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ABSTRACT The cereal grain crops have strong flexibility
against adverse environment and they have various functional
compounds. The objective of the present study was to screen
phenolic compounds in sorghum [Sorghum bicolor (L.) Moench],
foxtail millet (Setaria italica), common millet (Panicum
miliaceum L.) by high performance liquid chromatography
(HPLC) with photodiode array (PDA) detector. Sorghum
contained the highest amount of phenolic compounds among
three different crops (sorghum, foxtail millet, common millet).
Especially Moktaksusu showed the highest amount of phenolic
compounds concentrations and biggest regional differences.
The comparison of average phenolic compounds in sorghums
by regions showed order to Milyang (963.3 ng-g"), Yeongyang
(923.1 pg-g"), Gijang (831.3 pg-g") and Bonghwa (735.6
ng-g"). Among the sorghum cultivars, Moktaksusu (1407.9
tg-g") had the highest concentration of phenolic compounds.
The average phenolic compounds of foxtail millets showed
similar amount among Milyang (319.0 ug-g’l), Gijang (288.1
ug-g'l) and Bonghwa (281.9 ug-g'l) areas. The phenolic
compounds of Yeongyang (246.6 ug- g']) slightly low and
that showed similar concentrations among three different
regions. The concentration of phenolic compounds in foxtail
millets, Chungchajo (335.6 ug-g'l) showed the highest con-
centrations. The average phenolic compounds of common
millets showed the highest concentrations in Milyang (305.5
ng-g'), Bonghwa (262.0 pg-g"), Gijang (195.1 ug-g"),
Yeongyang (237.2 ug-g") in decreasing order. The concent-
ration of phenolic compounds of common millets was the
highest in the Norangchalgijang (337.0 ug- g'l), Hwanggumgijang
(250.0 ug-g'l) was also relatively higher than others. The
results of this study will provide basic information for breeding
sorghums, foxtail millets and common millets with higher
phenolic compound concentrations.
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Cereals such as sorghum [Sorghum bicolor (L.) Moench],
foxtail millet (Setaria italica), common millet (Panicum
miliaceum L.), and others were attention to people. The 21
century people’s life is very stabilized and also increased
about health care. In this regard cereal’s value is really high.
Many people always dream about maintenance of youth
extension of life. To meet the needs of these human eager
that research has been conducted in different direction. One
such study is the access from the diet. Some of the specific
substances can help about human health and maintained
the youth that have revealed through various researches
(Harbone and Williams, 2000). And other study helps lower
risk of cardiovascular disease, ischemic stroke, type II diabetes,
metabolic syndrome, and gastrointestinal cancers. Those
substances are anthocyanidin, flavonoids, isoflavones and
some kind of plant secondary metabolite. Of these materials,
the phenolic compounds are representative of a plant secondary
metabolites (Naczk and Shaahidi, 2004).

Cereals like foxtail millet and sorghum were consumed
as whole grain. Such consumption pattern has helpful to
prevent about some kind of disease (cardiovascular disease,
ischemic stroke, type II diabetes, metabolic syndrome, and
cancers) (Jones, 2006; Maggiolini ef al., 2005). Epidemiological
evidence shows that increased levels of fruit and vegetables
in the diet reduce the risk of cancer and heart disease (Block
et al., 1992; Nothling et al, 2007). Numerous studies show
that the high correlations were observed between total phenols
and antioxidant activity (Dykes and Rooney, 2007).

Recent studies showed that fruits and various vegetables
were revealed antioxidant activities and very effective about
oxidative damage diseases such as coronary heart disease,
stroke and cancers (Jacob and Burri, 1996; Paganga ef al.,
1999; Huang and Ferraro, 1992; Powles and Ness, 1996;
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Block et al., 1992). One area of work has been in trying to
elucidate the role of antioxidants and free radical scavengers
in reducing the severity of degenerative diseases. Free radicals
have been implicated in playing a role in over 100 diseases,
including cancer there is currently only proof that free radicals
are involved in the pathogenesis of a few diseases (Kehrer,
1993; Stohs et al., 1995; Thomas, 1995). Specially, sorghums
had strong radical scavenging activity and inhibitory activity
aginst bacteria (Kil et al., 2009). The possible health benefits
of specific phenolic compounds such as remain unproved as
exists for all types of phenolic compounds (Rebecca, 2003).
All cereal grains containing the phenolic compounds, which
are located in the pericarp, testa, aleurone layer, and endosperm
(Hahn et al., 1983). Research indicates that phenolic com-
pounds may reduce the risk of cardiovascular disease and
cancer.

Since phenolics are virtually ubiquitous in plant material
and may occur at very high levels, it seems likely that, given
a sufficient bioavailability, these compounds will play a
major role in determining the antioxidant potential of food
stuffs.

As more work has been carried out, many more specific,
targeted roles for phenolics have also been identified. Many
flavonoids in particular are also able to modulate the activity
of key human enzymes such as tyrosine kinases (Sharma
et al., 1994). Phenolic compounds are a group of chemical
substances found in plants, characterized by the presence
of more than one unit or building block. They are generally
divided into phenolic acids, flavonoids, condensed tannins,
and lignans. Phenolic acids are divided into benzoic acid,
cinnamic acids, and others. They were included in all cereal
grains. Flavonoids are more than 5,000 and have been iden-
tified in nature. Phenolic compounds are divided into hydroxy-
benzoic acids and hydroxycinnamic acids. Hydroxybenzoic
acids include gallic, protocatechuic, gentisic, p-hydroxybenzoic,
vanillic, syringic, veratric, benzoic, and [resorcylic acids
(Hahn et al., 1983). Hydroxycinnamic acids include chlorogenic,
caffeic, p-coumaric, ferulic, m-coumaric, o-coumaric and
t-cinnamic acids. Flavonoids can divide into anthocyanins,
flavanols, flavones, flavanones, and flavonols. Flavanols include
myricetin and quercetin. Flavanones include rutin, hesperidin,
naringenin, hesperetin and naringin. Anthocyanins include

cyanidin, cyanidin-3-glucoside, delphinidin, malvidin, malvidin-

3-glucoside, pelargonidin, pelargonidin-3-glucoside, peonidin,
peonidin-3-glucoside, and petunidin (Yao et al., 2004).
Anthocyanins are type of flavonoids that are water-soluble
materials of colors like blues, purples, and reds in plant.
These compounds exist in the pericarp (Naczk and Shaahidi,
2004).

Some phenolic compounds have been associated with color,
sensory qualities, and nutritional and antioxidant properties of
foods (Maga, 1978). One impetus for analytical investigations
has been the role these phenolics have in the organoleptic
properties of foods (Peleg et al, 1991; Naim et al, 1992;
Tan, 2000). Variation of phenolic compounds according to
seed colors was shown in previous study (Lee et al., 2010).

