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Barley and its products are good sources of antioxidants. This experiment was conducted to examine
the classification and concentration of phenolic compounds, proanthocyanidins, and anthocyanins in
127 lines of colored barley. Their relationship with 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activity was also examined. Barley was placed into seven groups using the colorimeter:
hulled (black 1, black 2, black 3, and purple) and unhulled (black, blue, and purple). The contents of
phenolic compounds and anthocyanins were analyzed by using HPLC. The average content of
phenolic compounds in unhulled barley groups (268.6 x«g/g) was higher than that in hulled (207.0
uglg) (P > 0.05). The proanthocyanidins content was determined by modified vanillin assay. The
average content of proanthocyanidins was significantly higher in purple and blue barley groups
compared with black (P < 0.05). The content of anthocyanins varied from 13.0 to 1037.8 ug/g. Purple
and blue barley groups contained higher average contents of anthocyanins than black (P < 0.05).
The most common anthocyanin in the purple barley groups was cyanidin 3-glucoside, whereas
delphinidin 3-glucoside was the most abundant anthocyanin in the blue and black groups. In colored
barley, DPPH radical scavenging activity had high positive correlation to the content of phenolic
compounds and proanthocyanidins.
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INTRODUCTION antioxidants, indoles, and phenolic compounds, which are

enerally recommended as being an important part of a health
Barley (Hordeumuulgare L.) is a widely consumed cereal ﬁuman éi/iet @). g P P y

because of its dietary health benefits, ready availability, reason- Barlev arains also contain various phvtochemicals such as
able cost, and processing properties for products such as beer h I'y 9 dfl ids. Thev h P Yd f ohenoli
barley teas, soup, and baked products (1). Barley grains differp €nolics and flavonoids. 'hey have a wide rangeé ot phenolic
considerably from those of other cereals in regard to chemical a.C'dS’ n par_tlcular, denva_tlves of _benz_0|c a(f'def@l) and
constitution. Grains containing protein of high biological value cinnamic acid (@._CE‘)’ with ferulic aqld being the.most.
are characterized by high levels of dietary fiber, which include abunqant& 9). Various (.:I‘?SSES of phenollg qompouqu In grains
the valuables-glucans and arabinoxylans. They also contain contain proanthocyanidins, anthocyanidins, guinones, fIa_-
tocotrienols and tocopherol®) In recent years, the demand vanones, flavones, fIavoans, chalcones, and amino phenolic
for natural, functional, and healthy foods has tended to increase.compoundsm' 11). Phenolic qompounds are antioxidants, gnd
For this reason, many researchers have studied the phytochemi["’j‘tur_al antmx@ants may exhibit one or more of the'followmg
cals in fruits, vegetables, and cereals. Several papers have[OIeS' fr«_ee radical scavenger, reducing agent, potential prodL_Jcer
reinforced the case for whole grains as health-promoting of prooxu_zlant mgtals, a’.‘d quencher of singlet oxygen formation
components in the diet (3—5). Recent analyses of whole grains(lz)' Thglr chemlgal actions are related toa number of hydroxy]
and their products demonstrate that they are good sources offfoups in phenolic compounds. For this reason, the phenolic

antioxidants (6). Compared with refined grains, whole grains compounds present in grain_s as either_ antioxidanf[ mat_erials or
are richer in insoluble fibers and several nutrients such as the agents of other mechanisms contribute to anticarcinogenic

or cardioprotective action. Phenolic acids scavenge the free
radicals responsible for promoting lipid oxidation at biologically

458'2‘7‘?5";2 ‘fé%’g Z‘L’ge;gggdgnr%: 'Ish?nlg'?n gkgggfisggi}m% significant rates 13). Several studies have been published on
- . Fax; -2- - . E-mail, imci uk.ac.kr. .. . .
T Honam Agricultural Research Institute. the antl_OX|d§ant activity _of phenollc_: _compounds such s

8 Konkuk University. coumaric acid, ferulic acid, and vanillic acid, as well as on the
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mutagenicity of some major flavonoids such as myricetin,
kaempferol, and quercetii4, 15). Moreover, proanthocyani-
dins also have potent antioxidant capacity and possible protective
effects on human health (16).

Anthocyanins constitute one of the major groups of natural
pigments, are responsible for the colors of many fruits and
flowers, and possess antioxidant activity vitro. They have
greater antioxidant activity than either vitamin C or E7)
Anthocyanins are glycosides of polyhydroxy-2-phenylbenzopy-
rylium or flavylium salts, which are widely distributed in fruits
and vegetables (18). Barley is an anthocyanin-colored cereal
and exists in black, blue, red, and purple varieties due to the
presence of melanins and anthocyanins (19).

The aim of this study was to screen hulled and unhulled
colored barley varieties with respect to their contents of phenolic
compounds and anthocyanins and to investigate their 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities. :
Hence, this study also examined the relationship between the Hulled black 2 (Hb2) Hulled black 3 (Hb3)
concentration of phenolic compounds, anthocyanins, and anti-
oxidant activity in colored barley.

