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Changes in Functional Compounds and Antioxidant Activities in Storage Duration with
Accelerated Age—Conditioning of Oats

Yu Rim Son', Ji Hae Lee', Hyoung-Ho Park®, Byong Won Lee', Hyun-Joo Kim', Sang-lk Han', Koan Sik Woo',
Byoung-kyu Lee', Sang—-Chul Lee®, and Yu Young Lee""

ABSTRACT In this study, we investigated the changes in physicochemical properties, antioxidant activities, and contents of
functional compounds, such as avenanthramides (AVNs), vitamin E, and (-glucan, in oats by accelerated age-conditioning
(temperature: 45°C, relative humidity: 20%). No significant differences were observed in crude protein, crude fat, and AVNs
contents of three oat cultivars, up to 63 days of storage; however, their antioxidant activities, as well as S-glucan, vitamin E, and
fatty acid contents were significantly different (p < 0.05). G-glucan and fatty acid contents and the antioxidant activities of
Deayang (DY) cultivar did not change during storage. G-glucan and unsaturated fatty acid contents of Choyang (CY) and Jopung
(JP) increased during the storage period, while antioxidant activities did not (DPPH-CY; 48.1 to 26.9 mg TEAC/100 g, JP; 49.4
t026.7 mg TEAC/100 g. ABTS-CY; 88.4to 56.3 mg TEAC/100 g, JP; 80.0 to 55.8 mg TEAC/100 g). The total vitamin E content
in DY (1.20 to 0.85 mg/100 g) and CY (1.73 to 1.33 mg/100 g) decreased, but it was maintained in JP. This study indicated that
the changes in physicochemical properties and functional compounds of oat grains during storage depends on the cultivars. The
result showed that DY, which has the highest AVNs content, has more stable functional compounds and antioxidant activities
during storage. These results can serve as essential data for post-harvest management and development of functional food
materials for extending the use of oats.

Keywords : avenanthramide, accelerated age-conditioning, antioxidant activity, oats, storage

SEX AL T 8Ag e A as g R olststy o AFE v E T o] 2AEY| ol 250 wigt
E4 ¥l SoR 3 5 Ao A S thKimer  7He2 AR 212 HE) FAFA o) oY aFE v X tH(Choi
al., 2014; Shin e al., 2017). =] F8 /4 & F AEL  etal,2006; Son et al., 1999). wabA] =2 3 AHE 9| 44 Ul
== A S 7k Il 7HE WA et dofdti(Zhoua ) V)52 159 DA SUS WAk T A% AT ok
etal, 1999). A AL A& = Ab4 o} 7| &350 ALslE| AL, 7} A el(dvena sativa L.)= W1} 5=, g3 E4 o wtet A
el Tgolofl o8] A eutorAl = Qe el AHAE o] dA Al H = E A Bl eh E & shol = B o] T4
O FafEed, ofeh 22 A AtekE 2 SjAbd (hexanal)  off Eofol= Z1E R WhTh o2 HEof] vl A} o

e stEnd S FASe] FUIS MBI AL L WO Gl Rk eiA lou], AW A% HEsA

HRe Y a1, A & | 218 A 5| It Kwak e al., 2015; HEALO) H)8-0] 79~83% 2 =A 2}A 8}l Qith(Jeong ef al.,
Zhoua et al., 1999). E3F Ao & S/ =01, 2014; Vilmane et al., 2015; Lee et al., 2016). T3+ 2=t}

Tl ofjt oFA, A SISt skelA Wt Aoyt YR 7]e A e FRSEAL e 115 2~6%E AHA| 5kl

Dz T alemlshe] ZH2RE5 Department of Central Area Crop Science, National Institute of Crop Science, RDA, Suwon, 16429, Republic of Korea)
V=225 Y Agashyl 7)< X YT Headquarters, National Institute of Crop Science, RDA, Wanju, 55365, Republic of Korea)
VARG A H sk sl 3-8 1lakE(School of Applied Biosciences, Kyungpook National University, Daegu 41566, Republic of Korea)

"Corresponding author: Yu Young Lee; (Phone) +82-31-695-0621; (E-mail) leeyy260@korea.kr
<Received 22 February, 2018; Revised 2 April, 2018; Accepted 15 May, 2018>

