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Abstract

A total of 27 accessions from ten Vicia species were investigated for flavonoid contents, total
polyphenol contents, and DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS [2,2'-azinobis
(3-ethylbenzothiazoline 6-sulfonic acid)] free radical-scavenging activities. The results revealed
that NAC17 (V. monantha) and NAC14 (V. hyrcanica) had the highest total flavonoid content
(1.42 = 0.09mg/g) and total polyphenol content [124.2 = 0.5 pg/gallic acid equivalents (GAE)
mg], respectively. Among four flavonoids, naringenin was detected at high concentrations
in Vicia species. The DPPH and ABTS assays showed values in the range of 57.2 (ICsg)
(NAC13, V. faba) to 6530.0 (ICsy) (NAC24, V. sativa subsp. nigra) and 19.1 pg/Trolox mg
(NAC7, V. cracca) to 253.4png/Trolox mg (NAC13, V. faba), respectively. Among ten
Vicia species, V. monantha and V. hbyrcanica had the highest flavonoid content
(1.31 = 0.09mg/g) and total polyphenol content (116.5 * 2.0 wg/GAE mg), respectively. The
highest antioxidant activity was detected in V. faba. These results will expand the flavonoid
database and provide valuable information on Vicia species for the development of functional

foods or feed-additive resources.
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Introduction

Legumes are a diverse and important angiosperm family,
with more than 650 genera and 18,000 species. Legumes
are the third largest family of higher plants and second
only to grasses in agricultural importance (Young et al.,
2003). The genus Vicia belongs to the Hologalegina
clade of the legume family, and includes a number of
important food and forage crops (Wojciechowski, 2003).
Numerous vetch species are frequently found in local
floras, which contribute to the quality of pasture and
meadow communities as well as soil fertility (Mikic
et al., 2009). Vetch species are rich in nitrogen compared
with other forage legumes, such as Medicago sativa
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or pea, and are a quality source of forage and green
manure, as their crude dry matter protein concentration
is >200 g/kg (Mikic et al., 2009).

Antioxidant compounds have received attention from
natural product consumers and researchers due to their
pharmacological properties. Antioxidants lower the oxi-
dative stress caused by reactive oxygen species (ROS)
(Nordberg and Arner, 2001). There is increasing interest
in natural antioxidant products for use as medicines
and food additives (Mossi et al., 2004; Willcox et al.,
2004). Phytochemicals, such as polyphenols and caroten-
oids, are important because of their contributions to
human health and their multiple biological effects, such
as antioxidant, antimutagenic, anticarcinogenic and cyto-
protective activities (Ajila and Prasada Rao, 2008).

Flavonoids provide colour to plants and attract pollina-
tors and seed dispersers. They include antioxidants to
protect plants against UV radiation, attract insects, act as
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signalling molecules to facilitate nitrogen fixation and
defend against bacterial and fungal attack, as well as
their bitter or astringent taste repels birds and other
animals (Croteau et al., 2000; Wildman, 2001; Winkel-
Shirley, 2001, 2002). Several health beneficial properties
of dietary flavonoids have been recognized in humans
due to their antioxidant and antiproliferative effects,
which protect the body from various pathologies, such
as cancers and cardiovascular and inflammatory diseases
(Middleton et al., 2000; Nijveldt et al., 2001).

Because of their widespread occurrence and chemical
stability, flavonoids are accepted as taxonomic chemical
markers for characterizing and classifying higher plants
(Asen, 1984; Harborne and Turner, 1984; Van Sumere
et al, 1985). Webb and Harborne (1991) studied
flavonoid aglycones from acid-hydrolysed leaf extracts,
indicating that flavonoid data are meaningful at the sec-
tional level and suggested that variations in the glycosidic
type present in Vicia flavonoids could be interesting from
a chemotaxonomic perspective.

The nutritional properties of other Vicia species have
been reported (Alzueta et al., 2001). The polyphenol con-
tents and antioxidant activities of V. faba (Amarowicz
et al., 2004) and V. sativa (Amarowicz et al., 2008)
have also been reported. The present study was con-
ducted to (1) screen for flavonoid content and total poly-
phenol content (TPC) as well as antioxidant capacities
in the stems and leaves of 27 Vicia accessions, and (2)
identify flavonoids and total polyphenols in the 27 acces-
sions of ten Vicia species with the highest antioxidant
activities.

