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In this paper, chufa peels (Eleocharis tuberosa) were researched for the flavonoid profile for the first time.
Twenty flavonoids were isolated and identified, including six new ones, named eleocharins A–F (1–6).
Their structures were characterised by spectroscopic methods and compared with published data. The
antioxidant activity of the acetone extract, EtOAc fraction, and nBuOH fraction of chufa peels as well
as the isolated flavonoids were assessed by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical bioassay. The
results showed that chufa peels can be regarded as an excellent source of natural antioxidants (mainly
flavonoids) and a good additive in the beverage and canning.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction 2. Materials and methods
Chufa corms, the fleshy underground bulb-like portion of plant
Eleocharis tuberosa Schudt. (Cyperaceae), are important commodity
in the food industry (Parker & Waldron, 1995). Commonly, chufa cor-
ms are consumed as fruit, grain or vegetable. In traditional medicine,
chufa corms are also applied to treatment of pharyngitis, laryngitis,
enteritis, cough, hepatitis and hypertension (Liu, Zhao, & Zhou,
2006). Chufa corms are usually consumed after fresh-cut processing.
In recent years, fresh-cut (peeled) chufa corms are in high demand
because of their unique taste, medicinal properties and the ease with
which they can be handled (You et al., 2012). This processing produces
a large number of chufa peels as waste. It was reported that the extracts
of chufa peels showed strong antioxidant activity and bactericidal
effect, indicating the application as additive in food industry. However,
the researches about its chemical constituents are limited (Li et al.,
2013). To efficiently utilise the chufa peels, we investigated the chem-
ical constitutes of chufa peels. As a result, twenty flavonoids included
six new compounds, named eleocharins A–F (1–6), were isolated and
identified. The antioxidant activity assay indicated the extracts and
all the compounds were good antioxidants, which suggested chufa
peels could be applied as an excellent source of natural antioxidants
in beverage and canning. Herein, isolation, characterisation, and anti-
oxidant activity of flavonoids from chufa peels are reported.
2.1. General methods

Optical rotations (OR) were recorded on a JASCO-20C digital
polarimeter. Ultraviolet absorption (UV) spectra were determined
on a Shimadzu UV-2401A spectrophotometer (Shimadzus, Kyoto).
Infrared spectroscopy (IR) spectra were measured on a Tensor 27
spectrometer with KBr pellets. Nuclear magnetic resonance
(NMR) spectra were collected on Bruker AV-400, DRX-500 or
AVANCE III-600 spectrometers with tetramethylsilane as an inter-
nal standard. Electrospray ionisation-mass spectrometry (ESI-MS)
and high-resolution (HR) EI-MS were recorded with a Bruker
HCT/Esquire and Waters AutoSpec-P776 mass spectrometer. Semi-
preparative HPLC was performed on an Agilent 1100 liquid chro-
matograph with a Zorbax SB-C18 (9.4 mm � 25 cm) column.
Column chromatography (CC) was performed using silica gel or
polyamides (100–200 and 200–300 mesh, Qingdao Marine Chemi-
cal Co. Ltd., Qingdao, People’s Republic of China), MCI gel (75–
150 lm; Mitsubishi Chemical Corporation, Japan), and Sephadex
LH-20 (Amersham Pharmacia Biotech, Sweden).

2.2. Plant material

The fresh chufa peels were collected in Hezhou, which adjoins
Guilin, Guangxi province, People’s Republic of China, in March,
2012, and identified by Baiming Pan, professor of Hezhou
University.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodchem.2014.04.103&domain=pdf
http://dx.doi.org/10.1016/j.foodchem.2014.04.103
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2.3. Extracts and isolation

