PISSN 1225-4339  cISSN 2287-4992 THE KOREAN JOURNAL OF
Korean J. Food Nutr. Vol. 28. No. 5, 737~744 (2015) STRAIIZHORS TS| X
hitp://dx.doi.org/10.9799/ksfan.2015.28.5.737 %ﬁ;ﬁ%ﬁﬁ&

HEOLA|ZHO]| [}F2 ZAMV( Triticum aestivum L.)Q| HE=ME 4l
2|2 AHEN

SHEID| - FQIN - WEY - RAL - OMT - ASE - RBA
SEANTH FYABHLY FRAEY

Phenolic Compounds and Radical Scavenging Activity of the Korean Wheat (Triticum aestivum L.)
according to Germination Times

Hyeonmi Ham, In Duck Choi, Hye Young Park, Soon Duck Yoon, Se Gwan Oh,
Wook Han Kim and "Koan Sik Woo

Dept. of Central Area Crop Science, National Institute of Crop Science, Rural Development Administration, Suwon 441-857, Korea

Abstract

The purpose of this study was to evaluate the phenolic compounds and radical scavenging activity of the Korean wheat
(Triticum aestivum L.) according to germination times. The cultivated varieties were 7. aestivum L. cv. Keumkang, Jokyung,
Baekjoong, and Goso. The total polyphenol, flavonoid, and tannin contents of the ethanolic extracts of wheat were significantly
increased with longer germination times. The total polyphenol contents of ungerminated Keumkang, Jokyung, Baekjoong,
and Goso were 13.74, 15.05, 16.84, and 13.02 mg GAE/100 g, respectively, and the contents in germinated wheats increased
with longer germination times. The total flavonoid contents of ungerminated wheats were 5.11, 6.72, 6.28, and 5.43 mg
CE/100 g, and the total tannin content was 9.19, 8.86, 8.93, and 8.66 mg TAE/100 g, respectively. The total flavonoid
and tannin contents were substantially increased with longer germination times. The DPPH radical scavenging activity of
ungerminated Keumkang, Jokyung, Baekjoong, and Goso was 30.77, 23.88, 25.35, and 18.73 mg TE/100 g, and the activity
in wheats germinated at 25°C for 72 hours was 47.47, 44.17, 38.22, and 42.85 mg TE/100 g, respectively. The ABTS radical
scavenging activity of ungerminated wheats was 3.42, 88.53, 88.87, and 79.97 mg TE/100 g, respectively, and the activity
in germinated wheats increased with longer germination times.
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Table 1. Total polyphenol contents? of the ethanolic extracts on Korean wheat according to variety and germination times

Germination ~ Germination Variety of wheat
temperature (C)  time (hr) Keumkang Jokyung Baekjoong Goso

Control 13.7420.687°% 15.05£0.21% 16.84+0.82" 13.0240.40"

24 15.55+0.88% 15.58+0.38°" 16.02+0.24%" 14.2440.84%"

36 15.69+0.31% 16.460.58° 16.90+1.17% 16.27+1.05°

15 48 17.6420.50% 17.86£0.72¢ 17.53+0.75 17.24+0.70%

60 19.1240.57° 18.82+0.48° 19.05+0.99% 17.46+0.90%

72 22.60+0.62° 22.34+0.99° 22.42+0.25° 20.20+0.91%

24 15.5320.13%f 15.1740.24% 16.28+1 47" 14.97+0.05™

36 16.0020.45¢ 16.20£0.20° 16.26+0.34" 16.260.48°"

20 48 18.16+1.76° 18.82:0.08¢ 19.62+0.48° 18.710.84%

60 19.64+42.07° 22.63+0.47° 22.8240.53° 19.52+1.33%

7 23.70+1.94° 27.28+0.44° 29.63+1.37° 22.3842.12°

24 13.52+1.76" 14.31+0.268 15.16+0.37" 13.71£0.73%"

36 15.90+1.28¢ 15.10+0.15™ 16.04£0.90%" 15.11+0.38

25 48 19.5341.23° 17.87+0.14° 17.13+0.13°% 17.720.24%

60 22.55+0.57° 21.02+1.29° 18.29+0.03% 18.78+0.60%

72 28.22+0.85° 26.7110.78° 21.52+0.13° 20.87+0.22°

) Mean of triplicate determinations expressed as mg gallic acid equivalents (GAE) per 100 g of sample (dry weight basis). ? Each value
is meantSE (n=3). ® Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's
multiple range test.
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Table 2. Total flavonoid contents” of the ethanolic extracts on Korean wheat according to variety and germination times

