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Quantitative Changes of Hydroxycinnamic Acid Derivatives and Anthocyanin
in Corn (Zea mays L.) According to Cultivars and Heat Processes
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Abstract

Hydroxycinnamic acid derivatives (HADs) and anthocyanins in corn (Zea mays L.) have recently been reported
to have anticarcinogenic, anti—hypertensive, antidiabetic, antifungal, antioxidant, and anti-melanogenic activities.
Five HADs and anthocyanins in corn were quantified by HPLC according to cultivars and heat processes. In
addition, major anthocyanin of a black waxy corn was isolated and identified by several instrumental analysis,
and its content was also quantified by HPLC according to heat processes. Of the ten corn cultivars, five waxy
corn cultivars had moderate five HADs contents except “Baksa” waxy corn with higher two free cinnamic acids
(FCAs), p—coumaric and ferulic acids. In contrast, three dent corn cultivars contained higher levels of three
polyamine conjugates (PCs), CFP, DCP and DFP, and especially “P3394” had the highest amount of the three
PCs. Two sweet corn cultivars had generally intermediate HADs levels between waxy and dent corn cultivars.
Of the three colored-waxy corns, a black Mibaek waxy corn had the highest anthocyanin content. During heat
processes, levels of two FCAs in the black waxy corn generally increased, whereas no significant change on
three PCs contents was observed except the puffing process. Roasting, retort and puffing processes significantly
increased two FCAs and especially, the puffed black waxy corn had the highest amount of FCAs. Meanwhile,
most heat treatments except retort process, considerably decreased total anthocyanin contents, and especially
the puffed black waxy corn had nearly no anthocyanin. Level of one major anthocyanin, pelargonidin 3-glucoside
(P3G) isolated from a black waxy corn was appreciably decreased by heat treatments except retort process, which
greatly increased P3G content. These results suggest that the retorted black waxy corn may be a promising

high quality functional corn product.

Key words: corn (Zea mays L.), hydroxycinnamic acid derivatives (HADs), anthocyanin, pelargonidin 3-glucoside,

quantitative change, cultivars, heat process
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(24)& °oFzF A¥ste o 2o] SH AT S5 7
(B0 g)dll 80% o&E&58A 2 LE 73k F ultrasonic
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FF 5t dREFEES AU Uy, AEFSFEES 0
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439t} ©o] & 045 ym PVDF syringe filter(Whatman,
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5 st} WA A -7 B FFAHERS
E Hekgd 83l o UV-Vis spec-
trophotometer(S-3100, SINCO)E A}&-3}a] 200~600 nm
QAo N F4 948 scanningdte] HHEFGF I M pa) S
At on, o2 RE BAFZAT(9)E FEAAT
o 222z 3E 27 H anthocyanin A42] "H-NMR(400
MHz)$} ®C-NMR(100 MHz) spectra:= Varian Unity Plus
400 spectrometer(Palo Alto, CA, USA)S Al&3le] =438}
ot olw tetramethylsilane(TMS)S WEEEE2 =
7Fsted 384 21X olF i S(ppm)E YER e, o
2] coupling constant(/)£ HzE YER AT mfxtoz B
2]% anthocyanin A9 BA#E =3 93] FAB-MS
(fast atom bombardment mass spectrometer, JMS-700,
JEOL, Tokyo, Japan)& ©]-&3td A3, ojuf 3-
nitrobenzyl alcohol& mounting matrix® AF&3F3th
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10 mL2 &3jA17] & 22 §uj2 108 3]st wg] &4
3 A1A & Sep-Pak Cig cartridge(Waters, Milford, USA)
o] B#AZ] & HPLCE 49| TS ZA313 o, ol
HPLC £4z=7-& Table 13 £t} HPLCZ &2 & 249
peake oA EZH FH A4 pelargonidin 3-glucoside
(P3G)2] retention time¥} Hlw3}e] &2lsldom 71D A g

Table 1. HPLC conditions for quantitative analysis of antho-
cyanin compositions in black Mibaek waxy corn