The air-dried and powdered chufa peels (8.0 kg) were extracted
three times with 70% aqueous acetone (32 L � 3), each for 24 h, at
room temperature, and concentrated in vacuo to give a crude
extract. The crude extract was suspended in water, followed by
partitioning with EtOAc then nBuOH. The EtOAc fraction, nBuOH
fraction, and water fraction were concentrated under reduced
pressure. The EtOAc fraction (120 g) was chromatographed on
MPLC (MCI gel) eluted with a gradient of MeOH–H2O (5:5, 7:3,
9:1 and 10:0) to afford four fractions (A–D). Fraction B (9.8 g)
was divided into three portions (B1–B3) by a polyamides CC eluted
with gradient CHCl3–MeOH (from 5:1 to 0:1, v/v). Subfraction B1
was chromatography followed by Sephadex LH-20 CC (MeOH) to
produce compound 13 (8 mg). Compounds 7 (106 mg), 11
(10 mg), 15 (100 mg), and 19 (30 mg) were isolated from subfrac-
tion B2 by repeated chromatography including silica gel, MCI and
Sephadex LH-20. Subfraction B3 was chromatography over Sepha-
dex LH-20 eluting with MeOH to afford compound 18 (168 mg).
Fraction C (31 g) was submitted to a polyamide column and eluted
with gradient CHCl3–MeOH (from 5:1 to 0:1, v/v) to provide four
subfractions (C1–C4). Subfraction C1 (2.7 g) was separated by
Sephadex LH-20, then purified by RP-18 column (MeOH/H2O,
70%, v/v) to obtain compound 1 (7 mg) and a mixture which was
purified by semipreparative HPLC to give compound 2 (4 mg), 3
(12 mg), 4 (5 mg), 5 (15 mg), 14 (5 mg), and 17 (8 mg). Subfraction
C2 (1.95 g) was applied to Sephadex LH-20 and preparative TLC
(CHCl3–MeOH–H2O, 94.5:5:0.5) to yield 8 (10 mg). Subfraction C3
(4.3 g) was submitted to a Sephadex LH-20 and MCI gel CC to pro-
duce 6 (8 mg), 9 (15 mg), 10 (10 mg), and 20 (2 mg). Compounds
12 (12 mg) and 16 (20 mg) were separated from subfraction C4
(1.45 g) by preparative TLC and Sephadex LH-20.

2.3.1. Eleocharin A (1)
Amorphous yellow powder; [a]D

16: �17.5 (c 1.09, MeOH); IR
(KBr) mmax: 3432, 1616, 1564, 1467, 1451, 1349, 1273, 1166,
1127 cm�1; UV (MeOH): kmax (log e) 352.5 (4.15), 292.5 (4.17),
235.0 (4.22), 203.5 (4.23) nm; 1H NMR (600 MHz, DMSO-d6) and
13C NMR (150 MHz, DMSO-d6) data, see Table 1; ESIMS (nega-
tive-ion mode) m/z 351 [M�H]�; HREIMS m/z 352.0953 [M]+, calcd
for C20H16O6, 352.0947.

2.3.2. Eleocharin B (2)
Amorphous yellow powder; [a]D

17: �10.0 (c 1.32, MeOH); IR
(KBr) mmax: 3425, 2924, 1644, 1570, 1447, 1298, 1156,
1116 cm�1; UV (MeOH): kmax (log e) 358.0 (3.43), 272.0 (4.60),
227.0 (4.29), 202.0 (4.66) nm; 1H NMR(600 MHz, DMSO-d6) and
13C NMR (150 MHz, DMSO-d6) data, see Table 1; ESIMS (nega-
tive-ion mode) m/z 353 [M�H]�; HREIMS m/z 354.1091[M]+, calcd
for C20H18O6, 354.1103.

2.3.3. Eleocharin C (3)
Yellow prisms; [a]D

16: +16.2 (c 1.05, MeOH); IR (KBr) mmax:
3423, 2924, 1634, 1523, 1451, 1374, 1279, 1182, 1118 cm�1; UV
(MeOH): kmax (log e) 346.5 (3.57), 294.5 (4.23), 203.0 (4.69) nm;
1H NMR (400 MHz, methanol-d4) and 13C NMR (100 MHz, metha-
nol-d4) data, see Table 2; ESIMS (negative-ion mode) m/z 369
[M�H]�; HREIMS m/z 370.1417 [M]+, calcd for C21H22O6, 370.1416.