Materials and methods
Plant materials and sample preparation

A total of 27 accessions from ten Vicia species in 13
countries were obtained from USDA-ARS (Supplementary
Table S1, available online). Crude extracts from the 27
samples were produced using 7g of oven-dried stems
and leaves from each accession using an ASE-200 extrac-
tor (Dionex, Sunnyvale, CA, USA). Extractions were
performed in 40ml of 75% EtOH under nitrogen gas at
1500 psi and 70°C. The extracted samples were dried
using an HT-4X vacuum concentrator (Genevac, Stone
Ridge, NY, USA).

DPPH assay

The DPPH (2,2-diphenyl-1-picrylhydrazyl)  radical-
scavenging activities of the extracts were assessed

using the method of Lee and Lee (2004) with some
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modifications. The DPPH solution (150 pl; 150 uM in
anhydrous EtOH) was added to 100 pl of the sample sol-
ution. The mixture was shaken vigorously and left to stand
at 25°C in the dark for 30 min. Absorbance at 517 nm was
measured using a spectrophotometer (Epoch; Bio-Tek,
Winooski, VT, USA). Results are expressed as half maximal
inhibitory concentration (ICsp) and compared with
ascorbic acid used as the standard.

ABTS assay

ABTS  [2,2'-azinobis(3-ethylbenzothiazoline  6-sulfonic
acid)] free radical-scavenging activity was estimated
using the method of Re e al. (1999) with some modifi-
cations. The ABTS radical cation was generated by
adding 7mM ABTS to 2.45mM potassium persulphate,
followed by overnight incubation in the dark at room
temperature. The ABTS radical cation solution was
diluted with methanol (MeOH) to obtain an absorbance
of 0.7 £ 0.02 at 735 nm. The diluted ABTS radical cation
solution (190 pD) was added to 10 ul of the sample sol-
ution. After 6 min, absorbance at 735 nm was determined
using a spectrophotometer (Epoch; Bio-Tek, Winooski,
VT, USA). Trolox was used as the standard, and results
are expressed in pg of Trolox equivalents/mg of dried
sample.

Flavonoid assay

The flavonoid aglycone contents of the 27 Vicia acces-
sions were investigated using high-performance liquid
chromatography (HPLC; Thermo Scientific, Waltham,
MA, USA) with a Hypersil ODS column (125 X 4 mm,
Swm particles; Hewlett-Packard, Palo Alto, CA, USA).
Flavonoid aglycone contents were estimated using the
method of Olszewska (2007) with some modifications.
The eggplant leaf and fruit extract (50 mg) was heated
at 90°C for 2h with 10ml of 1N hydrochloric acid, fol-
lowed by shaking for 2h with 10ml of MeOH. The
hydrolysate was diluted with MeOH to 25ml using a
volumetric flask and filtered through a PTFE syringe
filter (13 mm, 0.45 pm pore; Whatman, Maidstone, Kent,
UK). Detection was performed at 370 nm.

TPC assay

TPC was measured using the modified Folin—Ciocalteu
method (Waterhouse, 2002). Folin—Ciocalteu reagent
(100 D was added to 100 pl of the sample solution and
reacted at room temperature for 3min. After adding
100l of 2% sodium carbonate, the mixture was
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incubated at room temperature for 30 min. Absorbance
was measured at 750nm using an ELISA reader with
distilled water as the blank. Total phenolic content is
expressed as milligrams of gallic acid equivalents (GAE)
per gram dried weight sample (ug/GAE mg of dry seed).

Statistical analyses

Duncan’s multiple-range test was used to detect signifi-
cant differences among the 27 Vicia accessions using
SPSS Statistics 20 (SPSS Inc., Chicago, IL, USA). Results
of DPPH, expressed as ICsy, were converted to 1/ICs,
before the clustering analysis and correlation analysis.
Hierarchical clustering was performed using the R statisti-
cal software environment (http://www.r-project.org).
Distances were calculated using complete linkage cluster-
ing and Pearson’s correlation analysis. A P value <0.05
was considered to indicate significance.