MATERIALS AND METHODS

Grain Samples and Sample PreparationColored barley genetic
resources were supplied from the National Gene Bank, Rural Develop-
ment Administration, Korea. Barley was propagated during the 2004
2005 season at Iksan (Honam Agricultural Research Institute, NICS),
Korea. The following 127 barley lines were used: 96 lines of hulled
black barley (including Spratt), 3 lines of hulled purple barley (including
D.S.B. 10-2), 7 lines of unhulled black barley (including A-35), 3
lines of unhulled blue barley (including Ab 2231), and 18 lines of
unhulled purple barley (including Chan Tung) (Supporting Information,
Table 1).

Whole grains were ground using a roter mill (Fritsch, Idar-Oberstein,
Germany) equipped with a 0.2 mm screen. Grains and grain flour
3?:;122 C\j/vere put into plastic bags and stored20 °C under vacuum Unhulled blue (Us) Urbolind S ea)

Color Characteristics of Colored Barley. Instrumental colorimetric ~ Figure 1. Normal barley and seven groups of colored barley germplasms.
analyses were performed with a Spectro Colorimeter (model JS-555,
Color Techno System Co. Ltd., Japan). A glass cell containing the grain ~ Two grams of ground whole grain sample was mixed with 10 mL
was p|aced above the |ight source, covered with a white p|ate[_and of acetonitrile and 2 mL of 0.1 N HCl in a 125 mL Erlenmeyer flask.
a, andb values were then recordddvalues indicate lightnesa,values It was then stirred for 2 h abom temperature and filtered through a
indicate redness, artivalues indicate yellowness of the samples. The Whatman no. 42 filter paper (Whatman, Maidstone, U.K.). The extracts
presence of anthocyanins was investigated (data not shown), One granwere freeze-dried under50 °C, and the residue was redissolved in
of powdered whole grain sample was extracted with 20 mL of 80% 10 mL of 80% high-performance liquid chromatography (HPLC) grade
methanol containing 0.1% HCl in a conical flask (wrapped in aluminum methanol. Methanolic extracts were filtered through a 048
foil) for 24 h at 4°C. After 24 h, the extract was centrifuged at 3900 ~ membrane filter (nylon, Titan) and transferred to 1.0 mL vials.
for 20 min. The supernatant was scanned the whole wavelength range A 20 uL sample of each filtrate was analyzed using an HPLC system
of 200—700 nm with a UV-vis spectrophotometer (Hitachi Ltd.,  equipped with a Young-Lin M930 pump, an M720 YVis detector
Tokyo, Japan). at 280 nm, and a Marathon autoinjector with a 20 sample loop.

Quantitative Analysis of Phenolic Compounds. Analysis of Separation was achieved with a YMC-Pack ODS AM-30a1(%, 250
phenolic compounds was conducted according to the method of Chungmm x 4.6 mmi.d.) column. The mobile phase was distilled water with
et al. 0). The 30 phenolic compound standards, benzoic acid, 0-1% glacial acetic acid (solvent A) and acetonitrile with 0.1% glacial
biochanin A, caffeic acid, chlorogenic acidkans-cinnamic acid, acetic acid (solvent B). The following gradient was used: 0 min, 8%
m-coumaric acidp-coumaric acido-coumaric acid, 3,4-dimethoxy- B in A; 2 min, 10% B in A; 27 min, 30% B in A; 50 min, 90% B in
benzoic acid, ferulic acid, formononetin, gallic acid, homogentisic acid, A; 52—56 min, 100% B in A; 56-60 min, 8% B in A. Run time was
o-hydroxyphenylacetic acid, phloroglucinol, protocatechuic acid, py- 60 min, and the flow rate was maintained at 0.8 mL/min.
rogallol, g-resorcylic acid, salicylic acid, syringic acid, vanillic acid, Determination of Proanthocyanidins Content.The proanthocya-
(+)-catechin, hesperetin, hesperidin, kaempferol, myricetin, naringenin, nidins content of the barley was determined according to the modified
naringin, quercetin, and rutin, were purchased from Sigma-Aldrich (St. vanillin assay of Sun et al2(). Powdered whole grain sample (0.2 g)
Louis, MO) and Extrasynthese (Gernay, France) and used for calibrationwas extracted with 10 mL of methanol containing 1% HCIl in a 50 mL
curves. The standard stock solutions (100 ppm) were made with conical flask. The mixture was stirredrf@ h atroom temperature and
dimethyl sulfoxide (DMSO). All standard calibration curves showed centrifuged at 3000épr 10 min. The supernatant was filtered through
high degrees of linearity fr> 0.99) (data not shown). Sample a 0.45um membrane filter (nylon, Titan) and used to determine the
compounds were identified on the basis of the retention times of content of proanthocyanidins. Two milliliters of methanolic extract
standard materials and were quantified by comparing their peak areassolution, 2.5 mL of 1% (w/v) of vanillin in methanol, and 2.5 mL of
with those of standard curves. HPLC diluents, sample solvents, and 25% (v/v) of HSO, in methanol were mixed. The absorbance was
21 standard materials used were of HPLC grade. measured 20 min later at 500 nm. The results were expressed in