Germination  Germination Variety of wheat
temperature (C)  time (hr) Keumkang Jokyung Baekjoong Goso

Control 5.110.0424 6.72+0.57* 6.28+0.26° 5.43+0.01%

24 4.90+0.10°F 5.10+0.09° 5.59+0.10% 5.31+0.10™

36 4.97+0.02°F 5.16+0.26° 5.05+0.12¢ 5.37+0.02%

15 48 5.07+0.10%f 5.23+0.38° 5.49+0.05" 5.23+0.32¢
60 5.03+0.24%" 5.13+0.14° 6.05£0.35" 5.72+0.24%¢

72 5.18+0.41%F 6.6120.06" 5.57+0.67%° 5.630.12
24 4.85+0.01 5.40+0.69° 5.16£0.91¢ 5.78+0.47%"*

36 4.79+0.21° 6.4520.50° 4.73+0.07¢ 5.3240.17"

20 48 5.2840.11°% 5.95+0.96™ 4.88+0.01% 5.5240.28"
60 5.43+0.33%¢ 5.97+0.60% 4.99+0.13% 6.03+0.27%

7 5.29+0.07°% 6.72£0.31° 5.46+0.40% 6.12+0.20%
24 4.99:+0.04%" 5.06+0.16° 4.73+0.03¢ 5.86+0.70°

36 5.20+0.,04°f 5.13+0.02° 4.95+0.20% 5.42+0.40%

25 48 5.64+0.12% 5.26+0.07° 4.90+0.02% 5.65+0.03%

60 5.82+0.02% 5.87+0.63" 5.12+0.04% 5.63+0.58"

72 6.13+0.37° 6.55+0.06" 5.360.04> 6.47+0.44°

Y Mean of triplicate determinations expressed as mg catechin equivalents (CE) per 100 g of sample (dry weight basis). 2 Each value is
mean+SE (n=3). ¥ Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple

range test.
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Table 3. Total tannin contents” of the ethanolic extracts on Korean wheat according to variety and germination times

Germination  Germination Variety of wheat
temperature (C)  time (hr) Keumkang Jokyung Baekjoong Goso
Control 9.19+0.172) 8.86+0.36°" 8.93+0.29° 8.66+0.19°
24 10.1420.05%* 9.52+0.17>¢ 9.50+0.07% 9.29+0.10%
36 10.3540.03° 9.62+0.15 9.32+0.15¢ 10.51+0.14%*
15 48 10.20+0.15 9.40+0.12 9.8120.07" 10.76+0.34°
60 10.02+0.11%* 9.57+0.33% 10.09+0.10® 10.37+0.40%
72 10.46+0.05° 9.63+0.30" 9.84+0.25" 10.28+0.29™
24 10.34+0.10° 9.830.24% 9.25+0.07% 10.12+0.17°
36 10.31£0.11% 10.06+0.25° 8.92+0.28° 10.20+0.13"
20 48 10.21+0.15® 9.48+0.13" 9.78+0.19" 10.40+0.16™
60 10.23+0.30% 9.83+0.20% 9.97+0.11% 10.58+0.21%
7 10.29+1.32% 10.21+0.05* 10.300.14° 10.75+0.22°
24 9.34+1.37% 8.88+0.19°" 8.24+0.19" 8.97+0.31°
36 9.66+0.12% 8.54+0.121 7.93+0.21° 9.08+0.27%
25 48 9.50+0.31%° 8.29:£0.188 8.76+0.37® 9.44+0.21¢
60 9.630.15° 8.94+0.14° 8.460.20¢" 9.21£0.15%
72 10.33£0.23° 9.15+0.17% 8.65+0.20'® 9.08+0.17%

Y Mean of triplicate determinations expressed as mg tannic acid equivalents (TAE) per 100 g of sample (dry weight basis). 2 Each value
is mean+SE (n=3). ¥ Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple

range test.
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Table 4. DPPH radical scavenging activity? of the ethanolic extracts on Korean wheat according to variety and germination times

Germination ~ Germination Variety of wheat
temperature (C)  time (hr) Keumkang Jokyung Baekjoong Goso

Control 30.77+1.462%3) 23.88+1.07%" 25.35+0.92% 18.73+0.65"