Phenolic compounds together with the physical plant structures.
The potential differential effects of elevated atmospheric carbon
dioxide and temperature can affect to plant growth and
chemistry (Veteli et al., 2002).

This study was carried out to investigate the different
concentrations of phenolic compounds in Korean 5 sorghums,
5 foxtail millets and 5 common millets which were cultivated

at the four different regions of Korea.

MATERIALS AND METHODS

Samples Preparation for Analysis

The samples used in this experiment were 5 sorghums
[Sorghum bicolor (L.) Moench], 5 foxtail millets (Setaria
italica) and 5 common millets (Panicum miliaceum L.). The
sixty cereal grains were cultivated and harvested at four site:
Bonghwa (Gyeongsangbuk-do, 15 cultivars), Yeongyang
(Gyeongsangbuk-do, 15 cultivars), Milyang (Gyeongsangnam-do,
15 cultivars), and Gijang (Busan, 15 cultivars) in Korea. 4
cultivation regions have suitable climate conditions for growing
of sorghum, foxtail millet and common millet (Fig. 1). Each
of the cereal grains were separated by varieties and regions
(Table 1) and stored at dry keeper (SANPLATEC Corp.)

for the analysis of phenolic compounds.

Color Measurements of Samples

The color value of cereal grains was determined by using
a Minolta Chromaticity Meter CR-310 (Konica Minolta, Osaka,
Japan). The color testing method used was the CIE-Lab

method where L stands for lightness, and a, b stand for
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Fig. 1. Regional climate conditions during crop growth.
A; Precipitation, B; Temperature

Table 1. List of the samples and their chromaticity.

chromaticity. The sign of a and b indicate color direction:
+a is the direction to red, -a is direction to green, +b is

direction to yellow and -b is direction to blue (Table 1).

Sample Preparation for Phenolic Compounds Analysis

Each cereal grains were freeze-dried below -40C under
vacuum to prepare the sample that have been used for these
experiments and then ground. The ground samples (2 g) were
mixed with 2 mL of 0.1 N HCI and 10 mL of acetonitrile
(ACN), stirred for 2 h at room temperature, and filtered
through a No. 42 filter paper (Whatman, USA). The filtrate
was concentrated to dryness under vacuum at temperature
(25°C). The concentrated samples were redissolved in 10
mL of 80% aqueous methanol (HPLC grade J. T. Baker,
USA). A aliquot samples were filtered through a 0.45 pum
filter (TITAN syringe filter nylon membrane). The filtrate
was used for the HPLC analysis.

HPLC Conditions for Phenolic Compounds Analysis
The high performance liquid chromatography (HPLC) system
was used in a SHIMADZU HPLC system equipped with
the SPD-M10A Photo Diode Array detector (Japan), Midas

autoinjector (Hamilton, Netherlands), and a 20 pl sample

Growing region (in Korea)

Crops Varieties Bonghwa Yeongyang Milyang Gijang
L a b L a b L a b L* a¥* bE*
Moktaksusu 4592 +13.24 +2420 47.46 +12.2 +25.30 45.54 +12.42 +23.30 47.75 +13.40 +17.87
Tojongsusu 59.32  +58 +17.31 56.54 +6.53 +19.93 60.27 +4.42 +15.56 5839 +599 +20.66
Sorghum Hwanggumsusu 43.61 +13.1 +0.70 44.73 +12.67 +21.94 40.60 +14.24 +19.67 40.87 +13.60 +20.66
Hwanggumchalsusu ~ 43.62 +13.48 +21.25 46.67 +12.50 +23.31 39.22 +13.77 +18.25 41.86 +13.37 +21.76
Whenchalsusu 61.48 +539 +24.54 59.50 +5.76 +2429 59.40 +4.92 +22.09 5747 +524 +20.89
Hwanggumjo 59.76  +6.26 +2931 5933 +5.79 +27.90 59.04 +6.31 +27.47 59.56 +5.94 +28.55
) Jaeraejo 65.82 +5.20 +29.52 61.77 +545 +27.86 61.66 +6.08 +28.72 59.78 +4.53 +25.44
lig?l;a;l Chungchajo 5726 +2.58 +23.04 58.32 +2.74 +24.61 5649 +3.05 +23.72 56.64 +2.61 +21.70
Whachunchajo 62.57 +5.93 +29.46 58.75 +5.64 +28.79 6294 +7.25 +3195 62.14 +6.69 +31.28
Bulgeunjo 59.46 +2.65 +23.66 59.21 +3.25 +2540 5845 +3.71 +24.76 55.08 +3.83 +23.39
Hwanggumgijang ~ 26.89 +9.84 +9.66 45.02 +9.08 +3325 29.35 +9.41 +10.52 29.75 +8.51 +10.77
Bulgeungijang 4519 +19.27 +33.26 5549 +12.71 +29.97 4542 +19.27 +33.37 42.84 +19.07 +31.32
Cfﬂ“ﬁ?;?n Norangchalgijang ~ 64.58 +7.10 +23.94 6590 +6.68 +24.14 68.74 +6.81 +25.14 67.11 +6.62 +23.94
Jacracgijang (Pocheon) 54.72 +12.14 +30.64 44.16 +18.45 +32.46 58.05 +12.52 +32.50 58.01 +12.20 +30.83
Jaeraegijang 4492 +19.41 +3395 29.82 +9.44 +11.77 3991 +10.41 +17.73 39.21 +10.59 +17.93

*L; lightness, **a; (+) red to (-) green, ***b; (+) yellow to (-) blue
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loop. Analysis was primarily achieved on a YMC-Pack
ODS AM-303 (5 wum, 250 mm X 4.6 mm [.D.) column.
The absorbance of each sample solution was measured at
280 nm. The solvent gradient HPLC analysis was applied
using the modified method of Kim er al. (2006). The
mobile phase consisted of solvents A and B. The solvent
A was 0.1% glacial acetic acid in distilled water and solvent
B was 0.1% glacial acetic acid in acetonitrile and the flow
rate was 1 mL-min". The injection volume was 20 pl, the
linear gradient of HPLC solvent was followed; B was
increased from 8% to 10% for 2 min, then from 10% to
30% for 25 min, from 30% to 90% for 23 min, from 90%
to 100% for 2 min, and kept at 100% of B for 5 min,
before a return to the initiation state. The next sample was

injected after 15 min.