Results

Flavonoid content and TPC in the 27 Vicia
accessions

The distribution of flavonoids in the 27 accessions of ten
Vicia species is presented in Table 1 and Supplementary
Table S1 (available online). Among the flavonoids, myri-
cetin, kaempferol, naringenin and isorhamnetin were
detected in all the 27 accessions of Vicia species. The
total flavonoid content (TFC) was 0.03—-1.42mg/g
among the 27 Vicia accessions. Among these accessions,
the TFC was the highest in NAC17 (V. monantha,
1.42 £ 0.09mg/g). Similarly, NAC6 (V. cracca) exhibited
the lowest polyphenol content (0.03 £ 0.01 mg/g). Of the
four detected flavonoids, the content of naringenin was
high in 22 Vicia accessions, but was not detected in the
accessions NAC14, NAC15 and NAC16 (V. hyrcanica),
and NAC19 and NAC20 (V. peregrina). The content of
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naringenin was 0.05-1.38mg/g in 22 Vicia accessions.
Naringenin was found at high levels in NAC17 (V. mon-
antha, 1.42 = 0.09mg/g) and NAC18 (V. monantha,
1.10 £ 0.01 mg/g) accessions. Kaempferol was detected
in only four accessions, namely NAC11, NAC12, NAC13
(V. faba) and NAC22 (V. sativa). The content of kaemp-
ferol in three accessions, NAC11, NAC12 and NAC13, was
0.04 mg/g, whereas the content in the NAC22 accession
was 0.01 mg/g. The content of myricetin in the 27 Vicia
accessions was 0.02-0.08mg/g. Of the accessions,
NAC2 (V. articulata, 0.08 £ 0.00 mg/g) had the highest
myricetin content and NAC11 (V. faba, 0.02 £ 0.00 mg/
) had the lowest. Myricetin was not detected in eight
accessions, namely NAC4, NAC5, NAC6, NAC7 (V.
cracca), NAC21, NAC22 (V. sativa), NAC24 and NAC25
(V. sativa subsp. nigra). Among the 27 Vicia accessions,
isorhamnetin was detected in 13 accessions. The content
of isorhamnetin was high in NAC2 (0.14 = 0.01 mg/g)
and low in NAC20 (V. peregrina, 0.01 mg/g). The TPC
in all the 27 accessions of Vicia species was found to be
15.9-124.2 ng/GAE mg, as determined by the Folin—
Ciocalteu method (Fig. 1(b); Supplementary Table 1,
available online). NAC14 (V. hyrcanica) had a signifi-
cantly (P < 0.05) greater TPC (124.2 £ 0.5 wg/GAE mg)
than the other accessions, whereas NAC7 (V. cracca)
had the lowest TPC (15.9 * 0.2 ng/GAE mg).

Antioxidant activities of the 27 Vicia accessions

DPPH and ABTS assays were performed using an ethanol
extract to determine the antioxidant activities of the 27
Vicia accessions (Table 1; Supplementary Table S1, avail-
able online). The DPPH radical-scavenging activities of
the 27 Vicia accessions were in the range of 57.2 to
6530.0 (ICsp). NAC13 (V. faba) had the highest DPPH
radical-scavenging  activity (57.2 * 0.3, ICso) and
NAC24 (V. sativa subsp. nigra) had the lowest (6530.0
* 153, ICsp). The antioxidant activities to scavenge
ABTS free radicals in the 27 Vicia accessions were

Table 1. Descriptive statistics of flavonoid and total polyphenol contents, and antioxidant activities in the 27 Vicia
accessions

No. of accessions Min Max Mean SD Skewness Kurtosis
Myricetin (mg/g) 19 0.016 0.075 0.035 0.017 0.746 —0.238
Naringenin (mg/g) 22 0.030 1.380 0.342 0.393 1.454 1.069
Kaempferol (mg/g) 4 0.005 0.037 0.029 0.016 —1.995 3.983
Isorhamnetin (mg/g) 13 0.006 0.136 0.058 0.041 0.261 —0.894
TFC (mg/g) 27 0.027 1.421 0.334 0.378 1.577 1.678
TPC (wg/GAE mg) 27 15.9 124.2 39.2 37.3 1.707 1.085
DPPH (ICs0) 27 57.2 6530.0 1631.1 1406.5 1.860 4.745
ABTS (ng/Trolox mg) 27 18.3 253.4 53.9 63.6 —0.239 —0.452

TFC, total flavonoid content; TPC, total polyphenol content; GAE, gallic acid equivalents; DPPH, 2,2-diphenyl-1-picrylhy-
drazyl; ICs0, half maximal inhibitory concentration; ABTS, 2,2'-azinobis(3-ethylbenzothiazoline 6-sulfonic acid).
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Fig. 1. Hierarchical clustering analysis of flavonoid and total polyphenol contents, and antioxidant activities in the 27 Vicia
accessions (a) and ten Vicia species (b). ABTS, 2,2'-azinobis(3-ethylbenzothiazoline 6-sulfonic acid); DPPH, 2,2-diphenyl-1-

picrylhydrazyl.