24 29.63+0.15%" 26.08+0.30° 24.28+1.67"%" 21.07+0.18¢

36 29.49+0.16%" 23.98+0.63%" 225442 11" 22.64+1.65"

15 48 30.83+0.81%" 23.05+1.23%" 29.97+0.92° 22.21+1.88"%

60 32.17+2.71° 30.040.40° 28.02+1.36°¢ 27.66+0.60°

72 34.68+0.72° 33.43+0.32¢ 26.91+0.81%f 33.61%1.14¢

24 23.99+0.81 21.13+1.52" 26.60+1.49% 23.46+0.41"

36 28.74+1.58" 23.59+1.11¢" 21.72+0.09" 20.74+1.43¢

20 48 31.41+1.47% 24.52+1.938 26.92+0.10%! 27.78+0.77°

60 35.514+0.49% 35.28+0.10% 23.55+0.462" 27.05+0.66°

72 38.01+0.30¢ 38.08+0.09™ 34.96+0.89° 33.58+0.45°

24 27.21+0.49' 28.13%1.09¢ 25.47+1.12% 23.75+0.41"

36 29.54+0.37¢ 29.48+2.10° 21.77+0.53" 30.78+0.28¢

25 48 37.07+1.01% 35.34+1.61% 2528+1.11% 35.08+0.83¢

60 42.53+0.20° 39.75+2.51° 29.024+0.78% 39.57+0.57°

72 47 47+0.63° 44.17+1.52° 38.22+1.28° 42.85+0.06°

) Mean of triplicate determinations expressed as Trolox equivalents (TE) per 100 g of sample (dry weight basis). 2 Each value is meantSE
(n=3). ¥ Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple range test.

Table 5. ABTS radical scavenging activity” of the ethanolic extracts on Korean wheat according to variety and germination times

Germination  Germination Variety of wheat
temperature (C)  time (hr) Keumkang Jokyung Baekjoong Goso

Control 83.42+42. 7390 88.53+1.42%° 88.8743.55° 79.97+1.45%

24 65.08+0.72 74.81+1.16°% 73.504+2.55" 69.23+1.292

36 68.54+1.07' 74.16+1.31% 79.08+2.09° 53.4110.39'

15 48 78.97+0.56¢ 82.40+1.94¢ 74.89+1.88" 74.27+1.24"

60 88.83+0.28¢ 82.27+1.83¢ 74.48+1.55° 74.09+0.78"

7 100.04+1.03° 87.39+1.39™ 92.85+0.60™ 82.3741.53°

24 59.57+0.54 72.18+1.302 80.05+0.81% 56.04+0.26"

36 70.30+1.08" 78.38+0.59° 86.99+1.60° 70.24+1.23¢

20 48 85.27+1.89° 86.91+3.08™ 80.34+0.43% 77.91+1.54°

60 95.18+1.83° 83.10%1.56¢ 80.44+1.21% 70.6120.88¢

7 96.25+0.61¢ 85.74+1.56% 88.560.88° 80.81+0.88%

24 72.23+0.38" 77.002.48° 82.67+1.46" 81.11+2.56%

36 82.65+0.99" 82.36+2.71¢ 86.75+1.30° 91.21+1.35°

25 48 88.92:+0.68* 90.48+3.07" 91.77+0.75° 92.99:+0.49°

60 99.92+0.31° 92.0242.89° 95.62+0.68° 96.99+1.26°

7 102.68+1.19° 90.23+2.55™ 93.59+0.87 98.72+1.15°

D Mean of triplicate determinations expressed as mg Trolox equivalents (TE) per 100 g of sample (dry weight basis). ? Each value is mean+SE
(n=3). ¥ Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple range test.



Vol. 28, No. 5(2015) o] 7to]| whE FAbE <
T2A7F Wl A|&7F ZHzF 92.0242.89 & 90.23+2.55 mg TE/
100 g2 2 2 A4S Hgon, WMEgo] AL 2572 60
2 72A17F wro} |27} ZHzE 95.62+0.68 I 93.59+0.87 mg
TE/100 g0 2 9o)Fo g =0 348 HYrp<0.05). Ti
9 T3} 25°C2] 60 Y 724|7F Hrol A Z oA ZHZE 96.99+1.26
g 98.72+1.15 mg TE/100 g2 2 9oF oz =0 e 1
FATHp<0.05). ol 7tol| what 4=479] DPPH o]zt &7
42 A& FFuich Gt SUSHAY FAs oy B
ofA|Zke] t3l Eoldt AFS HolA| g AR Huskg]
S (Ko 5 2011a), Wol-2 =] wtat ABTS 2tz 2A-EA]
2 29} 7|17e] A9 & ZolE HolA] ¢k, 4 F7t
e AFS Hole A22 BustgtiKo 5 2011b). Hd
o] gAtst &4 &4 ool HAE Fosta, AE F
o A AtstE JA|sh= B4 7R L, QA WellA
24 gz o3t =35 AN = TS sk Sl
, B AAZEL QA1) AT =315 WA 5k=d of
23 9ghS THKim 5 2001). 0]/ AafoA =
ot HE4dE 9 S aAZAd] F4
SIS 4= gl e, 35 W