2.3.4. Eleocharin D (4)
Amorphous yellow powder; [a]D

16: �4.3 (c 1.34, MeOH); IR
(KBr) mmax: 3428, 2924, 1637, 1519, 1456, 1340, 1300, 1161,
1111 cm�1; UV (MeOH): kmax (log e) 291.0 (3.98), 202.5
(4.39) nm; 1H NMR (600 MHz, DMSO-d6) and 13C NMR (150 MHz,
DMSO-d6) data, see Table 2; ESIMS (negative-ion mode) m/z 315
[M�H]�; HREIMS m/z 316.0933 [M]+, calcd for C17H16O6, 316.0947.
2.3.5. Eleocharin E (5)
Amorphous yellow powder; [a]D

17: �19.4 (c 1.07, MeOH); IR
(KBr) mmax: 3425, 2924, 1639, 1450, 1341, 1291, 1204, 1158,
1127 cm�1; UV (MeOH): kmax (log e) 338.5 (3.58), 290.0 (4.36),
203.0 (4.71). 1H NMR (500 MHz, acetone-d6) and 13C NMR
(125 MHz, acetone-d6) data, see Table 2; ESIMS (negative-ion
mode) m/z 315 [M�H]�; HREIMS m/z 316.0941 [M]+, calcd for
C17H16O6, 316.0947.

2.3.6. Eleocharin F (6)
Amorphous orange powder; [a]D

16: +1.7 (c 0.58, MeOH); IR
(KBr) mmax: 3427, 2919, 1737, 1631, 1476, 1384, 1266, 1180,
1118 cm�1; UV (MeOH): kmax (log e) 405.5 (3.53), 285.0 (3.44),
203.0 (3.91) nm; 1H NMR (600 MHz, DMSO-d6) and 13C NMR
(150 MHz, DMSO-d6) data, see Table 1; ESIMS (positive-ion mode)
m/z 375 [M+Na]+; HREIMS m/z 352.0946 [M]+, calcd for C20H16O6,
352.0947.

2.4. Antioxidant activity assays

2.4.1. Reducing power assay
A modification of the method described by Li et al. (2012) was

used. A sample solution (1 mL, 0.1 mg/mL in ethanol) was added
into a phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and potassium ferr-
icyanate (2.5 mL, 10 mg/mL). The mixtures were incubated at 50 �C
for 20 min, and then 2.5 mL of trichloroacetic acid (100 mg/mL)
was added and centrifuged at 2000g for 10 min. The distilled water
(2.5 mL) and ferric chloride (0.5 mL, 1.0 mg/mL) were added to
2.5 mL of the supernatant. The absorbance was measured at
700 nm using a spectrophotometer. Rutin with the same concen-
tration was used as the reference sample. The increase in absor-
bance represented the increase in reducing power.

2.4.2. DPPH radical scavenging assay
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay was conducted

according the method reported by Rodrigo Scherer and Helena
Teixeira Godoy (Scherer & Godoy, 2009) with some modification.
The DPPH solution was prepared by dissolving 39.4 mg of DPPH
with 500 mL of ethanol, and then was stored in a cool, dark area,
until needed. 0.1 mL of blank (ethanol) or sample solutions in eth-
anol at different concentrations (from 0.05 mg/mL to 16 mg/mL)
was each added to 3.9 mL of a DPPH solution, which was diluted
to 0.080 mM with ethanol. The solution in the testing tubes was
shaken vigorously and incubated in the dark for 30 min at 37 �C.
Then, the absorbance of mixture was measured at 517 nm. The
tests were carried out in triplicate. The antioxidant activity was
expressed as the antioxidant activity index (AAI), calculated as fol-
lows as:

I% ¼ ðAblank � AsampleÞ
Ablank

� �
� 100; AAI

¼ final concentration of DPPH ðlg mL�1Þ
IC50 ðlg mL�1Þ

The IC50 (concentration providing 50% inhibition) was calcu-
lated on a calibration curve by plotting the sample concentration
and the corresponding scavenging effect. The sample would show
poor, moderate, strong, or very strong antioxidant activity when
AAI values were <0.5, between 0.5 and 1.0, between 1.0 and 2.0,
or >2.0, respectively.

2.5. Statistical analysis

All of the experiments were performed in triplicate. The data
were subjected to an analysis of variance (ANOVA, p < 0.05), and
results were expressed as the mean ± RSD% by SPSS version 13.0.



Table 1
1H and 13C NMR spectroscopic data for compound 1, 2 and 6 (d in ppm).

