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Abstract

This study investigated on the chemical components, quality characteristics, antioxidant compounds, and activity of maize hybrids
according to the cultivar, and breeding maize seeds crossed with seed and pollen parent. The moisture, crude fat, crude ash, crude
protein, carbohydrate, and amylose contents of maize hybrids were significantly different among cultivars, and seeded and pollinated
maize. The L-, a- and b-value of maize hybrids were 39.81~47.21, —0.01~0.55 and 5.85~18.47, respectively. Water binding capacity,
water solubility index and swelling power were 123.29~153.32, 4.69~5.76 and 20.11~21.47%, respectively. The phenolic compounds
and radical scavenging activity of maize hybrids were significantly different among cultivars, and seeded and pollinated maize. Total
polyphenol and flavonoid contents of maize hybrids were 1,335.41~1,876.29 ng/g and 184.24~453.95 ng CE/g, respectively. The
DPPH and ABTS radical scavenging activities were 171.75~239.16 and 299.44~364.09 mg TE/100 g, respectively. As a result, it
could be used as a basic data for cultivating phenol compounds and antioxidant activity in maize breeding.
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N = g0z go] ol g5 T Yor(Kim 5 2014), FUE S5

S ABAQNA F2 AR X} AZE 5O o] §HI

SRR s Ly L U3 O] A 3248 R e 5 2017 B S £ S5 s
22 AQA0R AR A% 52 Axshod ol AgHel 0% B ol=n gu GRS ARgoz ogHm o
FrhLee 5 2014). S55E AS717b0] Fot 27180] s Ak, A 5 A8ORE Tyt ol §H 1 AUrkSon 5

st (Jung 5 2012), Y HA T AEPLHI0] & & ofY 2012).

2t @Y7t ERt ofUgt 7157t Eof Ao A E 1HAE E Sp7h 7HA AL Qe TRt E4E 885t 4% 2]
S, eSO B4E /I S5t AT B, ok, BHE, A5, BAE, AXY 5 ookt sue
thKim 5 2017). &55s 249 EXo gt 2RE B 8531 Qlth(Zarkadas 5 2000; Kim 5 2002; Son 5 2012;
F5HA E=d ulx]Z(dent corn), 7 HZ(flint com), AFHZE Youn & Chung 2012). 245=9] A o= EXSR|HAL EFR
(flour corn), E]ZL2-4>(pop corn)2} T2 (sweet corn) 5 HE 3teFo| Wil(Ignjatovic-Micic 5 2015), 244 TEZI]
0 & FEEtHCorona 5 2006). 9] ¢ tEpie= A = E9 b= o] B2 59| ferulic acid7} & AR
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A lth(Saulnier & Thibault 1999; Rouau 5 2003; Manach
T 2004). ET]H|&2 A=A =] e olAHAEE
2] A S} AAHTAI7E 329 (Manach 5 2004), &
5] &p5E XA FEOA &3] YA E ferulic acide=
radical 2440 Eol IS, Tk, I HES 5
50] 53t A0 2 B 7 EJTH(Srinivasan 5 2007). L =
Holxe Se5E 48 29 ofyet AE, QekE, 3355
A AE 5 o9 £okoll &5t Yot &5, AuizA, 7F
T A JNL7AA] teFebA AL Sl Aot
S5E AN (EE)} SFEAEFE )] ZE] FI TS
Aol AR A 7 AoA= ol gEsto] S/4dE £
s £4 2 o]gkel EAJE BA6tAL 4 ThE (Gangdaok), <%
ChS (Hwangdaok) R 3372 (Kwangpyeongok) ©]-&-3t0 <
TE FHotATt AohE 2 AAAE KS140S SAH(E
o g 3, KS141ES SFEIFE)0 2 5Fo] 20008 w7
H dugE o= 20069 E9H EFoItH(Son 5 2006). &
o2 201790 S4" FFolH, BEELE AMAE
KSI245 FAXI O = Skl A4 AlE KS85E Shizlo & st
of 200090 wE FAHE 44 duFgEo|tH(Moon T
2001). 2 AFE Sl &5 SFoA B - FEo] B0 o
E£4 9 HJE 839 7|2ARE F25IA Sk
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2 Ao AME 55 FEL2 TS (Zea mays L. cv.
Gangdaok), ‘T2’ (cv. Hwangdaok), “3338-2"(cv. Kwangpyeongok)
5 3830, 27 SR (HE,; seed parent) T SHEZ (-
pollen parenty@ 7] 58 27| FYAFIY FRAE
ARG T4 20179 PAbE S5E AR ARE
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o 5 mL& 100 mL HlAETAT FAFES & IN acetic
acid 1 mLY} 2% L-KI&H 2 mL2 715 th2 2542 100
mLo] HE2 483 oS 0% FU W TSI F 620
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3. 440l Zd 8 B4