Unhulled black (Ub)
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Figure 2. Chromatograms of phenolic compounds in colored barley: (a) standards of phenolic compounds; (b) black; (c) blue; (d) purple. Peaks: (1)
phloroglucinol; (2) gallic acid; (3) pyrogallol; (4) homogentisic acid; (5) protocatechuic acid; (6) chlorogenic acid; (7) catechin; (8) -resorcylic acid; (9)
vanillic acid; (10) syringic acid; (11) caffeic acid; (12) o-hydroxyphenylacetic acid; (13) p-coumaric acid; (14) rutin; (15) ferulic acid; (16) 3,4-dimethoxybenzoic
acid; (17) m-coumaric acid; (18) salicylic acid; (19) naringin; (20) hesperidin; (21) benzoic acid; (22) o-coumaric acid; (23) myricetin; (24) quercetin; (25)
trans-cinnamic acid; (26) naringenin; (27) kaempferol; (28) hesperetin; (29) formononetin; (30) biochanin A.

Table 1. Correlation? among Antioxidant Activity, Phenolics, and

Anthocyanins in Colored Barley

total total total pro- total

phenolic  flavon-  phenol- anthocy  antho-
DPPH acids oids ics anidins  cyanins

DPPH 0.38+  0.21* 0.37% 0.56***
total phenolic acids 0.47%* 0,920 520+ 0.41%*
total flavonoids 0.77¥*  0.28** 0.32%+*
total phenolics 0.50%**  0.43**
proanthocyanidins 0.58**

total anthocyanins

a* P <0.05; * P<0.01; ** P<0.001.

micrograms per gram of catechin in comparison with standaid (

catechin treated in the same conditions.

Quantitative Analysis of Anthocyanins.Analysis of anthocyanins

was conducted according to the modified method of Kim et2).(

The 11 anthocyanin standards, cyanidin, cyanidin-3-glucoside, del-
phinidin, delphinidin-3-glucoside, malvidin, malvidin-3-glucoside, pel-
argonidin, pelargonidin-3-glucoside, peonidin, peonidin-3-glucoside, and
petunidin, were purchased from Extrasynthese and used for calibration
curves. The standard stock solutions (100 ppm) were made with 80%
MeOH containing 0.1% HCI in a dark cold room. The other procedures
were the same as for the analysis of phenolic compounds.

Each 0.2 g powdered whole grain sample was added to 2 mL of
80% methanol containing 0.1% HCI in a conical flask (wrapped with
aluminum foil) for 24 h at £C. The mixture was centrifuged at 10@D0
for 10 min, and the supernatant was filtered through a Qb
membrane filter (nylon, Titan) and transferred to an amber glass vial.

A 20 uL sample of each filtrate was analyzed using a Waters 2695
Separations Module system equipped with a Waters 2487 #ual
absorbance detector at 520 nm with an injection volume wagl20
Separation was achieved with an XTerra RP1@&1fh 250 mmx 4.6
mm i.d.) column. The mobile phase was 5% formic acid in water
(solvent A) and water/acetonitrile/formic acid (50:45:5, v/vlv; solvent
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Table 2. Total Concentrations (Micrograms per Gram) of Phenolic Compounds in Colored Barley Groups