No. 1a 2a 6a

dC mult dH (J in Hz) dC mult dH (J in Hz) dC mult dH (J in Hz)

2 164.3, s 78.8, d 5.41 (dd, 12.6, 3.0) 147.5, s
3 103.0, d 6.72 (s) 42.1, t 3.26 (dd, 16.8, 12.6); 176.6, s

2.70 (dd, 16.8, 3.0)
4 181.9, s 197.3, s 153.0, s
5 155.6, s 157.5, s 106.1, s
6 104.8, s 102.1, s 167.2, s
7 158.7, s 161.2, s 92.7, d 5.85 (s)
8 95.0, d 6.54 (s) 95.7, d 5.92 (s) 167.1, s
9 156.4, s 162.4, s 98.7, s
10 104.7, s 102.5, s 106.9, d 6.20 (s)
10 121.3, s 129.2, s 124.5, s
20 113.5, d 7.39 (s) 114.5, d 6.87 (s) 117.1, d 7.34 (d, 1.8)
30 145.9, s 145.3, s 145.6, s
40 150.1, s 145.9, s 146.9, s
50 116.0, d 6.89 (d, 7.7) 115.4, d 6.74 (overlap) 116.1, d 6.77 (d, 8.2)
60 119.2, d 7.42 (d, 7.7) 118.2, d 6.74 (overlap) 123.3, d 7.07 (dd, 8.2, 1.8)
100 114.6, d 6.59 (d, 10.0) 114.6, d 6.50 (d, 10.2) 118.4, d 6.52 (d, 9.9)
20 0 129.1, d 5.79 (d, 10.0) 127.1, d 5.65 (d, 10.2) 122.8, d 5.32 (d, 9.9)
30 0 78.1, s 78.3, s 76.9, s
40 0 27.9, q 1.42 (s, 3H) 28.0, q 1.39 (s, 3H) 28.0, q 1.37 (s, 3H)
50 0 27.9, q 1.42 (s, 3H) 27.9, q 1.38 (s, 3H) 28.0, q 1.37 (s, 3H)
HO-5 13.44 (br s) 12.48 (s)
HO-7 8.41(br s)
HO-30 9.09 (s)
HO-40 9.15 (s)

a 1H NMR 600 MHz, 13C NMR 150 MHz, DMSO-d6.

Table 2
1H and 13C NMR spectroscopic data for compound 3, 4 and 5.

No. 3a 4b 5c

dC mult dH (J in Hz) dC mult dH (J in Hz) dC mult dH (J in Hz)

2 80.1, d 5.23 (dd, 12.7, 2.9) 78.7, d 5.35 (dd, 12.6, 2.6) 81.3, d 5.42 (dd, 12.9, 3.0)
3 44.2, t 3.01 (dd, 17.0, 12.7) 42.3, t 3.26 (dd, 17.0, 12.6) 44.9, t 3.18 (dd, 17.0, 12.9);

2.69 (dd, 17.0, 2.9) 2.63 (dd, 17.0, 2.6) 2.76 (dd, 17.0, 3.0)
4 198.4, s 195.9, s 198.9, s
5 160.1, s 160.4, s 162.3, s
6 109.5, s 94.7, d 5.92 (s) 106.7, s
7 163.8, s 160.5, s 167.7, s
8 103.9, s 103.4, s 92.8, d 6.17 (s)
9 159.5, s 160.8, s 163.7, s
10 103.4, s 101.0, s 104.6, s
10 132.2, s 129.8, s 132.8, s
20 114.5, d 6.94 (s) 111.1, d 7.07 (d, 1.4) 115.9, d 7.07 (s)
30 146.5, s 147.6, s 147.6, s
40 146.7, s 146.9, s 147.2, s
50 116.2, d 6.79 (overlap) 115.2, d 6.77 (d, 8.0) 117.2, d 6.90 (overlap)
60 119.0, d 6.79 (overlap) 119.7, d 6.89 (d, 8.0) 120.4, d 6.90 (overlap)
100 22.1, t 3.25 (d, 7.0)
200 123.9, d 5.16 (t, 7.0)
300 132.0, s
400 17.9, q 1.76 (s, 3H)
500 26.0, q 1.65 (s, 3H)
Me-6 8.2, q 1.96 (s, 3H)
Me-8 8.2, q 2.00 (s, 3H) 7.2, q 1.86 (s, 3H)
MeO-30 55.7, q 3.77 (s, 3H)
MeO-7 57.6, q 3.91 (s, 3H)
HO-5 12.45 (br s) 12.26 (s)
HO-30 9.23 (br s) 8.17 (br s)
HO-40 8.17 (br s)

a 1H NMR 400 MHz, 13C NMR 100 MHz, methanol-d4.
b 1H NMR 600 MHz, 13C NMR 150 MHz, DMSO-d6.
c 1H NMR 500 MHz, 13C NMR 125 MHz, acetone-d6.
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3. Results and discussion