L4:40] A= MA}A|(CM-3500d, Minolta, Tokyo, Japan)
£ ol&sto] gt A 8E S48 A(35%20x50 mm)°f| Hot
27 23 mmQ] 20| sjgot= B2 HAAE S5t oH,
™ I (L-value, lightness), A &= (a-value, redness) 2 SHA1 &= (b-
value, yellowness)S <7435} tHKim 5 2018a). o] AR5t

HFEWMEO] A= [-value:= 97.38, a-value:= —0.02, b-value

L 1.660]ch.
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WIS-RLO10, Daihan Scientific Co., Ltd., Seoul, Korea)3t T2
o] 7}5t L ZhAL] THA] 80% OflehES 7Feto] A|EETt &
5 2229 BH 2000 nEsEA R4S 22 A
S,

Z Zo9E e 25 10 pLoj 2% sodium carbonate
29 200 pLE 7}st & 3E87F HHAsE o2 50% Folin-
Ciocalteu -8-9(Sigma-Aldrich, St. Louis, MO, USA) 10 uL.E
7¥skltt. 304 RS o2 WS H O] F33 T g 750 nmoj|
A 24513 BEEAQ gallic acid(Sigma-Aldrich)S A&
slo] AeFA (y=0.0014x+0.0356, R*=0.9993)S Z+Agst9lom,
A& g 59 g gallic acid equivalents(GAE, dry basis)& L}E}
WAtHWoo 5 2016). & St ro]|E FF2 F58 50 1L
o] TF5 200 uLe} 5% NaNO, 15 uLE 75k o3, 5&1F
A2tk 1 T2 10% AICL « 6H,0 30 uLE 7}olo] 6&
2| SF TFS 1 N sodium hydroxide &9 100 yLE 3 7}s}1,
12 FARE H 510 nmo| A FF=5 ST 222
9] (+)-catechin(Sigma-AldrichyS A}g-5F0] ZTFA(y=0.0018x+
0.0475, R?=0.9995)% A3l om, A|& g 9] ng catechin
equivalents(CE, dry basis)2. 2 UYEFATH Woo 5 2016).

DPPH radical &A&A2 02 mM DPPH(1,1-diphenyl-2-
picrylhydrazyl, Sigma-Aldrich) -&%(99.9% ethanolo]] -8-3f) 200
uLo| A& (FEE 5 0.1 gml) 10 uLE H713E & 3083t
W33 t2 520 nmo| A FF =S S745H3ATt. DPPH radical
27RAHE ARTo) v EA T FUE AolE W)
2 AFESIH T ABTS(2,2'-azino-bis-3-ethylbenzo-thiazoline-6-
sulfonic acid, Sigma-Aldrich) radical A&/ ABTS 7.4
mM3} potassium persulphate 2.6 mM< 3} 59F G4of HHX]
Sto] ABTS Jol2& F/AIX & o]-&A2 735 nmo| A &8
T Zo] 14~157F HEE B 5304 %5(e=3.6x10' M 'em HE
o]-g-5to] ofeh=E 34531t 3]41E ABTS -§9 200 pLoj

8550 B9 9 olf

5 =4 409
#5910 LS 71te] 308 $A F ST ABTS

radical A7 &AL Al&E 100 g mg TE(Trolox equivalent
antioxidant capacity)Z A A|5FHTHWoo 5 2016).