hulled unhulled
black 1 black 2 black 3 purple black blue purple LSD (0.05)
phenoalic acids
Phia 2.4 £7.0d 0.8+28d 3.6+104d 19.3+27.3c 46.3 +21.4ab 52.8 + 59.6a 34.2 +16.5bc 15.41
Gal 14.6 £ 0.5a 152+0.9a 15.0+ 1.0a 14.6 + 0.5a 156 £0.9a 15.7+£13.3a 15.7 + 1.6a 2.42
Pyr 15.7+£8.0a 19.7+4.4a 23.3+11.0a 15.2+0.4a 21.8+11.0a 222+3.1a 22.5+9.0a 8.96
Hom 55+3.3c 7.8 = 4.3abc 10.3 + 4.5ab 7.2+ 14ab 11.3+5.1ab 11.9+0.4a 9.8+ 2.7ab 4.24
Pro 8.1+6.6a 7.7+54a 132+57a 8.6+ 1.8a 93+17a 122+ 7.4a 10.7 £ 7.0a 6.28
Chl 30.0+7.1ab 33.3+9.4ab 38.8+12.7a 25.0+2.6b 29.2 +6.2ab 35.6+6.1a 30.6 +6.1ab 10.16
Res 45+1.8b 40+1.0b 51+4.3b 6.3+2.0b 40+13b 195+ 18.7a 41+2.0b 4.18
Van 0.5+0.8b 04 +0.5b 0.3+0.8b 0.4 +0.6b 0.2+0.3b 9.3+9.0a 11+14b 1.71
Syr 0.0+0.1b l4+11a 0.0+0.2b 0.20
Caf 103+ 2.3a 10.3+2.5a 8.4+48a 11.1+0.5a 116+1.1a 11.0+0.4a 8.1+5.1a 3.86
Hyd 0.1+0.3a 0.1+0.5a 0.1+0.1a 0.2+0.7a 0.43
pCo 3.4 +0.5ab 3.0+ 0.4bc 2.9+0.3cd 3.3+0.3ab 2.6+0.1d 35+0.9a 2.7+0.3cd 0.41
Fer 0.2+0.3b 0.2+0.2b 0.1+£0.2b 2.6 £3.5a 0.62
Dim 0.1+0.3c 0.1+0.3c 0.2+0.4c 1.9+ 2.6a 09+13b 0.2+0.4c 0.60
Sal 10.9+6.9b 11.0+7.0b 142+ 4.3b 15.8 £0.7b 16.4 + 0.6b 28.1+15.3a 155+ 4.1b 6.43
Ben 2.0£3.5¢ 4.4 +7.6c 1.9+1.6¢ 12.4 +9.5a 4.6 +£6.3bc 9.2+ 13.1ab 23+5.4c 6.11
Co 41+1.0c 3.8+13c 45+ 1.6¢c 104 +5.7a 4.3+0.2bc 5.2+ 1.2bc 75+4.7b 2.46
total 1123+236e  121.8+17.3cd  142.0+30.6cd  151.5+20.0bc  177.2+24.4b 241.3+62.2a 165.2 + 30.6bc 28.74
flavonoids
Cat 17.7 £ 6.0ab 17.6 £ 6.7ab 16.7 + 6.9ab 13.1+£3.3b 16.8 + 6.1ab 23.8+13.3a 20.0 +10.3ab 7.90
Rut 32+17a 3.0+1l4a 37+22a 46+12a 07+11b 46+29a 34+27a 2.10
Nar 0.0£0.0a 0.1+0.2a 0.1+0.2a 0.1+0.2a 0.17
Hes 04+13b 0.2+0.7b 0.2+0.8b 2.4 +3.4a 1.0+1.5b 0.4+1.0b 1.13
Myr 28.0+1.1c 27.7+1.0c 27.7+1.1c 39.1+13.6a 33.4+8.6b 42.6 +16.0a 31.4+22bc 4.29
Que 17.4+1.1b 17.1+£3.0b 17.4+0.7b 19.3+2.0b 14.8 £ 6.0b 66.6 + 69.8a 17.9+1.6b 11.76
Kae 12.7+£2.0b 12.3+0.6b 12.2+0.90b 13.4+£2.1b 11.9+0.2b 23.9+16.9a 13.1+£2.3b 3.14
total 79.3+8.4b 78.1+7.9b 77.9+7.9b 91.9+19.9b 77.6 +10.2b 162.5+98.3a 86.3+12.8b 18.99
total phenolic 191.6 + 26.2c 199.9 + 20.2c 220.0 +34.7hc 243.4+15.2b 254.7 + 26.1b 403.8 £ 144.9a 251.4 +38.0b 39.02

compounds

@ Phl, phloroglucinol; Gal, gallic acid; Pyr, pyrogallol; Hom, homogentisic acid; Pro, protocatechuic acid; Chl, chlorogenic acid; Res, 3-resorcylic acid; Van, vanillic acid;
Syr, syringic acid; Caf, caffeic acid; Hyd, o-hydroxyphenylacetic acid; pCo, p-coumaric acid; Fer, ferulic acid; Dim, 3,4-dimethoxybenzoic acid; Sal, salicylic acid; Ben,
benzoic acid; oCo, o-coumaric acid; Cat, catechin; Rut, rutin; Nar, naringin; Hes, hesperidin; Myr, myricetin; Que, quercetin; Kae, kaempferol. © Means in the same column

with different letters are significantly different (p < 0.05).
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Figure 3. Content of proanthocyanidins in colored barley groups: Hb1l,
hulled black 1; Hb2, hulled black 2; Hb3, hulled black 3; Hp, hulled purple;
Ub, unhulled black; Us, unhulled blue; Up, unhulled purple.

B). The following gradient was used: 0 min, 25% B in A; 10 min,
27% B in A; 44 min, 33% B in A; 50 min, 100% B in A. Run time
was 50 min, and the flow rate was maintained at 0.9 mL/min.

Measurements of Antioxidant Activity. Extracts for the determi-

Residues were dissolved in 80% methanol to make a 1% solution
(w/v) and then kept in a refrigerator until required for analysis.

The free radical scavenging capacity of grain extracts was measured
using stable DPPH radicals according to the method of Yoshida et al.
(23). Whole grain flour extracts (0.25 mL) were added to 2.5 mL of
0.35 mM DPPH in 50% ethanol. The mixture was gently homogenized
and left at room temperature for 1 min in the dark. Absorbance of the
reaction solution was measured spectrophotometrically at 517 nm. The
percentage of DPPH inhibition of the sample was calculated according
to the equation

DPPH radical scavenging activity (%)
[(ABScomroI_ ABSsampIQ/ABScomroil x 100

Statistical Analyses Analyses of variance of results were performed
using both the general linear model and the cluster procedure using
the Ward method from SAS statistical software, version 24).(Results
reported in this study are averages of three replications. Comparisons
of anthocyanins, proanthocyanidins, phenolic acids, and flavonoids
contents and DPPH radical scavenging activity were carried out with
least significant difference (LSD) tests at a 0.05 probability level.