Hstel S84 4oy 2254

& o o ok
ml:l of

off oot i

2 foi
JTL
o

o
o, i

i3l Wobal el whE Ak
Firet @de Stk Wotazto| wE St
gakolE g gd §
A Aol & Hol
274, W3y 9 14
Wo| & Zeds T 13.74, 1505, 16.84 2 13.02 mg
GAE/100 go]1oH, WolA|to] F7igto] whet frojo=
S7tE BEE EAT(p<0.05). T STHE 0| E IdF2 4
ZF5.11, 6.72, 628 X 543 mg CE/100 go|Q1.o.H, oA 7to]
S7tetol wet & 2tolE Kol Fto, fo4E Hol=
AOZ YETHp<0.05). & &d FS 2427 9.19, 8.86,
893 @ 8.66 mg TAE/100 go| .01, Wroka|7to] Z71%te]| u}
2t 2 ZolE HolA| Fko, §94E Hole LR Y
WoHp<0.05). 579, =39, #S5Y % 314W2| DPPH 2}
T 2ASAL 742} 30.77, 23.88, 2535 2 18.73 mg TE/100
golglom, 25 oA 727t Who} A&7} Z+2} 47.47, 44.17,
3822 & 42.85 mg TE/100 g0 2 {ojHoR =0 FAHS 1
ol Ao & UEPGTHp<0.05). ABTS ttjzt AAEH L 7zt
7} 83.42, 88.53, 88.87 X 79.97 mg TE/100 go] 1.1, wHo}A|
Ztol 7kl wet froFor Fvkshe A¥E B

e

9 ooz 743

A

M

(p<0.03). o|AF| AT} FAA WolE g
Stz aAFAel FAHE HTE AL 4 e AL AT
4 qgieh

ZHA2| =

B =Be 5275 AGENDA ATARIATIS T4 E:
PJO10155)9] x|l 2J3] o] Foid A

References

Al-Wahsh 1A, Hommer HT, Palmer RG, Reddy MB, Massey LK.
2005. Oxalate and phytate of soy foods. J Agric Food Chem
53:5670-5674

Anderson RL, Wolf WJ. 1995. Compositional changes in trypsin
inhibitors, phytate, saponins and isoflavones related to soy-
bean processing. J Nutr 125:581-588

Bartnick M, Szafranska J. 1987. Changes in phytate content and
phytase activity during the germination of some cereals. J
Cereal Sci 5:23-28

Cho BM, Yoon SK, Kim WJ. 1985. Changes in amino acid and
fatty acids composition during germination of rapeseed. J
Korean Food Sci 17:371-376

Choi KS, Kim ZU. 1985. Changes in lipid components during
germination of mungbean. Korean J Food Sci Technol 17:
271-275

Choi Y, Kim MH, Shin JJ, Park JM, Lee J. 2003. The anti-
oxidant activities of the some commercial teas. J Korean
Soc Food Sci Nutr 32:723-727

Choi Y, Lee SM, Chun J, Lee HB, Lee J. 2006. Influence of
heat treatment on the antioxidant activities and polyphenolic
compounds of shiitake (Lentinus edodes) mushroom. Food
Chem 99:381-387

Chun JU, Kang SW. 2002. Genetic analyses of heading and
maturing dates and their relationship to freezing resistance
in barley. Korean J Crop Sci 47:395-401

Colmenares de Ruiz AS, Bressani R. 1990. Effect of germination
on the chemical composition and nutritive value of amaranth
grain. Cereal Chem 67:519-522

Dewanto V, Xianzhong W, Liu RH. 2002. Processed sweet corn
has higher antioxidant activity. J Agr Food Chem 50:4959-
4964