19.1-253.4 wg/Trolox mg. NAC13 (V. faba) had the
highest ABTS free radical-scavenging activity (253.4
* 4.6 pg/Trolox mg), and NAC7 (V. cracca) had the
lowest (19.1 = 0.6 pg/Trolox mg).

TFC, TPC and antioxidant activities of ten
Vicia species

Table 2 presents the total flavonoid and polyphenol
contents and antioxidant activities in the ethanol extracts
of ten Vicia species. The TFCs of ten Vicia species were in
the range of 0.04—1.31 mg/g. Among them, V. monantha
had the highest TFC (1.31 = 0.09mg/g) and V. cracca
had the lowest (0.04 £ 0.00 mg/g). Kaempferol was dete-
cted only in V. faba (0.04 = 0.00mg/g) and V. sativa
(0.01 £ 0.00 mg/g). Naringenin content was in the range
of 0.08-1.26mg/g. V. monantha (1.26 * 0.09 mg/g)
had the highest naringenin content and V. cracca
(0.04 £ 0.00mg/g) had the lowest. However, naringenin
was not detected in V. hyrcanica and V. peregrina.
Myricetin and isorhamnetin contents were in the rage of
0.2-0.06 mg/g and 0.1-0.10 mg/g, respectively. The TPC
was 18.3—116.5 ng/GAE mg in the ten Vicia species.
Among them, V. hyrcanica had the highest TPC
(116.5 = 2.0 ,g/GAE mg), whereas V. ervilia had the
lowest (18.3 * 1.0 ng/GAE mg). V. faba showed the
highest antioxidant activities to scavenge DPPH and
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ABTS free radicals (63.7 £ 5.1, 1Csy and 223.7 = 14.7
pg/Trolox mg, respectively).

Clustering analysis

The 27 accessions of Vicia species were classified into
four clusters according to their TFC, TPC and antioxidant
activities (Fig. 1(a)). Cluster I contained NAC11, NAC12
and NAC13 with higher DPPH and ABTS free radical-
scavenging activities and kaempferol contents than
those of the other clusters. Cluster II consisted of
NAC17 and NAC18 with higher TFC, TPC and naringenin
content than those in the other clusters. Cluster III com-
prised six accessions with higher isorhamnetin and myr-
icetin contents than those in the other clusters. Cluster
IV comprised three sub-clusters, which were divided
based on the TPC and the presence or absence of myri-
cetin (Fig. 1(a)).

The ten Vicia species were also divided into four clus-
ters (Fig. 1(b)). Cluster I contained only V. faba with a
higher kaempferol content and antioxidant activity com-
pared with those in the other clusters. Cluster II con-
tained only V. monantha, which showed higher TPC,
TPF and naringenin contents than those in the other clus-
ters. Cluster III contained V. articulata and V. hyrcanica,
which showed higher myricetin and isorhamnetin
contents than those in the other clusters. Cluster IV
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comprised three sub-clusters, which were divided based
on isorhamnetin and myricetin contents (Fig. 1(b)).

Correlation among the parameters of the
27 Vicia accessions

The correlations among flavonoids, TPC, DPPH and
ABTS are given in Table 3. A negative correlation
was detected between myricetin  and naringenin
(r=-0.608, P<0.05) and myricetin and DPPH
(r=—0.526, P<0.05. The naringenin content was
positively  correlated  with  kaempferol — (r= 0.990,
P <0.01), TFC (r=0.987, P <0.01), DPPH (r= 0.563,
P <0.05), ABTS (r=0.509, P<0.05) and TPC
(r=10.702, P < 0.01). The kaempferol content was posi-
tively correlated with TFC (r=0.996, P < 0.01) and
DPPH (r=0.972, P < 0.01). TFC was positively corre-
lated with antioxidant activities (DPPH, = 0.574,
P <0.01; ABTS, r=0.507, P<0.01). DPPH and ABTS
free radical-scavenging activities were positively corre-
lated (= 0.979, P < 0.0D).