RESULTS AND DISCUSSION

Classification of Colored Barley. Barley can be classified
as black, blue, and purple on the basis of lemma, pericarp, and
aleurone color. The results of colored barley classifications are

nation of DPPH radical scavenging activity were prepared by mixing Presented iffrigure 1 and Supporting Information Table 1. First,

5 g of ground whole grain samples with 100 mL of 80% methanol. barley was divided into black, blue, and purple groups by
The mixture was stirred at room temperature for 24 h and then filtered macroscopic classifications. Following this, instrumental color
through a Whatman no. 42 filter paper. The filtrate was evaporated at measurements of colored barley were performed for classifica-
below 30°C and concentrated to a powder using a freeze-dryer. tions within the hulled black group. The values had a high
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Figure 4. Chromatograms of anthocyanins in colored barley: (a) standards of anthocyanins; (b) black; (c) blue; (d) purple. Peaks: (1) delphinidin-3-
glucoside; (2) cyanidin-3-glucoside; (3) pelargonidin-3-glucoside; (4) peonidin-3-glucoside; (5) malvidin-3-glucoside; (6) delphinidin; (7) cyanidin; (8) petunidin;
(9) pelargonidin; (10) peonidin; (11) malvidin.

positive correlation with thé values (0.84***). TheL andb Composition of Phenolic Compounds in Colored Barley.
values, which indicate the relative lightness and yellowness of Phenolic compound profiles were analyzed in 127 colored barley
the sample, respectively, were standard classifications in hulledlines (Figure 2). Total concentrations of phenolic compounds
black barley. These lines were divided into three groups using in colored barley varied from 191.6 to 403.8/g (Table 2).

the Proc Ward minimum variance method in the SAS system The total average contents of phenolic compounds in the
because they were virtually identical under macroscopic clas- unhulled groups (268.6g/g) were significantly higher than that
sification. Thea values (redness) were highest in the purple in the hulled groups (207.2g/g). Total average contents of
barley group. This result was similar to that observed with phenolic compounds in the blue and purple groups (269/5
colored rice 22). Barley was placed into seven groups: hulled g) were significantly higher than that of the black groups (209.1
black 1 (Hb1), 2 (Hb2), and 3 (Hb3); hulled purple (Hp); w«g/g). In the Hb groups, total average contents of phenolic
unhulled black (Ub); unhulled blue (Us); and unhulled purple compounds of the anthocyanin-containing lines were signifi-
(Up). cantly higher than that in the non-anthocyanin-containing lines.
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Table 3. Total Average Concentrations (Micrograms per Gram) of Anthocyanins? in Colored Barley Groups

group Delg Cyag Pelg Peog Malg total

hulled black 1 42.4 +23.90P 8.6+ 11.3b 20.3 +13.0bc 49+ 10.4b 0.8+3.4c 77.0+51.9b
hulled black 2 39.0+15.3b 12.3+9.4b 16.5+11.5h 5.6+ 12.5b 0.6 +3.5¢ 74.0 £ 36.1b
hulled black 3 22.3 +14.5hc 21.2+19.9b 12.1+£10.1c 3.3+6.1b 1.0+ 3.6c 59.8 + 31.0b
hulled purple 22.5+10.8bc 239.3+153.4a 42.2 +24.0a 32.7+19.3a 13.7+11.6b 350.3 £ 216.7a
unhulled black 31.6 £24.7hc 24.1 £6.6b 17.8 £ 12.2hc 8.0+ 9.6b 3.0+ 7.4bc 84.5+37.2b
unhulled blue 167.6 £ 90.5a 54.8 + 25.8b 41.4+29.2a 35.2+£27.0a 38.6 + 28.6a 337.6 £152.4a
unhulled purple 147+ 11.4c 210.7£172.9a 35.6 + 24.9ab 37.5+32.0a 14.3+19.3b 312.7+244.3a
LSD (0.05) 26.45 91.64 18.36 20.04 12.01 137.39

2 Delg, delphinidin-3-glucoside; Cyng, cyanidin-3-glucoside; Pelg, pelargonidin-3-glucoside; Peog, peonidin-3-glucoside; Malg, malvidin-3-glucoside. ? Means in the same

column with different letters are significantly different (p < 0.05).

In this experiment, Ub groups had the highest concentration of

phenolic compounds.