Duval B, Shetty K. 2001. The stimulation of phenolics and anti-

oxidant activity in pea (Pisum sativam) elicited by geneti-



744 ] - Mol - w9 - g - QAT YT ST

cally transformed anise root extract. J Food Biochem 25:
361-377

Hsu D, Leung HK, Finney PL, Morad MM. 1980. Effect of
germination on nutritive value and baking properties of dry
peas, lentils and faba beans. J Food Sci 45:87-91

Tkeda K, Arioka K, Fujii S, Kusano T, Oku M. 1984. Effect on
buck-wheat protein quality of seed germination and changes
in trypsin inhibitor content. Cereal Chem 61:236-240

Kang CS, Kim HS, Cheong YK, Kim JG, Park KH, Park CS.
2008. Flour characteristics and Enduse quality of commer-
cial flour produced from Korean wheat and imported wheat.
Korean J Food Preserv 5:687-693

Kim HS, Kim YJ, Kim KH, Park HH, Kang CS, Kim KH, Hyun
JN, Kim KJ. 2013. Difference of agricultural characteristics
and quality with fertilizer types in wheat cultivation. Korean
J Crop Sci 58:15-19

Kim IS, Han SH, Han KW. 1997. Study on the chemical change
of amino acid and vitamin of rapeseed during germination.
J Korean Soc Food Sci Nutr 26:1058-1062

Kim IS, Kwon TB, Oh SK. 1985. Study on the chemical change
of general composition fatty acids and mineral contents
during germination. Korean J Food Sci Technol 17:371-376

Kim JE, Joo SI, Seo JH, Lee SP. 2009. Antioxidant and a-
glucosidase inhibitory effect of tartary buckwheat extract
obtained by the treatment of different solvents and enzymes.
J Korean Soc Food Sci Nutr 38:989-995

Kim SM, Cho YS, Sung SK. 2001. The antioxidant ability and
nitrite scavenging ability of plant extracts. Korean J Food
Sci Technol 33:626-632

Kim YS, Kim JG, Kang 1J, Lee YS. 2005. Comparison of the
chemical components of buckwheat seed and sprout. J Ko-
rean Soc Food Sci Nutr 34:206-211

Ko JY, Song SB, Lee JS, Kang JR, Seo MC, Oh BG, Kwak
DY, Nam MH, Jeong HS, Woo KS. 2011a. Changes in

=4 EFIYEIA

chemical components of foxtail millet, proso millet, and
sorghum with germination. J Korean Soc Food Sci Nutr
40:1128-1135

Ko JY, Song SB, Lee JS, Kang JR, Seo MC, Oh BG, Kwak
DY, Nam MH, Jeong HS, Woo KS. 2011b. Minerals, total
polyphenolic contents and antioxidant activity of foxtail
millet, proso millet, and sorghum with germination tempe-
rature. J Agr Sci Chungbuk Nat’l Univ 27:165-172

Lee MH, Son HS, Choi OK, Oh SK, Kwon TB. 1994. Changes
in physico-chemical properties and mineral contents during
buck-wheat germination. J Korean Food Nutr 7:267-273

Lee MJ, Cheong YK, Kim HS, Park KH, Doo HS, Suh DY.
2003. trans-Resveratrol content of varieties and growth period
in peanut. Korean J Crop Sci 48:429-433

Lee YR, Kim JY, Woo KS, Hwang IG, Kim KH, Kim KJ, Kim
JH, Jeong HS. 2007. Changes in the chemical and functional
components of Korean rough rice before and after germi-
nation. Food Sci Biotechnol 16:1006-1010

Middleton E, Kandaswami C. 1994. Potential health-promoting
properties of citrus flavonoids. Food Technol 48:115-119

Nakagawa M, Amano 1. 1974. Evaluation method of green tea
grade by nitrogen analysis. J Japanese Food Sci Technol
21:57-63

Nieva MM, Sampietro AR, Vattuone MA. 2000. Comparison of
the free radical-savenging activity of propolis from several
regions of Argentina. J Ethnopharmacol 71:109-114

Rice-Evans CA, Miller NJ, Paganga G. 1997. Antioxidant pro-
perties of phenolic compounds. Trends in Plant Sci 2:152-
159

Song MR. 2001. Volatile flavor components of cultivated radish
(Raphanus sativus L.) sprout. Korean J Food Nutr 14:20-27

Received 29 July, 2015
Revised 19 August, 2015
Accepted 26 August, 2015