Standard Materials and Generation of Calibration

Curves

29 phenolic compounds were purchased from Sigma-Aldrich
(USA) and Extrasynthese (France) and those were dissolved
with dimethylsulfoxide (DMSO). The calibration curves for
standards were made from the serial dilution of samples
dissolved in dimethylsulfoxide (DMSO). The linear range
and the equation of regression were obtained high linearity
from 0.991 to 1.000 sequentially for each calibration at 10,
50, 100 ug-mL'l. All of the solvents were used as HPLC
grade (J.T. Baker, USA). The 29 phenolic compounds were
gallic acid, protocatechuic acid, vanillic acid, syringic acid,
veratric acid, benzoic acid, (resorcylic acid, chlorogenic
acid, caffeic acid, p-coumaric acid, ferulic acid, m-coumaric
acid, o-coumaric acid, #-cinnamic acid, myricetin, quercetin,
(+)catechin, rutin, hesperidin, naringenin, hesperetin, naringin,
formononetin, biochanin A, salicylic acid, homogentisic acid,

kaempferol, resveratrol and vanillin.

Statistical Analysis

A statistical analysis was undertaken using the general
linear model procedure (GLM) of the statistical analysis
system (SAS, 9.1) program. Comparisons among regional
and varieties were made at the 0.05 probability level using
least significant difference (LSD). All experiments were

repeated twice.

RESULTS AND DISCUSSION

Regional Comparison of Phenolic Compounds

Sorghum contained the highest amount of phenolic com-
pounds among three different species (sorghum, foxtail millet,
common millet).

Figure 2 exhibited variation of phenolic compounds con-
centrations in sorghum varieties. Among different regions,
the phenolic compounds concentration showed higher amount
in Yeongyang and Milyang regions of sorghums. The com-
parison of average phenolic compounds in sorghums grown
in different regions showed order to Milyang (963.3 ug-g'l),
Yeongyang (923.1 ug:* g'l), Gijang (831.3 ug:* g'l) and Bonghwa
(735.6 ug-g'l). Moktaksusu had the highest amount of phenolic
compounds concentrations and showed the biggest regional
differences. And, Yeongyang and Gijang regions were showed
big differences of phenolic compounds concentrations. Specially,
Gijang region had the highest minimum temperature and
the lowest maximum temperature. Bonghwa (1215.6 ug-g")
and Milyang (1507.8 pg- g'l) regions showed similar phenolic
compounds concentrations. However, Yeongyang (2067.6 pg- g'l)
and Gijang (840.7 ug-g") regions showed big differences.
In case of Hwanggumsusu, Gijang (1448.5 pg- g'l) region
had the highest concentration and Bonghwa (670.5 ug-g")
region revealed the lowest concentration of phenolic compounds.

Fig. 2. Comparison of phenolic compound concentrations in

sorghums in four cultivation regions. Each vertical bar
indicates the standard error values.
A; Total phenolic compounds in each varieties, B; Average
phenolic compounds of 5 sorghums total phenolic com-
pounds, 1; Moktaksusu, 2; Tojongsusu, 3; Hwanggumsusu,
4; Hwanggumchalsusu, 5; Whenchalsusu
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In Tojingsusu, Milyang region had the highest concentration
and Yeongyang region had the lowest concentrations of
phenolic compounds. Hwanggumchalsusu and Whenchalsusu
did not show a significant difference of phenolic compounds
concentrations according to different regions. In this study,
the concentrations of phenolic compounds revealed difference
between Yeongyang and Gijang regions. These differences
were caused by the concentration of (+)catechin. (+)Catechin
had the highest concentrations in Yeongyang region and
the lowest concentrations in Gijang area. However, as the
production of phenolic compounds composed of complex
reactions between the crops and growth conditions like average
temperature, rainfall and other various factors and it is hard
to select for high contained phenolic compounds varieties
in cereal germplasm.

Figure 3 showed variation of phenolic compounds concent-
ration in foxtail millet varieties. The foxtail millets average
phenolic compounds showed similar amount in the Milyang
(319.0 ug-g’l), Gijang (288.1 ug-g") and Bonghwa (281.9
ug-g'l) areas. The phenolic compounds of Yeongyang (246.6
ug-g'l) slightly low and that showed similar concentrations
in another three regions. There was not a relationship of
average phenolic compounds according to the regional difference
with climate. However, it can be found the relationship with
climate in Jaeraejo and Chungchajo. That two varieties showed
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Fig. 3. Comparison of phenolic compound concentrations in

foxtail millets in four cultivation regions. Each vertical
bar indicates the standard error values.
A; Total phenolic compounds in each varieties, B;
Average phenolic compounds of 5 foxtail millets total
phenolic compounds, 6; Hwanggumjo, 7; Jaeraejo, 8;
Chungchajo, 9; Whachunchajo, 10; Yeongjujo

the highest contents of phenolic compounds in Bonghwa region.
In the comparison of climates, Bonghwa region showed 18.6
degrees of minimum temperature during seed ripening. That
was 3 or more degrees lower than Milyang (21.7C) and
Gijang (21.9C) region and also 1 or more degrees lower
than Yeongyang (19.9°C) region (Fig. 1). It could be thought
of phenolic compounds were associated with temperature
during seed ripening.

The variation of phenolic compounds concentrations among
common millet varieties was recognized (Fig. 4). The con-
centration of phenolic compounds of common millet showed
the range from 305.5 |,Lg°g'l (Milyang) to 237.2 ug'g'1
(Yeongyang). It was hard to find associate with regional
phenolic compounds concentrations with temperature in common
millet. However, it can be associated with precipitation in
Norangchalgijang. Norangchalgijang in Gijang region had
small amount of phenolic compounds concentrations, and
that could be caused by rainfall. Gijang area showed the
highest precipitation. Especially, more than 900 mm of rain
fell in July (Fig. 1).

This results was supported by another previous study (Vetteli
et al., 2002). On the other hand, some materials were not
showed to significantly differences of some phenolic acids
including quercetin and tannins. Another research reported

that plant grown at low temperature, total concentrations of
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Fig. 4. Comparison of phenolic compound concentrations in

common millets in four cultivation regions. Each
vertical bar indicates the standard error values.
A; Total phenolic compounds in each varieties, B;
Average phenolic compounds of 5 common millets
total phenolic compounds, 11; Hwanggumgijang, 12;
Bulgeungijang, 13; Norangchalgijang, 14; Jaraegijang
(Pochun), 15; Jaeraegijang
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phenolic compounds during the early growth phase were lower
than that of plants grown at high temperature, but the con-
centrations increased and was by 40% higher than in plants
grown at high temperature (Rudikovskaya et al., 2008).
In this experiment, sorghum had significant differences of
phenolic compounds concentrations by regional differences.
Especially, Moktaksusu showed bigger differences than other
sorghum. That was due to the concentration of (+)catechin.
Yeongyang and Bonghwa region had much more (+)catechin
than another two regions. Those Yeongyang and Bonghwa
regions were had lower minimum temperature in July and
August than Gijang and Milyang region. That concentration
of (+)catechin in Moktaksusu was similar with Veteli.
However, chlorogenic acid was the lowest concentrations
in Bonghwa region. Yeongyang region showed the highest
contents and second order were Milyang and Gijang regions
(Table 2-5). The Milyang, Gijang, Yeongyang region of high
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concentrations chlorogenic acid were higher mean temperature
than Bonghwa region. The result of this experiment was
similar to that of Rudikovskaya et al., (2008), who reported
relationship between phenolic compounds concentration and
temperature.