Item Operation condition

HPLC system Waters 600 controller HPLC System
YMC-Pack Pro Cig column

Column (5 pm, 46x250 mm, YMC Inc., USA)
A: 0.05% TFA in H-O
Solvent B: 0.056% TFA in 100% CHsCN
Linear gradient elution from A to B for 70 min
Detector UVs520 nm
Flow rate 0.8 mL/min
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Fig. 1. HPLC chromatograms of pelargonidin 3-glucoside
(A) and a partially purified MeOH extract (B) from black
waxy corn.
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314 5 7}A] HADs, CA, FA, DCF 21
HPLCE o] &3t &4 F38 543 A%< Table 3%
2t Ax e EL 545 CAMU64 ng/g, AEF), FAGY0
ng/g), CFP(2.82 ng/g), DCP(1.41 pg/g) 2 DFP(8.19 ng/g)
o) ar, MALES-4=4=9] & CA(15.32 pg/g), FA(20.47
ug/g), CFP(1.29 ng/g) 2 DFP(2.11 pg/g)olAom, &= o]
2844 e CAB25 pg/e), FA(12.20 pg/g), CFP(1.41
ng/g) 2 DFP(3.26 ng/g)ol Att. vl &S+ CA(G.16
ng/g), FA(8.39 ng/g)ol o1} 371A] PCs ke ml 2o}
a1, BojwFe =] Fheke CA807 pg/g), FA(11.44 pg/
g), CFP(1.34 pg/g) @ DFP(2.04 ng/g)24 t&z2S552
Al estal DCP= A9 EA8HA] &Uth ¢4, ALE§ S5
2l FHL(GPO)9] S ®wm CA258 ng/g), FA(2.87
ng/g), CFP(7.48 ng/g), DCP(11.48 pg/g), DFP(51.75 ng/g)
oleow, ZFthE(GDO)-S CA(1.23 ng/g), FA(H| %), CFP
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Table 2. Contents of proximate compositions of 7 corn cultivars

Proximate composition (%)

Type Cultivar - 5 - — -

Moisture NFE Protein Lipid Fiber Ash
Daehak 4.13+1.17 79.75+£0.07 11.02+0.11 3.32+£0.03 242+0.11 1.79+0.06
Waxy corn Baksa 4.79+0.08 78.61+0.02 11.45+0.03 3.21£0.02 3.40+0.07 1.95+0.05
y Mibaek 4.86+0.20 76.28+0.11 12.10+0.21 4.86+0.03 2.42+0.02 1.91+0.02
Black Mibaek 7.30+0.22 76.40+0.09 10.56+0.04 3.93+0.06 2.09+0.13 1.83+0.02
Dent com  GPO? 10.07+0.14 78.26 £0.04 7.11+0.77 3.16£0.53 2.74+0.18 1.40+0.01
Sweet cormn Gamiok 7.03£0.03 65.57+0.06 13.09+0.14 12.35+0.01 7.81+£0.22 1.96+0.01
o Gamichal 590+0.13 71.82+0.08 15.15+0.21 5.29+0.06 2.68+0.32 1.86+0.03

Values are mean=SD of triplicate analyses.
. 2
l)Nltrogen free extract. “)Gwangpyeongok.
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Table 3. Levels of five hydroxycinnamic acid derivatives (HADs) in 10 different corn cultivars harvested in Korea
HAD (ng/g, dry weight)

Corn type Cultivar
CA FA CFP DCP DFP
Dachak 4.64£0.09° 5.90£0.06' 2.82+0.73° 1.41£0.05° 8.19+0.22°
Baksa 15.32%0.56° 20.47£0.72 1.29%0.03° T 2.11+0.08'
Waxy corn  Aloggi 8.25+0.13 12.20+0.27¢ 1.41+0.04° Tr 3.26+0.10°
Mibaek 516+0.11° 8.39+0.31° Tr Tr ND
Black Mibaek 8.07+0.21¢ 11.44+0.61¢ 1.34+0.05¢ Tr 2.04+0.03"
GPOY 2.58+0.13" 2.87+0.17* 7.48£0.36" 11.48+0.35° 51.75+2.71°
Dent com  GDO? 1.23%0.09° Tr 10.20£0.37° 16.08+0.82" 50.14+2.94°
P3394 ND? ND 13.38+1.59° 43.69+2.10° 136.75+3.90°
Swoet Gamiok 13.04+0.63 17.46+0.81° Tr Tr 11.01+0.32¢
WEEL COL G amichal 11.23+0.21° 13.64%0.37° Tr Tr 9.45+0.23¢

CA: p—coumaric acid, FA: ferulic acid, CFP: N-p—coumaroyl-N'~-feruloylputrescine, DCP: N,N'-dicoumaroylputrescine, DFP: N,N'~
diferuloylputrescine, KPO: Gwangpyeongok, GDO: Gangdaok.

Data are mean=+SD of triplicate determinations. Values with the different superscript letters in each column are significantly different
at p<0.05.

YGwangpyeongok. ?Gangdaok. Trace (<1.0 pg/g). “Not detected.