3.1. Identification of the flavonoids

The 70% aqueous acetone extract of chufa peels was subjected
repeatedly to column chromatography over silica gel, RP-18,
Sephadex LH-20, and semipreparative HPLC to afford six new (1–
6) and fourteen known (7–20) flavonoids (Fig. 1). The known com-
pounds were identified by comparing the spectroscopic data with
those reported in literatures, which were identified as luteolin
(7) (Wagner, Chari, & Sonnenbichler, 1976), diosmetin (8)
(Wagner et al., 1976), 6-methylluteolin (9) (Bannerjee & Seshadri,
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1954; Islam & Krishnamurti, 1981), 6,8-dimethylluteolin (10)
(Gupta & Ahmed, 1984), quercetin (11) (Wagner et al., 1976), pino-
quercetin (12) (Xu, Zhang, & Zou, 2010), (�)-eriodictyol (13)
(Zhang et al., 2006), hesperetin (14) (Fletcher et al., 2011;
Wagner et al., 1976), 6-methyleriodictyol (15) (Barton, 1969), cyr-
tominetin (16) (Chokchaisiri et al., 2009; Iwashina, Kitajima, &
Matsumoto, 2006), 6-prenylnaringenin (17) (Ito et al., 1988), aure-
usidin (18) (Detsi, Majdalani, Kontogiorgis, Hadjipavlou-Litina, &
Kefalas, 2009), 5-methylaureusidin (19) (Seabra, Silva, Andrade, &
Moreira, 1998), and 5-prenylaureusidin (20) (Chu et al., 2001).

Eleocharin A (1) had the molecular formula C20H16O6 as deduc-
ing from the HREIMS at m/z 352.0953 [M]+ (calcd 352.0947), in
accordance to thirteen degrees of unsaturation. The UV spectrum
showed the typical absorptions of a flavone at 203, 292 and
352 nm. And its IR spectrum revealed absorptions of bands for
hydroxy groups (3432 cm�1), a carbonyl function (1616 cm�1),
and an aromatic system (1616, 1564, and 1467 cm�1) (Lin &
Shieh, 1991; Wang et al., 2004). The 13C NMR spectra revealed
the presence of 20 carbons, including a carbonyl group (dC 181.9)
and two methyl groups, corresponding to a prenylated flavonoid.
The 1H NMR spectrum of 1 contained signals of hydroxy group
[dH 13.44 (1H, s, OH-5)], a 2,2-dimethylpyran ring [dH 6.59 (1H,
d, J = 10.0 Hz, H-100), 5.79 (1H, d, J = 10.0 Hz, H-200), and 1.42 (6H,
s, H-500&600)], two aromatic singlets [dH 6.72 (1H, s, H-3), 6.54
(1H, s, H-8)], and a 30,40-dihydroxylated B ring [dH 7.42 (1H, d,
J = 7.7 Hz, H-60), 7.39 (1H, s, H-20), and 6.89 (1H, br s, H-50)]. On
the basis of HMQC and HMBC spectral analysis, all proton and car-
bon signals were fully assigned, and the positions of the substitu-
tion and cyclisation on the flavone skeleton were determined
(Fig. 2). In the HMBC spectrum, the doublet at dH 6.59 (H-100) cou-
pled with C-5 (dC 155.6) and C-6 (dC 104.8), and the proton at dH

6.54 (H-8) showed cross-peaks with C-7 (dC 158.7) and C-9 (dC

156.4), which established the 2,2-dimethylpyran ring at C-6
and C-7. This was confirmed by the fact that a chelated phenolic
proton (OH-5) was observed in the 1H NMR (DMSO-d6) spectrum
(Maneechai, De-Eknamkul, Umehara, Noguchi, & Likhitwitayawuid,
2012). The signals at dH 6.72 and 6.54 were assigned to H-3 and
H-8, respectively, on the basis of HMBC correlations. The structure
of the B ring was also verified from the HMBC spectral data. All
proton and carbon signals were fully assigned by the HMQC and
HMBC experiments. Consequently, the structure of eleocharin A
(1) was determined as 8-(3,4-dihydroxyphenyl)-5-hydroxy-2,
2-dimethyl-2H,6H-benzo[1,2-b:5,4-b0]dipyran-6-one.