When compared to phenolic compounds concentrations
with climate conditions it could not found any associated
with foxtail millet or common millet. On the other hand,
Norangchalgijang in Gijang region has little phenolic compounds
concentrations, and that could be caused by rainfall. Gijang
region has the highest precipitation. Especially, more than
900 mm of rain fell in July. It can be associated with
precipitation in Norangchalgijang. This results was supported
by another previous study (Vallejo et al, 2003) that was
the significantly reduce of phenolic compounds by increased
rainfall.

Further investigation will require needed to analyze the

Table 2. The total phenolic compounds in Bonghwa-gun, Gyeongsangbuk-do.

GA* PA VA SA VE BA

bR CA CF pC FA mC oC tC

1H* nd 5037 2232 17.67 10.09 110.94 2.67 5141 4190 tr 2224 13.77 tr 892

2 1445 20.07 nd 0.92 tr 153.53 0.82 4556 3234 tr  15.82 tr tr 724

3 17.19 4327 12.64 1550 548 88.14 8441 51.05 41.15 tr  19.63  3.18 tr 744

4 16.88 44.57 19.43 2278 19.56 25190 7524 51.72 4242 tr 2237 250 tr  7.58

5 14.53 nd 18.20 tr tr 17.52 1.17  48.06 35.49 tr  16.41 nd tr 890

6 13.66 40.70 3.76 tr tr 14.53 tr 45.87  33.11 tr  15.81 nd tr 793

7 14.02 3653 1.74 tr tr 20.08 tr 4437  27.57 tr  14.60 nd nd 6.96

8 13.20 3394 3.12 tr tr 14.82 tr 4795 3759 tr  14.84 tr tr  7.08

9 14.06 3926 333 tr nd 7.18 tr 45.18 31.84 tr  14.92 nd tr 691

10 13.64 32.61 1.81 tr nd nd tr 22.17  35.35 tr 7.19 nd nd 6.96

11 nd nd 3.81 tr tr 21.28 tr 4986  0.00 tr 7.14 nd tr 826

12 15.51 3173  6.07 tr tr 6.96 335  46.14 2747 tr  14.71 nd nd 741

13 13.29 3536 3.06 tr tr 5.74 10.94 4493 27.83 tr  14.44 nd nd nd
14 14.89 3538 3.39 tr tr 7.77 2.17 4495 27.53 tr  14.71 tr tr  7.28

15 12.81 3226 543 tr tr 6.05 342 4541 13.74 tr  14.15 nd tr  7.22
Mean 12.54 31.74 17.21 379 234 4843 1228 4564 3035 0.00 1526 1.30 0.00 7.07
CV (%) 6.02 23.67 9.81 5532 727 119.61 1241 1786 16.66 _ 2440 29.94 2.83
LSD (0.05) 1.61 16.15 151 447 036 12347 342 17.38 10.78 0.00 7.94 0.83 0.00 043

GA*; Gallic acid, PA; Protocatechuic acid, VA; Vanillic acid, SA; Syringic acid, VE; Veratric acid, BA; Benzoic acid,
bR; [-Resorcylic acid, CA; Chlorogenic acid, CF; Caffeic acid, pC; p-Coumaric acid, FA; Ferulic acid, mC; m-Coumaric
acid, oC; o-Coumaric acid, tC; ¢-Cinnamic acid, nd; not detected, tr; trace, **l; Moktaksusu, 2; Tojongsusu, 3; Hwanggumsusu,
4; Hwanggumchalsusu, 5; Whenchalsusu, 6; Hwanggumjo, 7; Jaeraejo, 8; Chungchajo, 9; Whachunchajo, 10; Yeongjujo, 11;
Hwanggumgijang, 12; Bulgeungijang, 13; Norangchalgijang, 14; Jaeraegijang (Pocheon), 15; Jaeraegijang
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Table 2. (Continued)
MY* QC Ct FO BI RT HD NE HT NI SC HA KA RV Vn

1** 89.31 53.42 536.81 tr nd 10.11 1248 tr 1128 6939 3571 4480 tr tr tr
2 51.51 53.05 nd nd nd 8.56  8.62 tr nd 12.67 040 3148 tr tr tr
3 62.61 5345 30.70 tr nd 514 6.14 tr 11.28 50.05 19.57 4250 tr tr tr
4 6797 5480 4143 tr 1.01 79.54 1395 tr 11.65 5325 2561 3148 tr tr  2.56
5 52.70 68.42 tr tr nd 444 10.50 22.53 12,50 6.88 4.09 32.06 tr tr tr
6 54.04 tr 0.35 tr 422 0.87 8.06 tr 11.77 235 nd 31.12  tr nd tr
7 51.94 54.68 tr nd 3.79 tr 7.82 tr 11.22 nd nd nd tr tr tr
8 49.63 52.87 tr tr  4.07 tr 8.22 tr 11.97 476 322 30.01 tr tr tr
9 50.91 53.03 tr tr 469 029 435 tr 10.97 047 nd 3023 tr tr tr
10 nd 50.79 tr tr  2.31 nd 3.74 tr nd nd nd 29.91 tr nd tr
11 2470 55.52 6240 nd nd nd 4.34 tr 13.47 6.86 2.07 nd tr tr tr
12 nd 53.19 nd nd nd tr 12.66 tr 530 3.11 0.85 4443 tr tr tr
13 nd nd tr nd nd nd nd nd nd 4.76 nd 39.41 tr nd tr
14 47.82 50.64 tr nd nd nd 3.96 tr nd 3.38 340 3462 nd tr tr

15 22.16 52.75 nd nd nd nd 12.12 nd nd nd nd 4197 nd tr 0.23

Mean 41.69 47.11 4478 000 134 726 780 150 743 1453 633 3093 0.00 0.00 0.19
CV (%) 2939 277 1491 2834 33573 4828 11.18 26.84 1390 2021 4.84 _ _ 2412
LSD (0.05) 26.11 2.78 1423 0.00 0.81 5198 802 036 425 431 273 319 0.00 0.00 0.10

MY*; Myricetin, QC; Quercetin, Ct; (+)Catechin, FO; Formononetin, BI; Biochanin A, RT; Rutin, HD; Hesperidin, NE;
Naringenin, HT; Hesperetin, NI; Naringin, SC; Salicylic acid, HA*; Homogentisic acid, KA; Kaempferol, RV; Resveratrol, Vn;
Vanillin nd; not detected, tr; trace, **1; Moktaksusu, 2; Tojongsusu, 3; Hwanggumsusu, 4; Hwanggumchalsusu, 5; Whenchalsusu,
6; Hwanggumjo, 7; Jaeraejo, 8; Chungchajo, 9; Whachunchajo, 10; Yeongjujo, 11; Hwanggumgijang, 12; Bulgeungijang,
13; Norangchalgijang, 14; Jaeraegijang (Pocheon), 15; Jaeraegijang

Table 3. The total phenolic compounds in Milyang-si, Gyeongsangnam-do.