Discussion

We revealed that the TFCs of 27 accessions of ten Vicia
species varied markedly. The flavonoids myricetin,
kaempferol, isorhamnetin and naringenin were detected
in all the 27 accessions of Vicia species. Campeol et al.
(2003) reported that four Vicia species had various flavo-
noid patterns. In particular, kaempferol and quercetin
were present in different quantities in the four species.
In our results, the 27 Vicia accessions showed various
flavonoid contents. Because the 27 Vicia accessions
comprised ten Vicia species collected in 13 countries,
we expected that they would have various flavonoid
compositions. In addition, the characteristic flavonoid
compositions of the 27 Vicia accessions of various origins
may be of interest for developing pharmaceutical or
nutraceutical products.

Flavonoids and total polyphenols are important
secondary plant metabolites present at high levels in
plants under stress (Koh et al., 2009; Stanojevic et al.,
2009), as they play a role in reducing the oxidative
stress caused by ROS (Patil and Jadhav, 2013). In this
study, naringenin, kaempferol and TFC were positively
correlated with DPPH free radical-scavenging activity,
whereas myricetin was negatively correlated. TFC and
naringenin were positively correlated with ABTS free
radical-scavenging activity. Gee and Johnson (2001) and
Malaveille et al. (1996) reported that myricetin, kaemp-
ferol and naringenin exert their effects by controlling
the mechanisms of ROS production, which may be a
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Table 3. Correlations among flavonoids, total polyphenol and antioxidant activities of the 27 Vicia accessions
Myricetin Naringenin Kaempferol Isorhamnetin TFC DPPH ABTS
Naringenin —0.608*
Kaempferol —0.693 0.996**
Isorhamnetin 0.920%* -0.116 -
TFC —0.391 0.987** 0.996** 0.122
DPPH —0.526* 0.563** 0.972* —-0.314 0.574**
ABTS —0.452 0.509* 0.894 0.208 0.507** 0.979**
TPC —-0.178 0.702%* —0.869 —0.112 0.256 —0.168 —-0.13

TFC, total flavonoid content; DPPH, 2,2-diphenyl-1-picrylhydrazyl; ABTS, 2,2’-azinobis(3-ethylbenzothiazoline 6-sulfonic

acid); TPC, total polyphenol content.
Pearson’s correlation coefficient: * P < 0.05, ** P < 0.01.

positive effect considering the importance of antioxidant
agents during oxidative stress. Our results show similar
correlations of flavonoids with antioxidant activities,
with the exception of myricetin. Our finding of a corre-
lation between myricetin and antioxidant activity was
different from other studies, but may be related to the
complex mixtures in the extracts, which have distinct
activities (Mensor et al., 2001; Hou et al., 2003).

Six flavonoid aglycones (apigenin, myricetin, kaemp-
ferol, luteolin, quercetin and diosmetin) were present in
the acid-hydrolysed leaf extracts of Vicia species (Webb
and Harborne, 1991). Campeol et al. (2000) reported
the presence of kaempferol and quercetin in three
Vicia species, and Perrino and Maruca (1989) identified
the flavonoids apigenin, kaempferol and quercetin in
Vicia species. In particular, kaempferol was the most
abundant flavonoid aglycone in V. faba. Although
kaempferol was not the main flavonoid in our accessions,
it was detected in four accessions, three of which were
V. faba. Naringenin was the predominant flavonoid
because we used leaves and stems, whereas kaempferol
was found to be the most abundant flavonoid in previous
reports. We also found that Vicia stems contain abundant
naringenin; however, more detailed studies are needed to
determine the flavonoid contents of Vicia species.

