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Abstract: In this study, to explore the possibility of using discarded by-products of corn as a wrinkle-improving functional
material, the active ingredient contained in each part including kernel, cob, husk, and silk of 10 varieties of chodang
and waxy corn was identified and the content was analyzed to suggest the possibility of corn by-products as upcycling
materials. As a result of evaluating the collagen synthesis efficacy of extracts by part, the cob in chodang and waxy
corns showed significant activity at 100 xg/mL concentration of 176.5 and 140.0%, respectively. The LC-MS/MS qualitative
analysis resulted in the identification of 18 components in the cob, of which N,N-diferuloylputrescine (DFP) was selected
as an active ingredient, and the quantitative analysis was conducted by variety and part. As a result, DFP was confirmed
only in the cob and kernel, and it was most frequently detected in the cob of the Goldsugar of chodang corn (39.6 ug/g)
and Daehakchal of waxy corn (38.4 ug/g). The cob is a by-product left over from grain removal, and is expected to
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create new added value as a material that promotes collagen synthesis. Through this study, we propose the possibility

of using discarded cob as a wrinkle-improving functional material.

Keywords: Zea mays L., by-products, DFP, wrinkle-improving functional materials, upcycling

FEE TR O F SR, st RS s
o =z o7 QoS 9
Q4 asln A 5 oeld] Sesis o)
Q4 a9lo] QIFIL 55 o) Aol Zehle] by
3} Bafe] ol glck FepAe ujRo] e LY
o= Zlu] AxF7Fo 70 ~ 80%2] HlES AR =2t
AL 13, MFgo] F=a4dwtolH, 323} H ajilo|A 1§,
Zeple] o Ashrh 2l ez,
i—’F—’F(Zea mays L) oplelziold Rl W
(Gramineae) 2] A= A4 Wil Blo] AlA 3 of 2HEo|ch
Bl S skt 2o] = AR, HE,
g, il 7hREeols, ERtHo|EE EotSh,
AEvEsh ARY Bty 2 oHvh} 22 whddeto] v
1 S ARARITH]. o2t S AT AR
S, OJoRE & TRUsHA ol 8= QT3]
S 2H7F SRt weh S Sjer 22 FAL
= A= SRR FARES tftt s 2
A FBtal H7] =ar QIos]. Sdls ofiellM S
9 e P R s B R 505 A
wjglom, xﬂEiﬁk 39.1%), FujASEA42.1%), 21
uwl%olﬂ” AUTHO]. L= Lol ot A=
e S 1’41 F+Z&=9| 1,1-dephenyl-2- picrylhydrazyl
(DPPH) %! 2,2-azinobis-3-ethyl-benzothiazoline- ~ 6-sulfonic
acid (ABTS) radical A7%S b oghalsl mly, 8]
nitric oxide (NO) A/d Asll's-2 43 d5 afs], L
Az 2EE Aol= =%l H[WE Fof] ot catalase
B S WIRE Akt aaprh B owp Q9] =
gk HEAHES Tk Jlo] sledsle] a5l e
Aoz dHA el =kl B A= ZP‘“ S5

=43}

&) 2E2ES A= 3 Z2kA AA0,11] 3}71]1/}
A A&l &5{10] A7t LQ‘N o}, 511141 o

o) ARHER, 27, 9 4o, S8 gtk A o
oA Sk SV ofd R Helel Toa e
A 255 AZRE NN-iferuloylputrescine (DFP) 2

et} g ek A, 41494 A 2 &, 2023

coumaroyl feruloylputrescine (CFP)2] H2|9} ZatAl A4
2 EEAIGA Asl &s{12], 7 E‘fi_‘ 2 2NN &
T 7Y T R A 9 S=HAVA As B
o] Hal ¥ u} JJti{13].