GA* PA VA SA VE BA bR CA CF pC FA mC oC tC

1** 14.16 4240 59.60 9.07 41.09 137.89 21.15 21894 60.07 785 28.06 6533 tr 8.27
2 1456 38.12 18.50 10.82 21.08 10520 0.94 56.37 41.56 tr 25.41 tr tr 7.24

3 1423 4045 8620 19.39 2854 5628 139.85 64.16 4535 nd 2096 3212 tr 7.93
4 1575 38.67 316.00 7.55 894 38.85 4840 58.18 38.32 tr 20.02 17.66 tr 7.46
5 16.47 31.11 12.10 tr 0.55 25.53 tr 5497 37.66 nd 17.24 nd tr 7.22

6 7.33 4155 12.60 tr tr 11.38 tr 4752  29.78 tr 15.15 nd tr 6.94

7 13.47 3094 4.40 tr tr 17.75 tr 45.17 2797 tr 14.46 nd nd 7.14

8 nd 3394 15.00 tr tr nd nd nd 29.89 tr 15.07 tr tr 7.26

9 12.97 41.08 8.30 tr nd nd tr 46.79 27.54 tr 14.56 nd tr 7.02
10 nd 34.64 15.20 tr nd 19.21 tr 4457 2743 tr 14.91 nd nd 731
11 6.61 33.07 4.70 tr 0.04 28.20 tr 54.01 13.84 tr 15.09 nd tr 8.42
12 13.62 33.65 8.60 tr 0.04 6.47 14.34 nd 13.93 tr 15.41 nd nd 8.33
13 12.86 36.87 4.10 tr 0.07 7.22 15.66 46.67 30.39 tr 14.95 nd nd  7.03
14 12.76  36.73  1.50 tr nd 9.40 040 22.68 14.54 tr 7.00 tr tr 343
15 13.69 4258 4.60 tr 0.71 25.78 tr 52.64 27.53 tr 14.75 nd tr 6.96
Mean 11.23 37.05 38.09 3.12 674 32,61 16.05 5418 31.05 0.52 16.87 7.67 0.00 720
CV (%) 33.73 4.60 250.34 1329 1589 3256 11221 1591 29.70 57.79 16.35 7.39 18.30

LSD (0.05) 833 375 21759 095 244 23.69 4127 19.11 2051 0.69 6.13 130 000 292

GA*; Gallic acid, PA; Protocatechuic acid, VA; Vanillic acid, SA; Syringic acid, VE; Veratric acid, BA; Benzoic acid, bR;
[-Resorcylic acid, CA; Chlorogenic acid, CF; Caffeic acid, pC; p-Coumaric acid, FA; Ferulic acid, mC; m-Coumaric acid,
0oC; o-Coumaric acid, tC; ¢t-Cinnamic acid, nd; not detected, tr; trace, **1; Moktaksusu, 2; Tojongsusu, 3; Hwanggumsusu, 4;
Hwanggumchalsusu, 5; Whenchalsusu, 6; Hwanggumjo, 7; Jaeraejo, 8; Chungchajo, 9; Whachunchajo, 10; Yeongjujo, 11;
Hwanggumgijang, 12; Bulgeungijang, 13; Norangchalgijang, 14; Jaeraegijang (Pocheon), 15; Jaeraegijang
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MY* QC Ct FO BI RT HD NE HT NI SC HA KA RV Vn
1** 188.28 61.67 35.84 nd nd 57.76 2507 tr 1340 174.63 161.59 4821 tr 1.19 26.26
2 64.54 61.74 12923 tr nd 12,15 526 nd 1123 37.75 56.62 3092 tr tr 3.08

3 142.86 72.44 nd tr nd 7438 1380 nd 1326 4250 9141 3228 tr 0.13 4.71
4 56.12 78.80 211.38 tr nd 3231 1060 tr 1234 2928 5121 3781 tr tr 0.57

5 4753 5303 646 nd nd 854 937 tr 1192 6.54 1.34 2930 tr tr tr

6 4743 5696 1.12 tr  7.30 nd 849 tr 1421 2.57 410 3170 tr tr tr

7 nd 53.64 tr tr  4.08 tr 7.63 tr  14.01 3.32 nd 2937 tr tr tr

8 nd 5193 tr tr 399 tr 803 tr 1356 1.38 2.82  29.19 tr tr tr

9 nd  52.38 tr tr  7.73 0.10 nd tr 12.92 nd nd 2939 tr nd tr

10 48.62 56.83 tr tr 595 tr 843 tr 1435 337 274  29.65 tr tr tr

11 49.17 57.69 7535 tr nd 359 942 tr 1544 380 6.74 3185 tr tr tr
12 nd 63.77 nd tr nd 0.83 15.07 tr 1339 230 3.00 3285 tr tr 2.79

13 2431 51.81 nd tr nd 034 799 tr 9.78 0.67 2.16 33.68 tr tr tr

14 2477 2510 nd nd nd nd 4.41 tr nd 5.50 236 3336 nd nd tr

15 49.08 52.05 nd nd nd 0.78 7.60 tr 1077 8.76 1.30 3196 tr tr tr
Mean 49.51 56.66 30.63 0.00 194 1272 941 0.00 12.04 2149 2583 3277 0.00 0.09 249
CV (%) 6830 17.16 25597 1241 1858 29.87 _ 9.33 1931 19.07 6.31 _111.36 24.44
LSD (0.05) 7494 2186 188 0.00 0.55 540 6.27 0.00 2.50 9.38 1126 459 0.00 022 140

MY*; Myricetin, QC; Quercetin, Ct; (+)Catechin, FO; Formononetin, BI; Biochanin A, RT; Rutin, HD; Hesperidin, NE;
Naringenin, HT; Hesperetin, NI; Naringin, SC; Salicylic acid, HA*; Homogentisic acid, KA; Kaempferol, RV; Resveratrol, Vn;
Vanillin nd; not detected, tr; trace, **1; Moktaksusu, 2; Tojongsusu, 3; Hwanggumsusu, 4; Hwanggumchalsusu, 5; Whenchalsusu,
6; Hwanggumjo, 7; Jaeraejo, 8; Chungchajo, 9; Whachunchajo, 10; Yeongjujo, 11; Hwanggumgijang, 12; Bulgeungijang,
13; Norangchalgijang, 14; Jaeraegijang (Pocheon), 15; Jaeraegijang

Table 4. The total phenolic compounds in Gijang-gun, Busan.