5. SHIEN
E oleit 38 ol u Hstgon, BEE
A AT 3 ol ATFE FA I 1 Sttistical
Analysis System; version 9.2, SAS Institute, Cary, NC, USA)
o]-g&-s}lo] o= 97 % (Duncan’s multiple range test)}S A A
Stglom, 7t BAGE 7o) JunAe BAskch

1. B4 EZY YUNE B

25 9 A3 SRA0R STE S5s0] AR
2 B3 23 Table 13+ Zo] BF U SR 42A
9 929l Hol & Holt= A0 R ehdhp<005). EEH

EFATHp<0.05). ZAH FF2 3.90~4.21 /100 gO & FALE]
o] FFEE FH< AolE EAoH(p<0.05), ‘FrhE e
SAR T SHEFI O] F-9] 4 Q1 Aol & HolA] gIgtal gk
&3 PP AT SHEA 749 KA Ql Apolg B
ATHp<0.05). 23| FhF2 1.38~1.85 /100 g0 & F5H

FOHQl Aol & BYlom, SFEFCE 3 K471 F
Ao & S S50 v {FOH0 R EA UEyt
(<0.05). ZHA SFERL 10.86~12.85 g/100 gO & 73T}e”
I i 2 sHEAEG FAR 0 R 3 S48t E9F
I PP fRo R oy 2ppt fojHoR &9
THp<0.05). B2 TR 71.33~73.27 ¢/100 g0 & &2

Table 1. The proximate compositions of the Korean maize hybrids according to the cultivar

Cultivar Parent Kernel Moisture Crude fat Crude ash Crude protein  Carbohydrate Amylose
type (g/100 g) (g/100 g) (g/100 g) (g/100 g) (g/100 g) (g/100 g)
Seed  Flint  10.30+0.02%V 4.21+0.08" 1.4140.03¢ 11.7120.06° 72.38+0.09° 20.31+£0.26°
Gangdaok
Pollen Flint  10.47+0.03" 4.17+0.07* 1.50+0.02° 10.860.05° 72.99+0.04° 20.36+0.11°
Seed  Dent 9.84+0.05¢ 4.2140.05 1.64+0.02° 12.35+0.03° 71.97+0.04¢ 20.43+0.06°
Hwangdaok
Pollen Dent 9.58+0.02° 4.06+0.07° 1.83+0.03 11.26+0.10° 73.27+0.08 24.76+0.16°
Seed Dent  10.42+0.06° 4.01+0.11° 1.38+0.03¢ 11.30+0.04¢ 72.88+0.18° 19.50+0.22°
Kwangpyeongok
Pollen Dent  10.07+0.01° 3.90+0.02° 1.85+0.05" 12.8540.02° 71.33+0.07° 20.24+0.35°

D All values are expressed as the meantS.D. of triplicate determinations. Means with different superscripts within a column (*°) are
significantly different at p<0.05 by a one-way analysis of variance (ANOVA) using Duncan’s multiple range test.
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AR ALY 7Y Ggne] 4348 B
reiA QIrkKim 5 2012), F2o] WOl S8}
QAR e] Aol Atk 2L e (Kim 5 2018b),
AR SO, BYE, AES DT BAS
Be 4P YA o) 7R Fret 4o 2
FthLee & Kim 1992). Tebs] $550] £5 2
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3. 44 B3 OS2 $EH20| BMS N B
B 9 ST sEAOR SuE 8440 F B
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2t §oAQl AJolE Hol= Ao E UBHgTHp<0.05).
SAR} SHEF 08 wHfste] 8k S4420] F EduE
Sk rre o] A9 Z47b 133541 @ 1,511.55 ng GAE/go.

Table 2. The color, water binding capacity, solubility, and swelling power of the Korean maize hybrids according to the

cultivar
. Water binding Water solubility Swelling power
Cultivar Parent L-value a-value b-value capacity (%) index (%) %)

Seed  39.81+0.30°" 0.05+0.05% 18.47+0.04* 123.29+1.30¢ 4.69+0.25° 20.48+0.05°

Gangdaok
Pollen  44.78+0.40° —0.010.05° 5.85+0.02¢ 129.8442.66° 5.21+0.14° 20.90+0.12¢
Seed  43.09+0.79¢ 0.48+0.0° 14.66+0.74° 153.3243.75° 5.36+0.47" 20.69+0.25%