Content of Proanthocyanidins in Colored Barley. The
content of proanthocyanidins varied from 15.8 to 13ig#g

Contents of phenolic compounds differed in each group: these of catechin. The highest level occurred in Shiras in the Up group,

are presented ifable 2. Among the 30 phenolic compound

whereas the lowest was SLB34-65 in the Hb2 group. The

standards, 17 phenolic acids and 7 flavonoids were detected incontent of proanthocyanidins in the unhulled barley groups (75.9

this study Table 2). Although biochanin Afrans-cinnamic acid,

1g/g of catechin) was higher than that in the hulled barley groups

m-coumaric acid, formononetin, hesperetin, and naringenin were (56.2g/g of catechin). The blue and purple groups (83y0y
detected in all barley groups, they were not quantified becauseof catechin) contained significantly higher amounts than those

of poor resolution or low levels.
The total content of phenolic acids varied from 90.2 to 287.4

in the black groups (55.89/g of catechin) Figure 3). In the
Hb groups, contents of proanthocyanidins of the anthocyanin-

ug/g. Total average phenolic acids content in the Ub group was containing lines (52.6:g/g catechin) were significantly lower

significantly different from that of other groups at the 0.05
probability level. Chlorogenic acid and phloroglucinol were

than those in the non-anthocyanin-containing lines (6@/49
of catechin). In comparison among hulled black groups, group

present in hulled and unhulled groups as the major compounds,3 had a significantly higher level than group 1. The content of

respectively. All barley groups had very low concentrations of
syringic acido-hydroxyphenylacetic acid, ferulic acid, and 3,4-
dimethoxybenzoic acid. However, Zielinski et al. (25) reported
that ferulic acid is the dominant phenolic acid found in wheat,
barley, and rye. Ferulic acid is a major low molecular weight
phenolic in barley (26), and genetic or cultivar differences in
its content could result from differences in caryopsis structure
(27). In the Hb groups, grain color was darker and they
contained higher concentrations of phenolic acids>(0.05).
Compared to unhulled, hulled groups contained significantly
lower concentrations of phloroglucinol, homogentisic acid,
vanillic acid, syringic acid, salicylic acid, aracoumaric acid.

In contrast,p-coumaric acid was high. The concentrations of
phloroglucinol acid, vanillic acid, syringic acid;hydroxyphe-
nylacetic acid, 3,4-dimethoxybenzoic acid, salicylic acid, and
o-coumaric acid in the blue and purple groups were significantly
higher than those in the black groups.

The total content of flavonoids varied from 62.0 to 300.8
uglg. Total average flavonoid content in the Us group was
significantly different from that of other groups. However, there
is no significant difference among the Hb groups. In all groups,
there was no significant difference in rutin and naringin contents.

In colored barley, myricetin was the main flavonoid, followed

proanthocyanidins had a high positive correlation with the
content of total phenolic acid (0.52***), flavonoids (0.28**),
and anthocyanins (0.58***) (Table 1).

Composition of Anthocyanins in Colored Barley. The
highest efficiency in extracting pigments from colored barley
was in a solution of 80% MeOH that contained 0.1% HCI. As
such, colored barley was extracted with this method to detect
the UV—vis absorption spectrum of pigment compounds. The
acidic alcohol extract was determined at an absorbance of 200
700 nm. Colored barley lines possessed maximum absorption
near 520 nm except for some of the black lines. Therefore, the
total anthocyanin composition in anthocyanin-containing lines
was determined using HPLEigure 4). Results of anthocyanin
concentrations of different barley groups are presentdabie
3. The aglycon forms of anthocyanins, cyanidin, delphinidin,
pelargonidin, peonidin, malvidin, and petunidin, were not
detected in colored barley.

The total concentration of anthocyanins in the colored barley
varied from 13.0 to 1037.89/g. The highest concentration was
detected Shiras in the Up group, whereas the lowest was SLB34-
65 in the Hb2 group. Total average concentrations of antho-
cyanins in the blue and purple groups (32Q:§/g) were

by (+)-catechin and quercetin. In contrast, the colored barleys Significantly higher than those in the black group (48dlg).
contained only traces of naringin and hesperidin. Flavan-3-ols Jende-Strid (29) reported that yellow, blue, and black barley
constitute the major class of phenolics in barley and appear in varieties contain delphinidin and cyanidin and that purple

both monomer [{)-catechin and-{)-epicatechin] and polymer
forms [unit of (#)-catechin and-)-gallocatechin]. They are
considered to be primary antioxidants that react with lipid
radicals to convert them to more stable produ@8)( The

varieties also contain pelargonidin. Abdel-Aal et aD)(reported
that only two anthocyanins, cyanidin 3-glucoside (1g2g) and
petunidin 3-glucoside (2,89/9), were detected in the blue barley
(cv. Tankard). In the present study, delphinidin and pelargonidin

myricetin and kaempferol contents in the unhulled groups were were detected and petunidin was not detected in the blue and
higher than that of the hulled groups. In comparison with other black groups. The most common anthocyanin in the purple

groups, the concentrations of quercetin and kaempferol in thegroup was cyanidin 3-glucoside (214:8y/g), followed by

Us group and that of hesperidin in Hp groups were significantly peonidin 3-glucoside and pelargonidin 3-glucoside, being about
high. Compared to the black groups, the concentrations of 50—79% of the total anthocyanins, whereas delphinidin 3-glu-

naringin, quercetin, and kaempferol in the blue and purple coside was the most abundant anthocyanin in the blue (167.6
groups were significantly different. 1a/g) and black (36.@g/g) barley groups. In all black groups,
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80 anthocyanins could be used as important components of foods
produced by colored barley, and these colored barley germ-
plasms could be good resources in breeding of functional cereals.