GA* PA VA SA VE BA bR CA CF pC FA mC oC tC
1** nd 36.84 4529 7.19 2291 5642 tr 113.64 3550 tr 1791 3.10 tr 8.65
2 nd 31.85 10.62 959 959 77.97 tr 49.35 28.28 tr 18.41 tr tr 7.18
3 1452 3739 125.06 30.61 54.57 13146 191.37 nd 39.00 tr 2749 5491 tr 7.47
4 12.72 3925 9526 1996 18.71 86.60 163.73 nd 4550 tr 2149 36.88 tr 7.84
5 12.80 30.72 18.58 tr 1.79  11.17 tr 4928 36.98 tr 15.61 tr tr 6.89
6 1698 31.18 4.24 tr 1.66 18.07 tr 46.69 30.63 tr 15.63 nd tr 7.37
7 13.04 nd nd tr tr 23.62 tr nd 28.10 tr nd nd tr 7.40
8 13.76  40.65 2.26 tr tr 22.89 tr nd 27.74 tr 16.25 tr tr 7.54
9 6.47 30.17 6.19 tr tr 15.91 tr 4536 27.74 tr 15.17 tr tr 6.92
10 6.58 3225 16.13 tr nd 14.99 nd 4525 29.63 tr 14.34 nd tr 6.86
11 6.36 33.03 332 nd nd 14.88 tr 67.70 29.74  tr 13.87 nd nd 7.97
12 13.29 3350 2.62 nd nd nd tr 51.65 nd tr nd nd nd 7.12
13 5.57 nd nd nd nd nd nd nd nd nd nd nd nd nd
14 nd 3637 1.97 tr nd nd 2.52 46.53 28.63 tr 14.10 nd nd 345
15 12.70 nd 3.52 tr nd 23.95 tr 54.86 28.44 tr 14.23 nd tr 8.43
Mean 8.99 2755 2234 449 7.28 3320 23.84 38.02 27.73 0.00 13.63 6.33 0.00 6.74
CV (%) 51.70 5.15 4.62 8559 5846 4647 39.71 6.35 2.10 _ 7.85 8.37 _ 18.78
LSD (0.05) 9.90 3.02 2.20 8.19 9.07 3288 20.18 5.14 1.24 0.00 2.28 1.13  0.00 2.70

GA*; Gallic acid, PA; Protocatechuic acid, VA; Vanillic acid, SA; Syringic acid, VE; Veratric acid, BA; Benzoic acid,
bR; [-Resorcylic acid, CA; Chlorogenic acid, CF; Caffeic acid, pC; p-Coumaric acid, FA; Ferulic acid, mC; m-Coumaric acid,
0oC; o-Coumaric acid, tC; #Cinnamic acid, nd; not detected, tr; trace, **1; Moktaksusu, 2; Tojongsusu, 3; Hwanggumsusu,
4; Hwanggumchalsusu, 5; Whenchalsusu, 6; Hwanggumjo, 7; Jaeraejo, 8; Chungchajo, 9; Whachunchajo, 10; Yeongjujo,
11; Hwanggumgijang, 12; Bulgeungijang, 13; Norangchalgijang, 14; Jaeraegijang (Pocheon), 15; Jaeraegijang



Analysis of Phenolic Compounds in Sorghum, Foxtail Millet and Common Millet

Table 4. (Continued)
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MY* QC Ct FO BI RT HD NE HT NI SC HA KA RV Vn
[** 6328 59.56 29.07 tr 1.04 31.69 13.58 tr 1482 116.87 111.80 42.51 tr 0.67 833
2 64.52 67.67 9451 tr nd 555 10.81 tr 12.30 4740 11.17 29.75 tr tr tr
3 69.75 8343 4735 tr 033 99.18 19.18 tr 4472 169.14 150.86 3294 tr 3.60 14.17
4 60.65 7024 nd tr nd 1357 1270 tr 13.64 10430 6821 3282 tr 0.13 095
5 49.04 5295 1792 nd nd 2.39 nd tr 11.72 6.45 048 31.10 tr tr tr
6 4795 5148 2.13 tr 589 127 766 tr 12.90 3.39 1.59 43.12 tr tr tr
7 nd 54.02 nd tr  4.35 1.49 nd tr 10.62 nd nd 3095 tr tr tr
8 50.80 57.59 224 tr 343 1.13 nd tr  11.95 7.48 2.63 3029 tr 0.61 tr
9 nd 50.11 tr tr 462 050 820 tr 11.96 1.49 2.03 2974 tr tr tr
10 4732 5126 nd tr 283 007 741 tr 11.77 nd 191 3386 tr tr tr
11 2345 52,18 nd nd nd nd 7.60 tr 12.34 nd nd 3159 tr tr tr
12 nd nd nd nd nd tr 1247 tr nd nd 1.79 31.88 nd tr tr
13 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
14 nd nd tr nd nd nd nd nd nd 5.41 nd 40.92 nd tr nd
15 4830 5735 2341 nd nd nd 412  tr 11.65 6.65 198 32.18 tr tr tr
Mean 3500 47.19 14.44 0.00 150 1046 6.92 0.00 12.03 3124 23.63 31.58 0.00 0.33 1.56
CV (%) 2587 595 12431 1398 34.66 2339 _ 101.80 10.64 30.49 9.25 39394 197.98
LSD (0.05) 19.30 599 3827 0.00 045 7.72 345 0.00 26.09 7.08 1536 623 0.00 280 6.59

MY*; Myricetin, QC; Quercetin, Ct; (+)Catechin, FO; Formononetin, BI; Biochanin A, RT; Rutin, HD; Hesperidin, NE;
Naringenin, HT; Hesperetin, NI; Naringin, SC; Salicylic acid, HA ; Homogentisic acid, KA; Kaempferol, RV; Resveratrol,
1; Moktaksusu, 2; Tojongsusu, 3; Hwanggumsusu, 4; Hwanggumchalsusu, 5;

Vn; Vanillin nd; not detected, tr; trace,

Whenchalsusu, 6; Hwanggumjo, 7; Jaeraejo, 8; Chungchajo, 9; Whachunchajo, 10; Yeongjujo, 11; Hwanggumgijang, 12;
Bulgeungijang, 13; Norangchalgijang, 14; Jaeraegijang (Pocheon), 15; Jaeraegijang

Table 5. The total phenolic compounds in Yeongyang-gun, Gyeongsangbuk-do.

