbon metabolism and tumorigenicity in

Sencar mice. Cancer Res. 49: 5784-5788.

Fig. 4. Dose-dependent effect of the tannin on the expression of antioxidant protein in RAW 264.7 cells. 

Cells were treated with 25, 50, and 100 µg/ml tannin for 24 h. (A) The expression of SOD-1 was determined by western blot analysis. Equal

loading of protein was confirmed by β-actin quantification. (B) For each protein, the relative density was measured and normalized to β-actin

bands (arbitrarily set at 1). *denotes a statistically significant difference (p < 0.05) from the control group.



802 Jo et al.

J. Microbiol. Biotechnol.

2. Blois MS. 1958. Antioxidant determinations by the use of a

stable free radical. Nature 181: 1199-1200.

3. Cai Y, Sun M, Corke H. 2003. Antioxidant activity of

betalains from plants of the Amaranthaceae. J. Agric. Food

Chem. 51: 2288-2294. 

4. Czerwinski J, Bartnikowska E, Leontowicz H, Lange E,

Leontowicz M, Katrich E, et al. 2004. Oat (Avena sativa L.)

and amaranth (Amaranthus hypochondriacus) meals positively

affect plasma lipid profile in rats fed cholesterol-containing

diets. J. Nutr. Biochem. 15: 622-629.

5. Di Domeni F, Foppoli C, Coccia R, Perluigi M. 2012. Antioxidants

in cervical cancer: chemopreventive and chemotherapeutic

effects of polyphenols. Biochim. Biophys. Acta 1822: 737-747.

6. Ferguson LR. 2001. Role of plant polyphenols in genomic

stability. Mutat. Res. 475: 89-111. 

7. Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok

JS, Tannenbaum SR. 1982. Analysis of nitrate, nitrite, and

[15N] nitrate in biological fluids. Anal. Biochem. 126: 131-138.

8. Gülçin , Huyut Z, Elmasta  M, Aboul-Enein HY. 2010. Radical

scavenging and antioxidant activity of tannic acid. Arab. J.

Chem. 3: 43-53. 

9. Jimenez P, Cabrero P, Basterrechea JE, Tejero J, Cordoba-

Diaz D, Cordoba-Diaz M, Girbes T. 2014. Effects of short-

term heating on total polyphenols, anthocyanins, antioxidant

activity and lectins of different parts of dwarf elder

(Sambucus ebulus L.). Plant Foods Hum. Nutr. 69: 168-174.

10. Kalinova J, Dadakova E. 2009. Rutin and total quercetin

content in amaranth (Amaranthus spp.). Plant Foods Hum.

Nutr. 64: 68-74.

11. Kim HW, Murakami A, Nakamura Y, Ohigashi H. 2002.

Screening of edible Japanese plants for suppressive effects on

phorbol ester-induced superoxide generation in differentiated

HL-60 cells and AS52 cells. Cancer Lett. 176: 7-16.

12. Kim HY, Sin SM, Lee S, Cho KM, Cho EJ. 2013. The butanol

fraction of bitter melon (Momordica charantia) scavenges free

radicals and attenuates oxidative stress. Prev. Nutr. Food Sci.

18: 18-22.

13. Kunyanga CN, Imungi JK, Okoth M, Momanyi C, Biesalski

HK, Vadivel V. 2011. Antioxidant and antidiabetic properties

of condensed tannins in acetonic extract of selected raw and

processed indigenous food ingredients from Kenya. J. Food

Sci. 76: C560-C567. 

14. Marikovsky M, Ziv V, Nevo N, Harris-Cerruti C, Mahler O.

2003. Cu/Zn superoxide dismutase plays important role in

immune response. J. Immunol. 170: 2993-3001.

15. Martirosyan DM, Miroshnichenko LA, Kulakova SN,

Pogojeva AV, Zoloedov VI. 2007. Amaranth oil application

for coronary heart disease and hypertension. Lipids Health

Dis. 6: 1-12.

16. Nakamura Y, Ohto Y, Murakami A, Ohigashi H. 1998.

Superoxide scavenging activity of rosmarinic acid from Perilla

frutescens Britton var. acuta f. viridis. J. Agric. Food Chem.

46: 4545-4550. 

17. Oszmianski J, Wojdylo A, Lamer-Zarawska E, Swiader K.

2007. Antioxidant tannins from Rosaceae plant roots. Food

Chem. 100: 579-583.

18. Oyaizu M. 1986. Studies on product of browning reaction

prepared from glucoseamine. Jap. J. Nutr. 44: 307-315.

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. Shahidi F, Wanasundara PK. 1992. Phenolic antioxidants.

Crit. Rev. Food Sci. Nutr. 32: 67-103.

21. Yawadio Nsimba R, Kikuzaki H, Konishi Y. 2008. Antioxidant

activity of various extracts and fractions of Chenopodium

quinoa and Amaranthus spp. seeds. Food Chem. 106: 760-766.

22. Yazdanparast R, Ardestani A. 2007. In vitro antioxidant and

free radical scavenging activity of Cyperus rotundus. J. Med.

Food 10: 667-674. 

23. Zhishen J, Mengcheng T, Jianming W. 1999. The determination

of flavonoid contents in mulberry and their scavenging

effects on superoxide radicals. Food Chem. 64: 555-559. 

I
·

sç



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