The HREIMS of eleocharin B (2) showed a molecular ion at m/z
354.1091 [M]+, corresponding to the molecular formula C20H18O6.
In the 1H and 13C NMR spectra, a methylene at dC 42.1, an oxyme-
thine at dC 78.8, an ABX system at dH 3.26, 2.70, and 5.41 assigned
to the two protons of H-3 and to H-2, respectively, two methyl
groups at dC 27.9 and 28.0, and a carbonyl group at dC 197.3 were
presented. These chemical shifts are typically assignable to a
prenylated flavanone skeleton (Chiari, Vera, Palacios, &
Carpinella, 2011; Liu et al., 2008; Shi et al., 2001). In the HMBC
spectrum, the doublet at dH 6.50 (d, J = 10.2 Hz, H-100) coupled with
C-5 (dC 157.5), C-6 (dC 102.1), and C-7 (dC 161.2). Given the exis-
tence of the chelated phenolic proton (dH 12.48, OH-5) the 2,2-
dimethylpyran ring was attached at C-6 and C-7. While, the 30,40-
dihydroxylated B ring was also established by the HMBC spectral
data. All proton and carbon signals were fully assigned by the
HMQC and HMBC experiments. According to the optical rotation
of 2 ([a]D

17: �10.0), the configuration of C-2 should be 2S
(Chokchaisiri et al., 2009; Cui et al., 2008; Rahman & Gray, 2002).
Therefore, the structure of eleocharin B (2) was elucidated
as (�)-(8S)-8-(3,4-dihydroxyphenyl)-7,8-dihydro-5-hydroxy-2,2-
dimethyl-2H,6H-benzo[1,2-b:5,4-b0] dipyran-6-one.

Compound 3 was obtained as yellow prisms. The molecular for-
mula C21H22O6 was deduced from the HREIMS at m/z 370.1417.
Maxima of UV absorbance around 294 nm and ABX spin systems
in the aliphatic region of the 1H NMR spectrum suggested 3 should
be a flavanone. The presence of dimethylallyl groups in 3 was evi-
denced by the two singlets for two methyl groups [dH 1.76 (s, H-
400), 1.65 (s, H-500)], a doublet [dH 3.25 (d, J = 7.0 Hz, H-100)] for a
methylene group, and a multiplet for the vinylic proton that typical
for a dimethylallyl group attached to aromatic ring, which was
attached to C-6 as evidence from the HMBC correlations of dH

3.25 (H-100) with C-5 (dC 160.1, s), C-6 (dC 109.5, s), and C-7 (dC

163.8, s). Additionally, compound 3 also showed indicative signal
in the 1H NMR of a methyl substituent at an aromatic ring [dH

2.00, s; dC 8.20, q] which was attached to C-8 as deduced from
the HMBC correlations of dH 2.00 (s, CH3-8) with C-7 (dC 163.8,
s), C-8 (dC 103.9, s), and C-9 (159.5, s). The 1H and 13C NMR spectra,
HSQC and HMBC experiments together with published data for
40,5,7-trihydroxy-8-methyl-6-(3-methyl-2-butenyl)-(2S)-flava-
none, naringenin also allowed the assignment of carbon and proton
shifts for 3. The nature of 3 ([a]D

16: +16.2) indicated normal R ste-
reochemistry at C-2. Therefore, we assigned compound 3 as (+)-
(2R)-2-(3,4-dihydroxyphenyl)-2,3-dihydro-5,7-dihydroxy-8-methyl-
6-(3-methyl-2-butenyl)-4H-1-benzopyran-4-one and named as
eleocharin C (Fig. 1).