GA* PA VA SA VE BA bR CA CF pC FA mC oC tC
1** 12.61 36.83 5142 994 2301 53.19 16.73 337.52 34.05 tr 2190 13.79 tr  7.07
2 nd 3150 1.07 tr tr 18.23 tr 4552 3394 tr 14.55 tr tr 6.86
3 nd 3739 46.55 1.02 13.64 4821 172.71 nd 57.63 tr 2331 16.10 tr  7.30
4 nd 38.45 65.18 36.89 2487 78.13 225.69 nd 40.89 tr 3245  20.67 tr  7.66
5 14.02 nd 21.70 tr nd nd nd 52.14  28.01 tr 16.18 tr tr 8.08
6 13.02 40.53 nd tr nd 13.52 tr 4584  29.82 tr 14.96 nd tr  7.49
7 13.76 nd 1.96 tr nd nd nd nd 26.52 tr 6.94 tr nd 7.28
8 12.81 nd 12.66 tr nd 15.92 nd 4545 2891 tr 14.15 nd tr  8.11
9 12.87 4182 7.44 tr tr 8.36 tr 4528 29.72 tr 15.24 nd tr  7.77
10 557 36.09 13.65 tr nd nd nd 4475  28.58 tr 14.37 nd nd 7.28
11 nd nd 6.22 nd nd nd nd 5456  26.52 tr 14.78 nd nd 9.82
12 12.59 nd 1.13 tr nd nd tr 45,15  26.52 tr 14.33 nd nd nd
13 nd 32.00 1.88 tr nd nd 2.87 nd 26.52 tr 14.07 nd nd 6.96
14 nd 32,51 572 tr nd 6.57 nd 53.82 2792 nd nd nd tr  7.40
15 25.07 3233 3.10 nd nd 11.19 nd 6434  26.52 tr 14.20 nd tr  8.87
Mean 8.15 2396 1598 3.19 410 1689 2787 5562 3147 0.00 1543 337  0.00 7.20
CV (%) 2499 226 1571 8.06 1323 39.66 7.0l 0.87 1.24 _ 16.64 15.83 386
LSD (0.05) 4.44 1.18 533 0.56 1.18 1444 426 1.05 0.85 0.00 5.60 1.16 0.00 0.61

GA*; Gallic acid, PA; Protocatechuic acid, VA; Vanillic acid, SA; Syringic acid, VE; Veratric acid, BA; Benzoic acid,
bR; [-Resorcylic acid, CA; Chlorogenic acid, CF; Caffeic acid, pC; p-Coumaric acid, FA; Ferulic acid, mC; m-Coumaric acid,
0oC; o-Coumaric acid, tC; ¢-Cinnamic acid, nd; not detected, tr; trace, **1; Moktaksusu, 2; Tojongsusu, 3; Hwanggumsusu,
4; Hwanggumchalsusu, 5; Whenchalsusu, 6; Hwanggumjo, 7; Jaeraejo, 8; Chungchajo, 9; Whachunchajo, 10; Yeongjujo,
11; Hwanggumgijang, 12; Bulgeungijang, 13; Norangchalgijang, 14; Jaeraegijang (Pocheon), 15; Jaeraegijang
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Table 5. (Continued)
MY* QC Ct FO BI RT HD NE HT NI SC HA KA RV Vn
[H* 50.92 62.50 1116.6 tr nd 2223 935 tr - 11.22 91.87 984 3497 tr tr  40.01
2 4829 51.89 2410 nd nd 3.13 507 tr nd 1248 11.97 nd nd nd nd
3 60.19 9395 nd tr nd 2547 1147 tr 12.09 13508 7422 29.77 tr 0.1 tr
4 68.16 9527 nd tr nd nd 1439 tr 30.74 182.17 10680 3126 tr 0.39 10.87
5 nd 5220 3569 nd nd tr 1504 tr 1466 232 1.51 nd tr nd tr
6 nd 51.57 tr tr 564 054 829 tr 1345 148 330 3022 tr tr tr
7 nd 50.77 nd tr  3.51 tr 3.82 tr  11.50 nd nd nd tr tr tr
8 nd 57.14 nd tr  6.61 tr 8.23 tr 1343 3.75 1.90 3153 tr tr tr
9 15.79 52.42 tr tr 797 0.68 9.5I tr 1451 1.68 420 30.88 tr nd tr
10 nd 5545 nd tr 727 tr 836 tr nd 3.85 5.00 30.18 tr tr tr
11 nd 96.07 nd tr nd nd 10.82 tr 12.47 nd 405 2974 tr nd 1.67
12 nd 56.77 24.68 nd nd tr nd tr nd nd 5.34 nd nd nd tr
13 nd 5059 nd nd nd tr nd tr nd nd 492 29.08 tr nd tr
14 23.67 59.57 nd tr nd nd 3.67 tr nd 16.65 nd 29.14 tr tr tr
15 nd 57.68 nd tr nd nd 4.81 tr  11.80 2.54 549 2938 tr nd tr
Mean 17.80 62.92 80.07 0.00 2.07 347 7.52 0.00 9.72 3026 1590 2241 0.00 0.06 3.50
CV (%) 72.18 10.57 6.61 26.81 34.70 47.13 8.64 1024 1654 0.83 173.07 13.29
LSD (0.05) 28.82 14.50 11.53 0.00 1.25 263 7.77 0.00 1.84 6.75 5.74 041 0.00 023 1.01

MY*; Myricetin, QC; Quercetin, Ct; (+)Catechin, FO; Formononetin, BI; Biochanin A, RT; Rutin, HD; Hesperidin, NE;
Naringenin, HT; Hesperetin, NI; Naringin, SC; Salicylic acid, HA ; Homogentisic acid, KA; Kaempferol, RV; Resveratrol,

Vn; Vanillin nd; not detected, tr; trace,

1; Moktaksusu, 2; Tojongsusu, 3; Hwanggumsusu, 4; Hwanggumchalsusu, 5;

Whenchalsusu, 6; Hwanggumjo, 7; Jaeraejo, 8; Chungchajo, 9; Whachunchajo, 10; Yeongjujo, 11; Hwanggumgijang, 12;
Bulgeungijang, 13; Norangchalgijang, 14; Jaeraegijang (Pocheon), 15; Jaeraegijang

phenolic compounds, to examine the influence of environmental
and varietal variation, and to determine their significance

under field conditions.

Comparison of Phenolic Compounds by Different

Varieties

Among the sorghum cultivars, Moktaksusu had the highest
concentration of phenolic compounds. And followed by
Hwanggumchalsusu (1033.1 ug-g']), Hwanggumsusu (1007.0
ug-g'l), Tojongsusu (526.1 ug-g'l), Whenchalsusu (342.2
ug-g™).