Hwangdaok
Pollen  46.25+0.48° 0.13+0.09° 13.86+0.18¢ 133.5343.60° 5.76+0.31° 21.47+0.35°
Seed  44.68+0.58° 0.55+0.06" 17.89+0.59* 131.8444.26° 4.73+0.29° 20.97+0.20°

Kwangpyeongok

Pollen  47.21+0.29" 0.1440.02° 15.10+0.43° 143.8343.85" 5.69+0.18° 20.11+0.21¢

D" All values are expressed as the meantS.D. of triplicate determinations. Means with different superscripts within a column (*°) are

significantly different at p<0.05 by a one-way analysis of variance (ANOVA) using Duncan’s multiple range test.
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Fig. 1. Total polyphenol and flavonoid contents of
ethanolic extracts on the Korean maize hybrids according to
the cultivar. ” Means in the same group with the different
letters (*°) are significantly (p<0.05) different by one-way
analysis of variance (ANOVA) using Duncan’s multiple
range test.

2 UeEt T gL 247} 1,690.67 2 1,876.29 ng GAE/g,
‘PP L0 7k7} 1,873.47 U 1,846.94 ng GAE/gC & e}
B} FrhEE AR vlsf SRRl oE wHiH &
57t w4 FEE L AR wHjE S557F 79
Ao ® EA et th(p<0.05). 3471y} shEx o2 wHjst
of g &40 F ETE ot T2 AThs o 7
717} 18424 9 200.15 pg CE/gO & UEhg T grpe o
7+ 313.39 9 395.85 ug CE/g, “¥8S"2 247 360.50 4
3.95 ng CE/gO 2 ‘27 3PP &2 FAZIof Hlg) @
g2 WHE &5 FROH (p<0.05), “BThe S &
O]l Zpo|& HolX| Attt HeF SFES A 20| Hol
2250 = E48 g2 TR7Y 2o EAEE 7HAH,
phenolic hydroxyl7] 7} el 53} Zh2 & HA}eto] Zts
ol Ak B 2 et 59 BYEEE THRE AR
EHA 31O H(Rice-Evans 5 1997), T oHrH E] =
FIEEES 2 PHES 7= Ao E A Aot
(Middleton & Kandaswami 1994). wehA B Ail= 244 &
TolA - B2 EA4E DEoto] HlE IFEC] 2 &
T %49 71ZARE &8o| 7T AoE

& A Ho
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S F3Y B2 FE2Q| gt g4
S 9 S SFEH O R £ 5449 radical &
F o] F5ol "=t 942l
= A2 E YETHp<0.05). SAZ} sHEZI 0
o =8k S FEE2] DPPH radical 24 €4
‘BorLo] AL Z42F 171.75 2 176.39 mg TE/100 gC. &2
UeRG A L0 2k 206.50 2 206.28 mg TE/100 g, 3%
B2 Z+7) 239.16 & 222.98 mg TE/100 gO & “FHL2 2
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Fig. 2. DPPH and ABTS radical scavenging activities of
ethanolic extracts on the Korean maize hybrids according to
the cultivar. ” Means in the same group with the different
letters () are significantly (p<0.05) different by one-way
analysis of variance (ANOVA) using Duncan’s multiple
range test.

ShEZlO] H|g FAXOE WHjH STt foFoR =
UL H(p<0.05), “FFhE T} GFrh 2 72 FQl Apo]E Ho|
2 ookt EAF sfEoZ wajste] $3kE ABTS
radical A2AZAFL T30 FL- 247 299.44 L 331.99 mg
TE/100 gO & Vel <gehe° 2 747t 35130 W 336.13 mg
TE/100 g, 4 EL°& 77} 361.47 & 364.09 mg TE/100 g2
T A2 SAXI0) g st E wHjdE S5t F
OH o R FUI P2 FAH SR wHijH S54T §
Ao 8 FROH(P<0.05), FHLZ FAZAA Aol& H
o|Z] Qkoith webA 2 Ade &4 §F504 B - FEY
542 295}9] radical £2AZA0] 2 FF 549 7=