The molecular formula of eleocharin D (4) was determined to be
C17H16O6 on the basis of the molecular ion at m/z 354.0933 [M]+ by
HREIMS. The 1H and 13C NMR spectra data showed an ABX system
with signals at dH 5.35 (dd, J = 12.6, 2.6 Hz, H-2), 3.26 (dd, J = 17.0,
12.6 Hz, H-3), 2.63 (dd, J = 17.0, 2.6 Hz, H-3)-typical of H-2 and
2 � H-3 of a flavanone, a catechol type B-ring with dH 7.07 (d,
J = 1.4 Hz, H-20), 6.77 (d, J = 8.0 Hz, H-50), 6.89 (d, J = 8.0 Hz, H-60)
(Rahman & Gray, 2002), a methyl substituent (dH 1.86, s; dC 7.20,
q) at an aromatic ring, and a methoxy substituent (dH 3.77, s; dC

55.7 q). The methyl carbon was suggested to connected to C-8 as
inferred from the HMBC correlations of dH 1.86 with C-7 (dC

160.5, s), C-8 (103.4, s), and C-9 (160.8, s). And the methoxyl car-
bon was to attach to C-30 as evidence by the HMBC correlations
of dH 3.77 (s, CH3O-30) with dC 147.6 (s, C-30). The optical rotation
of compound 4 ([a]D

16: �4.3) was levorotatory that established
the configuration of C-2 as 2S. On this basis, eleocharin D was iden-
tified as (�)-(2S)-2,3-dihydro-5,7-dihydroxy-2-(4-hydroxy-3-
methoxyphenyl)-8-methyl-4H-1-benzopyran-4-one.

Eleocharin E (5) has a molecular formula of C17H16O6 on the
basis of the HREIMS (at m/z 316.0941 [M]+). The 1H and 13C NMR
spectra data showed an ABX system with signals-typical of H-2
and 2 � H-3 of a flavanone, a catechol type B-ring, a methyl substi-
tuent at an aromatic ring, and a methoxy substituent, which sug-
gested the structure of 5 was closed to that of 4. Detailed 2D
NMR analysis indicated the methyl group and the methoxy was
connected to C-6 and C-7 in compound 5, respectively, rather than
C-8 and C-30 in 4. Finally, the optical rotation of compound 5 ([a]D

17:
�19.4) was levorotatory that established the configuration of C-2
as 2S. Thus, the compound 5 was established as (�)-(2S)-2-(3,4-
dihydroxyphenyl)-2,3-dihydro-5-hydroxy-6-methyl-7-methoxy-
4H-1-benzopyran-4-one.

Compound 6 was assigned a molecular formula of C20H16O6 on
the basis of HREIMS at m/z 352.0946 [M]+, exhibited a typical UV
spectrum of an aurone with kmax: 352.5 (4.15), 292.5 (4.17),
235.0 (4.22), 203.5 (4.23). The 1H NMR spectrum data of 6
(600 MHz, DMSO-d6, Table 1) showed the signals of a 2,2-dim-
ethylpyran ring [dH 6.52 (1H, d, J = 9.9 Hz, H-100), 5.32 (1H, d,
J = 9.9 Hz, H-200), and 1.37 (6H, s, H-500&600)], two aromatic singlets
[dH 5.85 (s, H-7) and 6.20 (s, H-10)], a 30,40-dihydroxylated B-ring
[dH 7.34 (1H, br d, 1.8 Hz, H-20), 6.77 (1H, br d, J = 8.2 Hz, H-50),
and 7.07 (1H, dd, J = 8.2, 1.8 Hz, H-60)]. In the HMBC spectrum,
the signals at dH 5.85 (s, H-7) and 6.20 (s, H-10) were assigned to
H-7 and H-10 on the basis of their long-range correlations with
dC 167.2 (s, C-6), 167.1 (s, C-8), 106.1 (s, C-5), and 98.7 (s, C-9)
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Table 3
Reducing power and scavenging activitya of the extracts, fractionsb and isolates.

Samples Reducing power DPPH. scavenging activity

Abs IC50 AAI

1 0.18 4.57 6.73
2 0.60 2.99 10.30
3 0.42 5.68 5.41
4 0.06 138.42 0.22
5 0.38 6.20 4.96
6 0.13 15.29 2.01
7 0.41 3.06 10.06
8 0.05 51.59 0.60
9 0.36 3.24 9.49