B Aol 94 RAES ol 8% 38 M 7l
4 aA)2o] B4 Tl BUlo] o S HAE
& ZRG B9 222 Azslgon, Haobilze
Sehl TS Sslel BS BAISIAh EE liqud
chromatography—mass spectrometer (LC-MS) 402 3o|¥]
Sepil Ay SEARS DIPS ek T oot
I 1 HoEs J}OP]J] T]o]—Oﬂ] high performance liquid
chromatography (HPLC)S 2-83}o] DFP 3k 01319l

oh See] Ahee I B850t W2 b Hiel 3]

o183 %5

ol B4 ol Awe WbHE FEe Aoz
Z\hEEH14]. B 5)5 ulg Holo] PHilo] FlshaA

=312 vix)Ely] 9Jst Al ESF 2718k ulel, HARER
HEA| I Q= HAE o]&3le] FE2 /A 7154 A2
o] 3§ 7P5AS ANSEILAL e,

2. WE %

21, A =2
£ AFON ANGE S Zea mays L) 5 AEAZO
ARG 2RSS T Ol Korea)ol 4 s

. T:HQL%_;}ﬁ’\/\L F5 U U7 1eAlE (Korea)oll 4]
TEIRron, 7F &= Ad(kemel), <t(cob), EY
(husk), stk 02 Befslo] Al A Azs AMgSlc
Aol ARSIt S 2EE 4 7l EE(HSt

T Dachakdan), ¥7H2=(Megagold), 7He(Cabo) 3! E=A77}
(Goldsugar)) 2R 6 7)) E(EEHEE Hwanggeummatchal),
-5 Parrtennongheuksaek), 531 Parranmonghuinsaek),
bg(Taeyangchal) T3P Gohyangehal) 2 o} Dachokehal))
o W 10 7| EES ARSI 10 7l FFO] S5
28 3G =o7|eAEoA ARE AR TRl A
SIGE 25p0] Az W7|AZTIE5 T, 3 )F AN
o sttt FARAl: delesrg g3

J




S5 WATS o§F FE MM N154 A4 BE FSH AT 109

Sam Beun oW S, ¥4 59 27eem)
9 ol o Helsigon, Halz B 4
=9 7] 2 mme] FFAE Sk S A AR
A5k

2.2. MIIL H{RE

A|3ZF= ATCC (American Type Culture Collection, USA)
25 Hope AROMEIR cell)E Agsielon,
Al uieoll ARSE HiX] DMEM (Dulbecco's Modified
Eagle's Medium, Hyclone Lab., USA)2 10% FBS (Fetal
Bovine Serum, Gibco, USA), 100 U/mL penicillin and 50
ug/mL streptomycin (Gibco, USA)S &3gtstgon 37 C,
5% CO, incubator (BB15, Thermo, USA)oj|A] vljofs}Sict
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Lo mWE Hs68 cells®] AEES 4] el cell
viability assay = AAEHACE HMEES 1 x 10* cellswell©] 5
T2 96 well plate (SPL Life Sciences, Korea)o]] H55}0]
37 C, 5% CO, 274 24 h 5t F2AF1 & FHo]
e HiAloll AlRE FEEE 3Aste] HiRE wAste]
24 h 5ok o wjeksigick wle T 2 wello] Rsje] 110
9] CCK-8 &-MNDojindo, Japan)S 718}l 2 h &< 37 C,
5% CO, ZAofA HEAIZ] F microplate reader (Synergy
HT, BIO-TEK Inc., USAYE ©|-83}0] 450 nmoj|A] &-4%=
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5% C0y 270K 24 h B-F H2A]7) & Bo] g v
Aol ARE e s4sl] WAL 24 h o ok}
Ack. WjoF ¥ djefete F4:519] Procollagen Type I
C-peptide EIA kit (Takara, Japan)S o} 83}0] A|ZAL] 4
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2.5. LC-MS/MSE 0|8 S &0 HHEA

LC system2 Vanquish Horizon UHPLC (Thermo Fisher
Scientific, USA)7|712 ARga}ch MEFEA7|= Orbitrap
ID-X (Thermo Fisher Scientific, USA)S AME-3}IC 541
Z78 Z¥7} Table 13} Table 29} Zth

DFP st Ffelol 29954 4 7 BECHSIE
W7, Fh 9 BT, B84 6 /) BREE
B ST, B, P TFE L ok =
10 7) B2 76 ) R, S, 2, 29 E
71 % ol tfste] $EE sk FEol ALSE &

Table 1. Liquid Chromatography Parameters for Qualitative Analysis

Instrument Thermo Vanquish Horizon UHPLC
Column Hypersil GOLD Vanquish
2.1 x 150 mm, 1.9 um
Flow rate 0.3 mL/min
Column temp. 45 °C
Sample temp. 7 °C
Injection volume 1 uL

lonized mode Positive mode Negative mode

A: 0.1% FA % in A: 0.1% FA in
Solvent water water
B: ACN " B: ACN
Time (min) A% B%
0 95 5
3 95 5
7 88.5 11.5
8 88 12
15 86 14
Gradient 25 75 25
27 50 50
29 50 50
34 40 60
36 0 100
50 0 100
55 95 5

a) FA: Formic acid
b) ACN: Acetonitrile
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Table 2. Mass Spectrometry Parameters for Qualitative Analysis
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Table 3. Liquid Chromatography Parameters for Quantitative Analysis