Az o] Fs Ao Azt

(o] 1l
A3} Table 32} Zo] UEF T 238 THF2 8(-0.7697,
p<0.001)3+ 2|4} FH=F(-0.3956, p<0.05)T Ho] AATS H
R 2l Sheruke 9] 04867, p<0.05)S YERY
o, epolE ekl oA ety 22 Hoj Al
(-0.9480, p<0.001)S Erth SEATEL S5 (-04801,
p<0.05)3} 312 FHRH(-0.5563, p<0.0D)F} o] A
ERf o, 23]5(0.5013, p<0.05) RThlA (- 0.6614,
p<0.00D)T= 9] S Uit Seles 8
O] A -0.6139, p<0.01yZ YEFHGl O™, £35]5(0.8328,
p<0.001), oPLEA FHF(0.5346, p<0.01), SEZATE(0.4411,
p<0.05)7} 9] S Bt Bag2 2oy gkt B
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Table 3. Correlation coefficients among proximate compositions, water binding capacity (WB), water solubility index (WS),
swelling power (SP), total polyphenol (TP), flavonoid contents (TF), and radical scavenging activity of the Korean maize

hybrids according to the cultivar

Factor Fat Ash Protein Cai);:y- Amylose WB WS SP L-value a-value TP TF DPPH ABTS
Moisture ~ 0.0560™  -0.7697"" -03173"  0.0485" -0.7806"" -0.4801" -0.6139" -0.3062"° -0.2803" -0.0775" -0.4496™ -0.5208" -0.1644"S -0.1339"
Fat 10000 -0.3956"  -03073% 02058 -0.0405" -0.1436 -03546"  0.1698 -0.6664"" -0.0548" -0.6719"" -0.7418"" -0.6549"" -0.5759"
Ash 1.0000 04867°  -03310%  0.6033"  05013° 08328 -0.0136" 06649 -0.1888" 05373 070017 02192  0.3584"°
Protein 10000  -0.9480™" -02448™  0.6614™ 03041 -0.6905" 0.1134"  0.1985" 020795 04948" 03182 03811
Carbohydrate 1.0000 04643 -0.5563" -0.1801™  0.8249™ -0.0375" -0.1034" -0.0175" -03095™ -0.1823" -0.3136"
Amylose 10000 -0.0496" 053467  0.6296™  03105"° 02748 03107  02847" -0.0826" -0.1674"
WB 1.0000 04411 -0.1646"  03311™  04700° 04441  04760"  0.3964™  0.6488™"
WS 1.0000 00538 06184 02101 04564 05438 0.1579 03293
SP 1.0000 0.1289™  0.1404™ 02458 -0.0061™  0.0166 -0.0809"
L-value 1.0000 0.0071  0.8029™" 07674 0.5744"  0.7295™"
a-value 1.0000 04889"  03492%  0.6905™  0.5855"
TP 1.0000 09227 0.8847™"  0.8389"
TF 1.0000 0.8307""  0.7669™"
DPPH 1.0000 0.8622""
NNot significant.
"p<0.05, “'p<0.01, ""p<0.001.

o] AFH( -0.6905, p<0.001), EF4=3H2(0.8249, p<0.001) L o}
2A 3FEH0.6296, p<0.001)} Fo] A S HYth e R
A4 FFEF(-0.6664, p<0.001)T Fo] ATS B 23|E
3HEK(0.6649, p<0.001) X R3] %(0.6184, p<0.01)2} H ] Ak
= HQth & E9HsE ¢ EfEkolt FF2 A
(p<0.001)2} Fo] 2 Yetiglon, 23 & I, 74
o4, &k 9 Bt H9 4s UEith. DPPH %
ABTS radical 2A /-2 2R ggat Fo] A4S Ve
R HE B Aol o] A YEloH, 9] H
= SEde w2 49 ABEp<0.001)E Hole Aor u
EpTh. Radical 2482 AAE] Z3tE o] = Hes 4
ol 71Ql5te] /45 Yetl= ZA2E & w(Choi 5 2007),
S0 ohE Hs AR 5 T4KEE ARl 9Jdf radical
227G gol 7ofste AoE AZEHH

_IO_I_Oh al 7:1%

Q;\_/’\_g A AEO] ZAHR T} FHEAS ek
Oﬂ EH o]_ é J./\].Q]. %—H o 93\

E ol
=2 =
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