(10.20 pg/g), DCP(16.08 pg/g) 2 DFP(50.14 pg/g)° At 3VIX| E=2449| & OtEA|Op A4 E2F H T

AIEE S5 F 99 9 T P3394= CA 2 FAE ol A BAEE 371%] FS 5= (ukA), g=2o] 2 B
A9l EA)skA Zkod CFP(13.38 pg/g), DCP(43.69 pg/ W)o] F AFEAOM S 545 AF= Table 49 2t
g), DFP(136.75 png/g) 224 &5 FE 5 7 B2 PCs AL 2SS4 203 meg/g(RET), EFo) @44 343

FEFe UBUAT. Bt PUSEs T VLS mgg B HOIDBEES 435 me/ge 2A FrluES
CAU3.04 ug/e), FAUTA46 yg/g), CFP B DCPE makoldl %9 % ghEAlOPd A4 ghe] 718 Bith 2854
©B] DFP(I101 pg/g)ol T, 0l 2S44E CAL23 Sl 2 FHo|BS4sE 35 29Tl 4T 54

ng/g), FA(13.64 pg/g), CFP ¥ DCP+= v #o|¢lo ™, DFP A

(945 pg/g) 2 YEtET) ol9} o] &4 5 T ASTFT o]

£ CA 2 FA9} 22 free cinnamic acids(FCAs)¢ PCsZ 7F 4 g-Eo] o] Q7] & wkd
2]
<

Ny oo > o o Bromy 2 oy ¥

21 R
FnT T YE W, AR B PUF SFFE B = Fol AN e AT g EH 7]
Geol G 747 B2 P PCs B FCASS B3 19l A BUFSEA gt o] 958 B ol /154 =
o 2E3 BE55 F RS SSY ARE S55 5 ohd MaE oY F5 Qo) YIAFHECE 43
P3304E 714 £ FCAsSh PCs %€ 217 Yepj ey, 23 QukGl. bk 52855E g40] o7 vdst
olef@ AWE HRo] B ) BE4S F LS SR g ol $A gk Bxlel ATkEL. mekd Btatk 715
Mgt ) B9F, FU B G FCAs Fol @ RSSO V54S /2 4 dE 98

%9 7ol Hasiy.

ZIgxzof WE SESTTo| HADs B2 Bi5)

¥, retort, microwave, 33} 2 &P} 22
7hEAE = F79 YA, 7154, 2 71EAES A=

Zhegos & 4#A Auk32). wakA 574A] 7rE gl

oA %‘:‘Jﬁ%‘;}% AR 2 A -C’r;@% & & AR, of

gt o] 73 PCs
RS o]l & A7 52F
ol\} bS] el e stthar AR TH26-30). A= 7t
A 449 HADs g S0 #st A& B Sosulski

S(L AlEg 22220 2 5 A|IArsl 3R] AE = ] o _ B T
(1)< A 073;—;:0“ 23 ]ua;@;aog ] O]ﬁof (B-S retort, microwave, 3} 2 FEHH) w2 S0
1020 ua/e, AHIE 5060 ue/e 7S FHHAN SAEE fg) 5510 pADse) Fpel WalE 24 BIE Table
B33k vl7F 9921 Dewanto 5(21)2 2| SFFod= 7

5 5 - 5h0 3 oo
2|8 FA g&o] 1= 5 1~2 ug/g e dshal des Table 4. Levels of total anthocyanin in three colored-waxy
B3% uph Qo ool S44e] EEe| weh HADs & corns
Zo] i Zol7l S-S & 4 Ao, S442 571X HADs Waxy corn Total anthocyanin (mg/g, dry weight)
FgFS A ST AT o|Ho] Agolth I K55 Baksa 2.03+0.18°
o) HADs §% 24& $58 S54 $5 A ohet Alogei 343+0.23"

w . Black Mibaek 435+0.11°

5T 7158 =4 9] biomakerd] I &5 98 ¥

Data are mean=+SD of triplicate analyses. Values with the dif-
ferent superscript letters in each column are significantly dif-
ferent at p<0.05.
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Table 5. Quantitative change of five hydroxycinnamic acid derivatives (HADs) in black Mibaek waxy corn prepared by five

different heat processes

HAD (ng/g, dry weight)

Heat process

CA FA CFP DCP DFP
Control 8.07+0.21° 11.44+0.61° 1.34+0.05" Tr" 2.04+0.03°
Roasting 11.14+0.50° 19.06+0.56° 1.54+0.06° Tr 2.72+0.05°
Retort 15.93+0.55 24.87+0.64° 1.35+0.04" Tr 2.31+0.05°
Microwave 8.03+0.22¢ 12.81+0.27° 1.35+0.03" Tr 2.6940.10°
Puffing 18.56+0.43° 33.06+0.87 1.48+0.05" 1.23+0.05 5.73+0.11°
Extruding 9.10%0.32¢ 15.04%0.47° 1.56+0.05° Tr 2.74%0.07

HAD: Hydroxycinnamic acid derivative, CA: p—coumaric acid, FA: ferulic acid, CFP: N-p-coumaroyl-N'-feruloylputrescine, DCP:

N,N'-dicoumaroylputrescine, DFP: N,N'-diferuloylputrescine.