Naringenin (4/,5,7-trihydroxyflavanone) has several
biological activities, such as antimicrobial, expectorant,
antitussive, antiatherogenic, antifibrogenic, neuroprotec-
tive, anticomplementary, antimutagenic, antioxidant,
anticancer, anti-inflammatory and inhibitory effects on
asthma and acute lung injury (Choi et al., 1994; Takahashi
et al., 1998; Lee et al., 2001; Kumar et al., 2003; Lee et al.,
2004). It also has antidiabetic, antiproliferative and antic-
ancer activities (Lin and Chiou, 2009; Annadurai et al.,
2012). Naringenin feed supplementation increases egg
production, reduces egg yolk cholesterol content,
reduces serum cholesterol and triglyceride concen-
trations, and improves antioxidant activities (Lien et al.,
2008). Many studies have reported the presence of narin-
genin in various plants. Lee et al. (2007) reported that
0.20mg/g of naringenin is present in citrus peels. The
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truffle (7Terfezia boudieri Chatin) contains 0.25 pg/g of
naringenin (Akyuz, 2013). The mean concentration of
naringenin in cultivated Astragalus membranaceus is
49.0 pg/g (Jun et al., 2012). Our Vicia accessions had
high naringenin contents, which accounted for >70%
of TFC (Supplementary Table S1, available online). In
particular, NAC17 and NAC18 (V. monantha) had narin-
genin contents higher (1.38 £ 0.09 and 1.06 = 0.02mg/
g, respectively) than those reported previously. This
novel finding will facilitate the development of resources
with high naringenin concentrations.

In conclusion, we found that the flavonoid patterns dif-
fered among the ten Vicia species (Table 2). The flavo-
noid patterns of Vicia species have been investigated
using HPLC and UV spectrophotometry (Perrino and
Maruca, 1989; Webb and Harborne, 1991; Campeol
et al., 2000; Campeol et al., 2003). Those studies reported
that flavonoid data are meaningful at the sectional level,
and suggested that variations in glycosidic type present
in Vicia flavonoids could be interesting from a chemo-
taxonomic perspective. These results indicate that the
ten Vicia species are closely associated with their flavo-
noid contents, geographical origins and antioxidant
activities. Although a broader investigation of Vicia
species is needed to confirm the characterization, our
results are a preliminary step in the investigation of the
flavonoid contents of Vicia species.
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To view supplementary material for this article, please
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Acknowledgements

This study was supported by the Research Program for
Agricultural Science & Technology Development (Project
No. PJ010883) and the 2015 Postdoctoral Fellowship


https://doi.org/10.1017/S147926211500043X

Antioxidant activity of Vicia species

Program of National Academy of Agricultural Science,
Rural Development Administration, Korea.

References

Ajila CM and Prasada Rao UJ (2008) Protection against hydrogen
peroxide induced oxidative damage in rat erythrocytes
by Mangifera indica L. peel extract. Food and Chemical
Toxicology 46: 303—309.

Akyuz M (2013) Nutritive value: flavonoid content and radical
scavenging activity of the truffle (Terfezia boudieri
Chatin). Journal of Soil Science and Plant Nutrition 13:
143-151.

Alzueta C, Caballero R, Rebole A, Trevino J and Gill A (2001)
Crude protein fraction in common vetch fresh forage
during pod filling. Journal of Animal Science 79:
2449-2455.

Amarowicz R, Troszynska A, Barylko-Pikielna N and Shahidi F
(2004) Polyphenolics extracts from legume seeds: corre-
lations between total antioxidant activity, total phenolics
content, tannins content and astringency. Journal of Food
Lipids 11: 278-2806.

Amarowicz R, Troszynska A and Pegg RB (2008) Antioxidative
and radical scavenging effects of phenolics from Vicia
sativum. Fitoterapia 79: 121-122.

Annadurai T, Muralidharan AR, Joseph T, Hsu MJ, Thomas PA
and Geraldine P (2012) Antihyperglycemic and antioxidant
effects of a flavanone, naringenin, in streptozotocin—nico-
tinamide-induced experimental diabetic rats. Journal of
Physiology and Biochemistry 68: 307-318.

Asen S (1984) High pressure liquid chromatographic analysis of
flavonoid chemical markers in petals from Gerbera flowers
as an adjunct for cultivar and germplasm identification.
Phytochemistry 23: 2523-2526.

Campeol E, Catal S, Cremonni R and Morelii I (2000) Flavonoids
analysis of Vicia species of Narbonensis complex: V. kala-
kbensis Khatt., Maxt. and Bisby and V. eristalioides Maxt.
Caryologia 53: 63—08.

Campeol E, Cioni PL, Flamini G, Rossi B and Cremonini R (2003)
Flavonoids analysis of four Vicia species of Narbonensis
complex in two different vegetative phases. Caryologia
56: 365—371.