Supporting Information Available: List and characteristics
of the barley germplams used in this study. This material is

70 available free of charge via the Internet at http://pubs.acs.org.

LITERATURE CITED

(1) Bhatty, R.S. Barley for food and malt. IEC/SCF International

DPPH radical scavenging activity (%)

Symposium, Uppsala, Sweden; 1992; pp 88—92.
(2) Thompson, L. U. Antioxidant and hormone-mediated health
60 benefits of whole grainsCrit. Rev. Food Sci. Nutr1994,34,
WA VA W Bl B e 473-497.
b2 Hb3 Hp Ub Us Up (3) Truswell, A. S. Cereal grains and coronary heart diselase.
Giiips J. Clin. Nutr.2001,55, 137—143.
) ) ) . (4) Slavin, J. L. Why whole grains are protective: biological
Figure 5. DPPH radical scavenging activities in colored barley groups mechanismsProc. Nutr. Soc2003,62, 129—134.
Hbl hU”ed blaCk 1, Hb2 hU"ed black 2, Hb3 hU”ed b|aCk 3, Hp hU"ed (5) ROSS, A. B’ Kama'_E|din, A’ Aman' P. Dietary a|ky|resorci_
purple, Ub: unhulled black, Us: unhulled blue, Up: unhulled purple. nols: absorption, bioactivities, and possible use as hiomarkers
of whole-grain wheat- and rye-rich foodsutr. Re».2004,62,
peonidin 3-glucoside and malvidin 3-glucoside were detected, 81—95.
but they were not quantified because of poor resolution or low  (6) Decker, E.; Beecher, G.; Slavin, J.; Miller, H. E.; Marquart. L.
levels. Whole grain as a source of antioxidan®ereal Foods World
Antioxidant Activity in Colored Barley. The antioxidant 2002,47, 370-373.

properties of phenolic compounds are somewhat associated with () St‘?:j”me_tzl* K. CA'; POtteCr' J. D'gegetiggs';”g; a"g cancer. .
the number of OH groups found in their molecular structures. @® EE;&EIOFO%A Cirllc‘:ﬂrlzoizs;ﬁengﬁg o cll%nl)mi?;ugzéhin ,
Phenolic acids have been shown to possess high antioxidant - e ’ g

o . . - Basel, Switzerland, 1995.
activity. Flavonoids and anthocyanins also have antioxidant (9) Manach, C.; Scalbert, A. C.: Morand, C.:Resy; Jiménez, L.

activity. The DPPH radical scavenging activities of the colored Polyphenols: food sources and bioavailabilityn. J. Clin, Nutr
barley groups are shown iRigure 5. In colored barley, the 2000,79, 727—747.

DPPH radical scavenging activities varied from 46.4 to 86.3%. (10) Goupy, P.; Hugues, M.; Boivin, P.; Amiot, M. J. Antioxidant
The highest radical scavenging activity of varieties and lines composition and activity of barley (Hordeusalgare) and malt
was found in D.S.B-547 (86.3%, in the Hb3 group), and the extracts and of isolated phenolic compountisSci. Food Agric.
lowest activity was found in D.S.B-61 (46.4%, in the Hb3 1999,79, 1625—-1634.

group). Average radical scavenging activity in the unhulled ~(11) Hernanz, D.; Nufiez, V.; Sancho, A. 1. Faulds, C. B.; Williamson,

barley groups (66.5%) was higher than that of hulled barley G, Bartolomé, B.; Gomez-Cordoveés, C. Hydroxycinnamic acids
(63.5%). Highest DPPH activity was in the Us group (68.5%), and fe_rullc acid dehydrodimers in barley and processed barley.
and the lowest activity was in the Hp group (62.4%). The radical J. Agric. Food Chem2001,49, 48844888,

. - .. (12) Cook, N. C.; Samman, S. Flavonoids—chemistry, metabolism,
scavenging activity among colored barley groups was not signi- cardio-protective effects, and dietary sourclsitr. Biochem

ficantly different. However, in unhulled barley, the purple groups 1996,7. 66-76.

contained higher total average contents of anthocyanins than (13) Decker, E. AFood Lipids: Chemistry, Nutrition, and Biotech-
did that of the black groups, and the DPPH radical scavenging nology; Dekker: New York, 1998.

activity of purple (67.4%) groups was higher than that of the (14) Harborne, J. B.; Williams, C. A. Advances in flavonoid research
black (63.5%) groups. This result indicates that antioxidant since 1992Phytochem2000, 55, 481—-504.

capacity is related to the concentration of phenolic compounds (15) Rice-Evans, C.-A.; Miller, N. J.; Bolwell, P. G.; Bramley, P.
such as chlorogenic acid, 3,4-dimethoxybenzoic acid, homogen- M.; Pridham, J. B. The relative antioxidant activities of plant-

derived polyphenolic flavonoiddree Radical Res1995, 22,
375—383.