Instrument Orbitrap ID-X Instrument SHIMADZU Prominence HPLC
Scan type Full MS-ddMS? Column Osaka Soda CAPCELLPAK C18, Cyg,
MS/MS? resolution 240,000 / 15,000 4.6 x 250 mm, 5 um
HCD collision energy 30, 40, 50(assisted HCD) Flow rate 1 mL/min
Ton transfer tube temp. 320 °C Column temp. 40 °C
Vaporizer temp. 300 °C Injection volume 10 uL
Sheath gas 50 Detector UV 310 nm
Aux gas 10 Solvent A 0.05% Phosphoric B: MeOH
Polarity Positive mode Negative mode acid in H,0
Scan range 150 ~ 2,000 150 ~ 2,000 Time (min) A% B%
ESI spray voltage (V) 3,500 3,000 0 80 20
10 80 20
ujl= ofl2h&(OCT Company Lid, Korea), 2577} AM§=1%) 1 % 0
ok 10 A #3522} 6 A 9ol ohet £ 10 gofl 20 ® 0
75% offghE 100 mLE Wi 2Su $Z7|(BRANSON Gradient 2 40 60
8800, 40 KHz, 280 W, Korea)2 1 h 281} 2%2 As)5} 30 40 60
k. 2ZohS oJ7X|(ADVANTEC No. 5C, Japan)S ARE- 35 20 80
slo] ofu} & ZQF e=5to] 75% ofekd FEES ATk 40 20 80
HEk2(Burdick & Jackson, USA)Z €3] & 10 mLZ A& 50 0 100
3}k o] NS PTFE-H Syringe Filter (0.2 ym, HYUNDAI 60 80 20

MICRO, Korea)= FIAZ] & Aekiilof] AMgsIoct #
g 2L QJsle] EFEE DFP (90.09%, Cfim Oskar
Tropitzsch GmbH, Germany)& 1, 5, 10, 50, 100 yg/mL2] 3
TEAS ThEo] AR & AR = 32547.6X -
18941.0, AFHAIS(coefficient of determination (R?))
0.9999)= 2Hgdsto] kAol ARESISITE 4 20
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H, BAEAS sigma plot 12.0(SYSTAT, USA)S ARg3}0]
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Figure 1. Cell viability of extracts from Chodang (A) and Daehakchal (B) on Hs68 cells. The cells were treated with extracts for 24 h.

The results were expressed as the mean + SD from the three independent experiment. p < 0.05, “p < 0.01, “p < 0.001 indicate a

significant difference from the control.
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Figure 2. Collagen synthesis effects of extracts from Chodang (A) and Daechakchal (B) on Hs68 cells. The results were expressed as
the mean £ SD from the three independent experiment. *p < 0.05, **p < 0.01, ***p < 0.001 indicate a significant difference from the

no treatment (only vehicle). A.A: L-ascorbic acid, positive control.
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Figure 3. Base peak LC chromatograms of cob of Zea mays L. using LC-MS in positive ion mode (A) and negative ion mode (B). 9
phenolic amides (6 ~ 13, 15), 4 fatty acids (14, 16 ~ 18), and 5 phenolic compounds (1, 2, 4, 5, 15) were identified.
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Figure 4. Chemical structure of DFP.
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Table 4. Tentatively Identified Compounds in Cob of Zea mays L. Using LC-MS/MS

No. Mode mz Retention time Name MS?