Choi JS, Park KY, Moon SH, Rhee SH and Young HS (1994) Anti-
mutagenic effect of plant flavonoids in the Salmonella
assay system. Archives of Pharmacal Research 17: 71-75.

Croteau R, Kutchan TM and Lewis NG (2000) Natural products
(secondary metabolites). In: Buchanan BB, Gruissem W
and Jones RL (eds) Biochemistry and Molecular Biology
of Plants. Rockville, MD: American Society of Plants Physi-
ologists, pp. 1250-1318.

Gee JM and Johnson IT (2001) Polyphenolic compounds: inter-
actions with the gut and implications for human health.
Current Medicinal Chemistry 8: 1245—1255.

Harborne JB and Turner BL (1984) Plant Chemiosystematics.
London: Academic Press.

Hou WC, Lin RD, Cheng KT, Hung YT, Cho CH, Chen CH,
Hwang SY and Lee MH (2003) Free radical scavenging
activity of Taiwanese native plants. Phytomedicine 10:
170-175.

Jun YM, Kim EH, Lim JJ, Kim SH, Kim SH, Lin JD, Cheoi DS,
Cheoi YS, Yu CY and Chung IM (2012) Variation of
phenolic compounds contents in cultivated Astragalus

https://doi.org/10.1017/5S147926211500043X Published online by Cambridge University Press

125

membranaceus. Korean Journal of Medicinal Crop Science
20: 447-453.

Koh E, Wimalasiri KMS, Chassy AW and Mitchell AE (2009)
Content of ascorbic acid: quercetin, kaempferol and total
phenolics in commercial broccoli. Journal of Food
Composition and Analysis 22: 637—643.

Kumar MS, Unnikrishnan MK, Patra S, Murthy K and Srinivasan
KK (2003) Naringin and naringenin inhibit nitrite-induced
methemoglobin formation. Pharmazie 58: 564—566.

Lee DJ and Lee JY (2004) Antioxidant activity by DPPH assay.
Korean Journal of Crop Science 49: 187—194.

Lee CH, Jeong TS, Choi YK, Hyun BH, Oh GT, Kim EH, Kim JR,
Han JI and Bok SH (2001) Antiatherogenic effect of
citrus flavonoids, naringin and naringenin, associated
with hepatic ACAT and aortic VCAM-1 and Mcp-1 in high
cholesterol-fed rabbits. Biochemical and Biophysical
Research Communications 284: 681—688.

Lee MH, Yoon S and Moon JO (2004) The flavonoid naringenin
inhibits dimethyl nitrosamine-induced liver damage in rats.
Biological and Pharmaceutical Bulletin 27: 72—76.

Lee M-H, Huh D, Jo D, Lee G-D and Yoon S-R (2007) Flavonoids
components and functional properties of citrus peel hydro-
lysate. Journal of the Korean Society of Food Science and
Nutrition 36: 1358-1364.

Lien TF, Yeh HS and Su WT (2008) Effect of adding extracted
hesperetin, naringenin and pectin on egg cholesterol,
serum traits and antioxidant activity in laying hens.
Archives of animal nutrition 62: 33—43.

Lin BQ and Chiou GCY (2009) Antioxidant activity of naringenin
on various oxidants induced damages in ARPE-19 cells
and HUVEC. International Journal of Ophthalmology 2:
113-117.

Malaveille C, Hautefeuille A, Pignatelli B, Talaska G, Vineis P
and Bartsch H (1996) Dietary phenolics as anti-mutagens
and inhibitors of tobacco-related DNA adduction in the
urothelium of smokers. Carcinogenesis 17: 2193—2200.

Mensor LL, Menezes FS, Leitao GG, Reis AS, dos Santos TC,
Coube CS and Leitao SG (2001) Screening of Brazilian
plant extracts for antioxidant activity by the use of DPPH
free radical method. Phytotherapy Research 15: 127-130.

Middleton E Jr, Kandaswami C and Theoharides TC (2000)
The effects of plant flavonoids on mammalian cells:
implications for inflammation, heart disease, and cancer.
Pharmacological Reviews 52: 67-751.

Mikic A, Mihailovic V, Hauptvogel P, Cupina B, Petrovic M,
Krstic D, Jovicic D, Milosevic B and Hauptvogel R (2009)
Wild populations of vetches (Vicia) as forage and green
manure crops for temperate regions. Irish Journal of Agri-
cultural and Food Research 48: 205.