(16) Santos-Buelga, C.; Scalbert, A. Proanthocyanidins and tanninlike
compounds—nature, occurrence dietary intake and effects on

tisic acid, protocatechuic acid, and rutin. DPPH radical scaveng-
ing activity had high positive correlation with the content of
phenolic compounds and proanthocyanidins (Table 1).

Barley grains are used as components in various foods, and yrition and healthd. Sci. Food Agric2000,80, 1094—1117.
barley meals and fractions are now gaining renewed interest as (17) Rivas-Gonzalo, J. C. Analysis of anthocyaninsMathod in
ingredients in the production of functional foods such as in pasta Polyphenol; Santos-Buelga, C., Williamson, G., Eds.; The Royal
and baked product81). Devreux 82) reported that the presence Society of Chemistry: London, U.K., 2003; pp 338—358.
of anthocyanins may be an important characteristic in the barley (18) Mazza, G.; Miniati, EAnthocyanins in Fruits, Vegetables and
varieties used for beer production. In fact, when colored barley Grains; CRC Press: Boca Raton, FL, 1993.
is fermented into beer, the resulting product has a pinkish hue (19) Takahashi, R. The origin and evolution of cultivated barley. In
that has to be removed by a clarification treatment. Although Advances in Genetics, 7th ed.; Demerec, M., Ed.; Academic

Press: New York, 1955; pp 227—266.

anthocyanins have an adverse effect in some foods, they can (20) Chung, I. M.: Hong, S. B.: Peebles, C. A. M. Kim, J. A.: San,

still be used as functlo_nal and healthy food materla!s. At present, K. Y. Effects of the engineered indole pathway on accumulation
other colored wheat, rice, and corn are used as various functional of phenolic compounds irCatharenthus roseusiair roots
foods or functional food colorants. Moreover, phenolic com- Biotechnol. Prog2007,54, 4696—4704. '
pounds and proanthocyanidins also have potent antioxidant (21) sun, B. S.; Ricardo da Silva, J. M.; Spranger, I. Critical factors
capacity and possible protective effects on human health. These of vanillin assay for catechins and proanthocyanidihsAgric.
results suggest that phenolic compounds, proanthocyanidins, and Food Chem1998,46, 4267—4274.



Colored Barley Germplasm J. Agric. Food Chem., Vol. 55, No. 12, 2007 4809

(22) Kim, Y. D.; Ha, K. Y.; Lee, K. B.; Shin, H. T.; Cho, S. Y. (28) Pratt, D. E.; Hudson, B. J. F. Natural antioxidants not exploited

Varietal variation of anthocyanin content and physicochemical commercially. InFood Antioxidant; Hudson, B. J. F., Ed.;

properties in colored ric&orean J. Breed1998 30, 305-308. Elsevier: New York, 1990; pp 171—-191.
(23) Yoshida, T.; Mori, K.; Hatano, T.; Okumura, T.; Ushara, |.; (29) Jende-Strid, B. Mutation affecting flavonoid synthesis in barley.

Komagoe, K.; Fujita, Y.; Okuda, T. Studies on inhibition Carlsberg Res. Commui978,43, 265—273.

mechanism of autooxidation by tannins and flavonoids. V. (30) Abedel-Aal, E.-S. M.; Young, J. C.; Rabalski, I. Anthocyanin

Radical scavenging effects of tannins and related polyphenols composition in black, blue, pink, purple, and red cereal grains.

on 1,1-diphenyl-2-picrylhydrazyl radicaChem. Pharm. Bull J. Agric. Food Chem2006,54, 4696—4704.

1989,37, 1919-1923. (31) Marconi, E.; Graziano, M.; Cubadda, R. Composition and
(24) SAS. SAS version 9.1; SAS Institute, Cary, NC, 2001. utilization of barley pearling byproducts for making functional
(25) Zielinski, H.; Koztowska, H.; Lewczuk, B. Bioactive compounds pastas rich in dietary fiber angtglucans.Cereal Chem2000,

in the cereal grains before and after hydrothermal processing. 77, 133—139.

Innovative Food Sci. Emerging Techn@001,2, 159—169. (32) Devreux, A. Development of anthocyanins during brewing.
(26) Nordkvist, E.; Salomonssen, A.; Aman, P. Distribution of Brass. Malt. Belg1961,11, 137—145.

insoluble bound phenolic acids in barley gralnSci. Food Agric.

1984,35, 657—-661. Received for review January 22, 2007. Revised manuscript received

(27) Zupfer, J. M.; Churchill, K. E.; Rasmusson, D. C.; Fulcher, R.  April 4, 2007. Accepted April 4, 2007.
G. Variation in ferulic acid concentration among diverse barley
cultivars measured by HPLC and microspectrophotomelry.
Agric. Food Chem1998,46, 1350—1354. JF0701943