1 NEG* 191.0556 3.72 Quinic acid 127.0393, 109.0287, 93.0337, 85.0287

2 NEG  290.0871 4.05 Pyroglutamic acid hexoside 200.0557, 128.0345

3 POS"  265.1536 831 o (4'm“°b:gi;frjs_';§a‘;§£ -methoxyph 177.0542

4 NEG  163.0397 10.66 Hydroxycinnamic acid 119.0501

5 NEG 237.0761 13.32 Glyceryl coumarate 163.0390, 119.0493
N-[3-[[(E)-3-(3,4-dimethoxyphenyl)prop-2-en

6 POS  494.2371 2431 oyl]amino]propyl]-2-methylprop-2-enamide 209.0798, 177.0542, 181.0852

hexoside

7 NEG  282.1125 24.85 Coumaroyltyramine 174.0556, 162.0550, 132.0573, 119.0493

8 POS  314.1377 25.94 N-feruloyltyramine 194.0808, 186'051221"01612'0542’ 145.0275,

9 NEG  312.1233 26.05 Feruoyltyramine 190.0499, 178.0501, 148.0521, 135.0442

10 POS  411.1902 26.75 Coumaroyl feruloylputrescine 265.1529, 235.1436, 177.0542, 147.0435

11 POS  441.2006 27.36 N,N-Diferuloylputrescine 265.1548, 177.0542

12 POS 3252274 2818 1'{4'[(4;1?31?;11?&2?}1;3;’2225:;%};? (piperi 233.1645, 910539, 86.0961

13 NEG 413.1231 28.82 Coumaroyl-feruloylglycerol 235.0607, 193.0500, 163.0396

14 NEG  329.2324 29.18 Trihydroxy octadecenoic acid 211.1328, 171.1016, 139.1186

15 POS  557.1638 29.32 Phenolic amide glycoside 303.0871, 285.0769, 177.0542, 169.0492

16 NEG 329.2324 29.86 Trihydroxy octadecenoic acid 201.1128, 171.1016, 139.1186, 127.1122

17  NEG  193.0899 3142 Sulfur containing fatty acid 79.9567(sulfur trioxide)

18 NEG 277.9071 32.17 Sulfur containing fatty acid 197.9504, 134.0064

a) Negative ion mode
b) Positive ion mode

= 9 ool 2} 226 uglg, 25.6 pglg, THEFES EP_;L' )
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uf, 2ol 7he FFO] 965 ugle, HSo
A= BeHs E50] 79.7 ugle® 71 E9kh o)
A DFPQ] 3RS H|WEIRS uj), Zorerois ==
H7} EEO] 396 uglg o N fiEkat Epo)
384 ugg= 7V =Tk

A3l ALolA L<4=5= ARKEE DFPL] Ha]e} DFEPo
et ek A 8 iﬂbﬂbhﬂ As) G50] Bl H bt
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oA S=H A4 EvOl kel FEhl o At
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»
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]
o g

A2 A7 Lascorbic acide} SABIAL 94
Lo woltty HuEQryI2). o]H ATt Ayl 24
91 DFP FRe d=pold 2954571 326 ~
9.5 uglg, F2557} 164 ~ 797 ugg®l WIS 7,

{

o
ng o

ZrfollA] ZF2g7) 209 ~ 396 ugly FL44T)
256 ~ 384 uglg®] WIS 7H= Aol ERIE T

9 ois oFaryl Zerflof| SRl DFPO] e xjol7} 9lo

U, AR 2 271248 Edlo] FERS = 4= gl T4
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Table 5. DFP Content in Six Parts of Ten Cultivars of Corn Table 5. (Continued)
Zea s L.
(Zea mays L) Cultivar Parts DFP (ug/e)
Cultivar Parts DFP (ug/g) Husk ND
Kernel 326+ 03 ° Pamhannong Leaf ND
huinsaek
Cob 209 + 0.1 Stem ND
Silk ND ° Kernel 234 + 02
Daehakdan
Husk ND Cob 325+ 0.2
Leaf ND Silk ND
Taeyangchal
Stem ND Husk ND
Kernel 645+ 03 Leaf ND
Cob 275 £ 03 Stem ND
Silk ND Kernel 22.6 £ 0.2
Megagold
Husk ND Waxy corn Cob 256 £ 0.3
Leaf ND Silk ND
Gohyangchal
Chodang Stem ND Husk ND
corn Kernel 96.5 + 1.9 Leaf ND
Cob 343 + 0.0 Stem ND
Silk ND Kernel 228 £ 0.2
Cabo
Husk ND Cob 384 + 0.5
Leaf ND Silk ND
Daehakchal
Stem ND Husk ND
Kernel 49.6 = 0.1 Leaf ND
Cob 39.6 £ 03 Stem ND
Silk ND a) Mean = SD (N = 3)
Goldsugar Husk ND b) ND: Not detected
Leaf ND
Stem ND 4. 4 =2
Kernel 182 + 0.3
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