Mossi AJ, Cansian RL, Carvalho AZ, Dariva C, Oliveira JV,
Mazutti MA, Filho NI and Echeverrigaray S (2004) Extrac-
tion and characterization of volatile compounds in Mayte-
nus ilicifolia, using high-pressure CO,. Fitoterapia 75:
166-178.

Nijveldt RJ, van Nood E, van Hoorn DE, Boelens PG, van Norren
K and van Leeuwen PA (2001) Flavonoids: a review of
probable mechanisms of action and potential applications.
American Journal Of Clinical Nutrition 74: 418—425.

Nordberg J and Arner ESJ (2001) Reactive oxygen species,
antioxidants, and the mammalian thioredoxin system.
Free Radical Biology and Medicine 31: 1287—-1312.

Olszewska M (2007) Quantitative HPLC analysis of flavonoids
and chlorogenic acid in the leaves and inflorescences of


https://doi.org/10.1017/S147926211500043X

126

Prunus aerotina EHRH. Acta Chromatographica 19:
253-269.

Patil AB and Jadhav AS (2013) Flavonoids an antioxidants:
a review. International Journal of Pharmaceutical and
Biological Sciences Research and Development 2: 7—-20.

Perrino P and Maruca G (1989) Flavonoid taxonomic analysis of
Vicia species of section Faba. Canadian Journal of Botany
67: 3529-3533.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M and Rice-
Evans C (1999) Antioxidant activity applying an improved
ABTS radical cation decolorisation assay. Free Radical
Biology and Medicine 26: 1231-1237.

Stanojevic L, Stankovic M, Nikolic V, Nikolic L, Ristic D, Canada-
novic-Brunet J and Tumbas V (2009) Antioxidant activity
and total phenolic and flavonoid contents of Hieracium
pilosella L. extracts. Sensor 9: 5702—5714.

Takahashi T, Kobori M, Shinmoto H and Tsushida T (1998)
Structure—activity relationship of flavonoids and the induc-
tion of granulolytic or monocytic differentiation in HL 60
human myeloid leukemia cells. Bioscience, Biotechnology,
and Biochemistry 62: 2199—2204.

Van Sumere CF, van de Casteele K, de Loose RE and Heursel ]
(1985) Reversed phase HPLC analysis of flavonoids and
the biochemical identification of cultivars of evergreen
Azalea. In: Van Sumere CF and Lea PJ (eds) The Biochem-
istry of Plant Phenolics. Oxford, UK: Clarendon Press,
pp. 17-43.

https://doi.org/10.1017/5S147926211500043X Published online by Cambridge University Press

K. J. Lee et al.

Waterhouse AL (2002) Determination of total phenolics. In:
Wrolstad RE (ed.) Current Protocols in Food Analytical
Chemistry. New York: John Wiley & Sons, pp. 1-4.

Webb M and Harborne JB (1991) Leaf flavonoid aglycone
patterns and sectional classification in the genus Vicia
(Leguminosae). Biochemical Systematics and Ecology 19:
81-86.

Wildman REC (2001) Nutraceuticals: a brief review of historical
and teleological aspects. In: Wildman REC (ed.) Handbook
of Nutraceuticals and Functional Foods. Boca Raton, FL:
CRC Press, pp. 1-12.

Willcox JK, Ash SL and Catignani GL (2004) Antioxidants and
prevention of chronic disease. Critical Reviews in Food
Science and Nutrition 44: 275-295.

Winkel-Shirley B (2001) Flavonoid biosynthesis. A colourful
model for genetics, biochemistry, cell biology, and biotech-
nology. Plant Physiology 126: 485—493.

Winkel-Shirley B (2002) Biosynthesis of flavonoids and effects
of stress. Current Opinion in Plant Biology 5: 218—223.

Wojciechowski MF (2003) Reconstructing the phylogeny of
legumes (Leguminosae): an early 21st century perspective.
In: Klitgaard BB and Bruneau A (eds) Advances in
Legume Systematics. Kew, UK: Royal Botanic Gardens,
pp. 5-35.

Young ND, Mudgeand J and Ellis THN (2003) Legume genomes:
more than peas in a pod. Current Opinion in Plant Biology

6: 199—-204.


https://doi.org/10.1017/S147926211500043X