The phenolic compounds of sorghums were related to the
color of seed. Moktaksusu, Hwanggumsusu and Whanggeum-
chalsusu had dark red color, and they had much more phenolic
compounds concentrations than Tojong and Whenchalsusu.
Tojongsusu and Whenchalsusu had light yellow color (Fig. 5).

The concentration of phenolic compounds in foxtail millet

varieties, Chungchajo (335.6 pg-g") concentrations was the
highest, and followed by Hwanggumjo (275.5 pg-g"), Yeungjujo
(179.5 ug-g’l), Whachunchajo (96.0 ug-g'l) and Jaeraejo
(60.1 ug-g"). According to the color in foxtail millet varieties,
the concentration of phenolic compounds was not showed
significant difference. However, when compared with the
lightness, the darker varieties had higher concentration of
phenolic compounds. Dark colored Chungchajo, Yeongjujo
and Whanggeumjo were showed higher contents of phenolic
compounds than that of light colored Whachunchajo and
Jaeracjo (Fig. 6).

The concentration of phenolic compounds in common
millet was the highest in the Norangchalgijang (337.0 ug- g’l).
Hwanggumgijang (250.0 ug-g') was also relatively higher
contens. Next order were Jaeraegijang (144.4 ug-g’l),
Jaeraegijang (pocheon) (105.6 pg-g"), Bulgeungijang (87.1
ug'g'l). Especially, Jaeraegijang deviation was larger in the



Analysis of Phenolic Compounds in Sorghum, Foxtail Millet and Common Millet 371

2000 5

1800 4

1600 <

1400

1200 4
1000 <
A
800 -
600
400 <
=] .
0+ . . .
Mo ktak Tojong Hwanggum  Hwanggumchal  Whenchal
75
70 + i
I
65
&0
55
B s
=
as =
i - -
35
Moktak Tejong Hwsanggum Hwaenggumchal  Whenchal
® Darkness Redness

Fig. 5. Comparison of phenolic compounds concentrations in
five sorghums.
A: Phenolic compounds concentrations of each varieties
(Each vertical bar indicates the standard error values.),
B; The chromaticity of the samples

case of varieties. And the correlation between color and phenolic
compounds contents was not observed in this study (Fig. 7).

Sorghum had the highest concentration of phenolic com-
pounds among three different varieties (sorghum, foxtail millet,
common millet). Specially, (+)catechin (429.6 ug* g"l) con-
centrations showed the highest in Moktaksusu. Moktaksusu
had higher contents of (+)catechin than other sorghum cultivars.
In addition, Moktaksusu (180.4 ug- g'l) contained higher
contents of chlorogenic acid. However, indivdual substances
of phenolic compounds were showed significant varition
according to regional differences. Tojongsusu revealed higher
contents of benzoic acid (88.8 ug'g'l) and (+)catechin (62.0
ug-g"). Hwanggum and Hwanggumchalsusu contained [
-resorcylic acid, vanillic acid, salicylic acid and naringin. 5
sorghums were contained high concentrations of homogentisic

acid, protocatechuic acid, chlorogenic acid, caffeic acid,
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Fig. 6. Comparison of phenolic compounds concentrations in
five foxtail millets.
A: Phenolic compounds concentrations of each varieties
(Each vertical bar indicates the standard error values.),
B; The chromaticity of the samples

myricetin, and quercetin. Specially, p-coumaric acid, for-
mononetin and biochanin A were not detected in sorghums.
The phenolic compounds concentrations in foxtail millet
showed similar contents that of common millet. Every foxtail
millet varieties had much higher concentration of quercetin
(50.8 ug'g']). They contained gallic acid (10.9 ug~g'1), homo-
gentisic acid (28.1 pg-g"), protocatechuic acid (30.9 ug-g"),
chlorogenic acid (35.4 ug'g'l), caffeic acid (29.8 ug'g']),
ferulic acid (13.4 pg-g") and benzoic acid (11.9 ug-g").
Also, S-Resorcylic acid, syringic acid, vanillin, p-coumaric
acid, m-coumaric acid, o-coumaric acid, kaempferol and
formononetin were not detected in foxtail millets.
Concentrations of phenolic compounds showed big differences
among sorghums, foxtail millets, and common millets. Total
phenolic compounds concentrations of sorghums were higher

than that of foxtail millets and common millets. These
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Fig. 7. Comparison of phenolic compounds concentrations in
five common millets.
A: Phenolic compounds concentrations of each varieties
(Each vertical bar indicates the standard error values.),
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variations may caused by their genetic differences according
to different species.

The relationship between color and phenolic compounds
concentrations was similar to that of Lee et al (2010). It
was reported that the total phenolic compounds concentration
in black and brown crops higher contained than that of
green or yellow colored crops. In this study, sorghums and
foxtail millets showed significant relationship between color
and phenolic compounds concentrations. However, common
millets did not significant differences of phenolic compounds
according to different colors.

In case of sorghums, dark and red color varieties showed
higher concentrations than others. The difference of colored
sorghum and colorless sorghum showed significant differences
in phenolic compounds concentrations. Foxtail millet also
showed significant relationship color and phenolic compounds

concentrations. Dark color varieties had higher amount of

phenolic compounds concentrations. Therefore, this factor
will be used in further studies on variety selection with
high contained phenolic compounds.

The contribution of phenolic compounds for human health
was reported of phenolic compounds in previous study (Lee
et al., 2007). In this study, sorghums had higher concentration
of phenolic compounds than others (foxtail millet, common
millet). Moktaksusu, Hwanggumsusu and Hwanggumchalsusu
had higher concentration of phenolic compounds. According
to Dykes and Rooney (2007), there was relationship between
phenolic compounds and antioxidant activities. From this
study, Moktaksusu, Hwanggumsusu, Hwanggumchalsusu were
may have strong antioxidant activities.

Some phenolic compounds such as (+)catechin, chlorogenic
acid and quercetin were well known for their specific func-
tional effects. Moktaksusu, Tojongsusu and 5 common millets
were had much of (+)catechin which contained special effects
such as prevention of obesity and suppression of skin aging
due to UV radiation (Silvina et al., 1998).

Every varieties that used in this study contained higher
contents of chlorogenic acid. Chlorogenic acid had an
influence on the gallstone and liver disease and was known
to the cytotoxic activities (Kweon et al, 2001; Paynter et
al., 2006). Large amount of quercetin was detected in all
cultivars. Specially, quercetin was famous for their effects
to heart disease ana various cancers (Murakami et al., 2008;
Davis et al, 2009).

In conclusion, this study suggests that variation of phenolic
compounds exist among sorghums, foxtail millets and common
millets in different regions. Further investigation is needed
to select varieties high contained phenolic compounds under
field condition and to analyze the phenolic compounds
involved in biological activity which facilitate selection
and breeding of varieties with high contained biofunctional

compounds and biological activity.
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