10 0.35 1.37 22.45
11 0.44 2.73 11.27
12 0.35 2.57 11.98
13 0.47 4.79 6.42
14 0.09 79.69 0.39
15 0.46 5.49 5.60
16 0.44 5.72 5.37
17 0.05 42.44 0.72
18 0.67 5.07 6.07
19 0.29 9.71 3.17
20 0.51 3.77 8.16
Acetone extract 0.04 93.43 0.33
EtOAc fraction 0.10 19.05 1.61
nBuOH fraction 0.08 37.60 0.82
Water fraction 0.04 114.21 0.27
Rutin 0.35 4.15 7.40

a IC50 value of samples are represented as lg/mL.
b
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and with dC 147.5 (s, C-2), 117.1 (d, C-20) and 123.3 (d, C-60),
respectively. The proton at dH 6.52 (1H, d, J = 9.9 Hz, H-100) was cor-
related with dC 106.1 (s, C-5) and dC 153.0 (s, C-4), which estab-
lished the 2,2-dimethylpyran ring at dC 153.0 (s, C-4) and 167.2
(s, C-6) and this was confirmed by the fact that no chelated pheno-
lic proton (OH-5) was observed in the 1H NMR (DMSO-d6) spec-
trum (Maneechai et al., 2012). Compound 6 was identified to be
a Z aurone on the basis of the 13C NMR chemical shift of the exocy-
clic olefinic methine C-10 at dC 108.0 (Agrawal, 1989; Huong et al.,
2012). The structure of the B ring was also verified from the HMBC
spectral data. All proton and carbon signals were fully assigned by
the HSQC and HMBC experiments. Consequently, the structure of
eleocharin F (6) was determined as (+)-(Z)-8-(3,4-dihydroxy-ben-
zylidene)-5-hydroxy-2,2-dimethyl-2H-furo[2,3-h] chromen-9-one.
10 g of powdered E. tuberosa peels was exhaustively extracted by 70% aqueous
acetone (70 mL � 3) at room temperature followed by evaporation to yield acetone
extract, the fractions were obtained from the 70% acetone extract of 8 kg of pow-
dered E. tuberosa peels.
3.2. Antioxidant properties

All the compounds and extracts were evaluated for antioxidant
activity by the reducing power assay and DPPH radical scavenging
assay. In terms of reducing power, the absorbance value of the
sample ranged from 0.04 to 0.67 (Table 3). Most compounds
showed significant reducing power and compound 18 ranked the
highest (Abs = 0.67). Compounds with a 30,40-dihydroxyl group in
B ring possess stronger reducing power than that of rutin
(Abs = 0.35, positive control). In the DPPH radical scavenging assay,
the AAI value were varied from 0.27 (water fraction) to 22.45 (10)
(Table 3). All the isolated compounds showed strong radical scav-
enging activity, expect for compound 4, 8, 14 and 17. The radical
scavenging activity of compound 2, 7, 9, 10, 11 and 12 were higher
than that of rutin at the same concentration, indicating compounds
with a catechol moiety possess potent radical scavenging activity.
The antioxidant assays suggested that the flavonoids with a 30,40-
dihydroxylated B ring have strong antioxidant activity, and the
activity decreased when the hydroxyl of B-ring was substituted
with methoxy.
4. Conclusion

In this study, chufa peels were researched for the flavonoid pro-
file for the first time and the antioxidant activity evaluation indi-
cated that its flavonoid profile and extracts were excellent
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natural antioxidants. Particularly, most of the flavonoids exhibited
high degree of hydroxylation and contained the catechol moiety
within the B ring of their structures, and their antioxidant activity
are significantly increased with these feature (Wolfex & Liu, 2008).
The distinctive antioxidant components in the chufa peels may
contribute the therapeutic effect on oxidative stress-induced
organism injury (Hirano et al., 2001).

To the best of our knowledge, 95% of chufa corms were came
from China and the fresh-cut processing produced a large among
of chufa peels as byproduct. Therefore, rational utilisation of chufa
peels is quite important for consumers and food manufacturers. It
was reported that the extracts of chufa peels showed strong anti-
oxidant activity and bactericidal effect, which can be used to pro-
duce fruit vinegar, beverage, and edible pigment (Gao, Luo, Chen,
& Pan, 2010). According to our research, chufa peels contains abun-
dant flavonoids and its flavonoid profile and extracts are good anti-
oxidants. The results suggested that the chufa peels can be
regarded as an excellent source of natural antioxidants (mainly
flavonoids) and have great potential to explored as dietary natural
antioxidant in future.
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