Data are mean=SD of triplicate determinations. Values with the different superscript letters in each column are significantly different

at p<0.05.
YTrace (<1.0 pg/g).
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= Table 63 2T} WA vH7FEx 8T
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Table 6. Quantitative changes of total anthocyanin in black
Mibaek waxy corn prepared by five different heat processes

Heat process Total anthocyanin (mg/g, dry weight)

Control 4.35+0.11%
Roasting 3.48+0.03"
Retort 445+0.12%
Microwave 3.77+0.30
Puffing Tr

Extruding 3.63+0.42

Data are mean=®=SD of triplicate analyses. Values with the
different superscript letters in each column are significantly
different at p<0.05.
YTrace (<1.0 pg/g).
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Fig. 2. UV absorption spectra of pelargonidin 3-glucoside
isolated from black waxy corn.

FAB-MS spectrum of P3G

Fig. 3. FAB-MS spectrum of pelargonidin 3—-glucoside isolated
from black waxy corn.
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% 'H- 9 BC-NMR spectrum& 242+ 2438 A3= Fig.
4 2 Fig. 59} 2ot 'H-NMR spectrum< B9 § 893(1H,
s)ol A @Y 4 peak, § 645(1H, d, J=1.0 Hz)9} § 6.69(1H,
d, J=1.0 Hz)oll4] meta couplingdtil A= 27019 4
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d, J=9.2 Hz)ll A 1,4-disubstituted benzene ringoll 7]<13}

= protonE°] AsBs typelE YEY I 1o § 5.05(1H,

1H-NMR spectrum of P3G

Fig. 4. "H-NMR spectrum of pelargonidin 3-glucoside isolated
from black waxy corn.

1BC-NMR spectrum of P3G

oH

o,

Fig. 5. BC-NMR spectrum of pelargonidin 3-glucoside isolated
from black waxy corn.
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Table 7. NMR and FAB-MS spectral data of pelargonidin
3-glucoside in black waxy corn (10% d-CF;COOD-d-CD3;0D)

Position Pelargonidin 3-glucoside
"H-NMR

H-4 § 893 (1H, s)

H-6 § 6.45 (1H, d, J=1.0 Hz)

H-8 § 6.69 (1H, d, J=1.0 Hz)
H-2" & H-6’ § 8.36 (2H, d, J=9.2 Hz)
H-3" & H-5 § 6.82 (2H, d, J=9.2 Hz)

G1 (anomeric H) § 5.05 (1H, d, J=7.6 Hz)

G2 § 3.53 (1H, dd, J=7.6, 9.1 Hz)
G3 § 3.34 (1H, dd, J=9.1, 9.1 Hz)
G4 § 3.21 (1H, dd, J=9.1, 9.6 Hz)
G5 § 3.45 (1H, ddd, J=2.1, 6.0, 9.6 Hz)
G6a § 3.60 (1H, dd, J=6.0, 12.0 Hz)
G6b § 3.72 (1H, dd, J=2.1, 12.0 Hz)
BC-NMR

C-2 § 163.4

C-3 § 144.2

C4 § 136.6

C-5 § 158.4

C-6 § 1024

C-7 5 169.6

C-8 § 94.0

C-9 § 157.2

C-10 § 1124

Cc-1’ § 1196

c-2’ § 1345

Cc-3 § 119.0

c-4 § 1654

C-5' § 119.0

Cc-6’' § 1345

Gl § 110.2

G2 § 770

G3 5 776

G4 § 699

Gb § 79.3

G6 § 61.1

FAB-MS (m/z) [M+H] =433

9] 88} 2= pelargonidin 3-glucosided & AT 4= A
on, 259 AR 'H- & “C-NMR % FAB-MS spec-
tral datat= Table 73 2T},
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Table 8. Quantitative changes in pelargonidin 3-glucoside of
black Mibaek waxy corn prepared by five different heat
processes

Pelargonidin 3-glucoside

Heat process (mg%, dry weight)

Control 8.66+0.25"
Roasting 0.97+0.12
Retort 20.03£0.57"
Microwave 474+0.12°
Puffing NDV

Extruding 7.90+0.20

Data are mean®=SD of triplicate analyses. Values with the
different superscript letters in each column are significantly
different at p<0.05.

"Not detected.
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