© £ treix|o] HEHL gREBolelR|o] oD, olo] REETL =2HE S
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



150 OHEIX|(KOREAN J. CROP SCL.), 63(2), 2018

A= ]’“ Al(a-, B— -, 0= tocopherol)Q} 4712 EFLER

& o] A(a-, 8-, -, S-tocotrienol) 2 LA o] k. 1 F
YuhEREe iy PAs U YohEIH S
of vlsf FFAikst 5 o] 40~60uH Hcﬂ‘%% A TY2EHE
A8k, FHS, QA FGAIE FA 715 |3 Qe Aggarwal
et al.,2010; Serbinova ef al., 1991, Theriault etal., 1999). 9
2L o] g3t otk B F E glof o] wo] 3hoEo] 9lon, 1
SrolulseAba) vy 2o] Exatol 7154 FERA A7) &
ttal & A th(Vilmane ef al., 2015; Brindzova et al.,
2008). E3t 38 % 2ol So|H o2 Eajgkeya orejxl of

W2 2}u o] =(Avenanthramides, AVNs)= Z8 9| &5 3}
e, 0 ol et Ao 30 wel B s oy
2 Hol= Ao & X 1% o]9)tHEmmons & Peterson., 1999).
Bt op el ol Wo] 2 A% 5 Bl XA 2 o
Tolst= F2H BEAS9 BAEE AAIs) o] FoAl= A
= oetal, S W RS St antEQl Ao e o
A T MEA ==L i th(Karlberg, 2010).

YA 0.2 %ol TEH Aol ol Sistol 7357]
742 2-320] 29 ¥= - 97F ol g = A e o Adol ¥
a7 g A el A% 2L B Aol ol R 5tk A

P o4& Aol e AXE Yol =3 HSHE e sfo] A}

Fl

W
lo

O

2
lo
U
b
ot
i
o)
e
Jo
>
S
Am
o
o
N
2
8|S
il
o
ne
rir
i)
2

N
K b

ot
D
=
ol
o
rl

é
’P
(¢}

P

[\
S
\S]
N
24
OZi

AR EA ol 9%
AToNAE 7154 A E duw
74A) Fle] BN 2% 2F)S Ao
ﬂﬂﬂiﬂﬂ+ﬂzﬂWHﬂ%ﬂ

7} 5415} 24 0] WishS vl

oXl 7

ozi25=1->£mlor&

ox, U’.I)’
Kl
by
o
L

AT H

_|:10 E El)’
L rulm 3 F}E far

NERTET

AN Mz Y Mz =A

2 A= A A, 2 F50 2y 2F= A
B2 AMREI0n, o] AJRE 2016 % S0 A F2u} Aju)
20159 109 T+, 20164 69 £:3) =t Aot 2= 4
57, 4% (Relative humidity, RFH) 20% & Ao} ¥l 1= 3}7} 43}
ZA06 2 QFH o] E(DS-14 CLHP, Dasol Scientific, Korea)
of A 9(63¢) B ARSI A= 3Futct S=275}0]
527 %(Lyoph pride LP-10, Ilsinbiobase, Korea) - Automill
(TK-AM5-B, Tokken Inc, Japan)Z ©|-&3}] 1,100 rpm o2

2002 5ok Bafshelch. £4E Al 20T BaksheA
2410 ARg3he.

ZRETHHE] Of xX|db gk
ZobE skekS Micro-KjeldahlH-& 2harsle] =46}

A
THNICS, 2009). 2] A& 0.5 g2 Tz Bafjyto] Y 3
AL 10 mL} A S o] B3} 7](Tecator™ Digestor auto,
Foss, Denmark)E |83} 420°C o A4 1 A|7F 5o E38l5F4ct.
A2 ol K 225] WZEAIZ) T Thil A 24 7] (Vapodest® 505,
C. Gerhardt GmbH & Co. KG, Germany)E- ©|-&35}o] il
2 81FS =43}t
Z A5} k8- Soxtherm automatic system (Soxtherm® sox416,
C. Gerhardt GmbH & Co. KG, Germany)=- ©]-8-5}¢] A =¥}
FATHAOAC, 1990). B4 A& 2 g2 extraction thimbleo]| &
o kx| o & uty 8547} n-hexane 140 mL-S 7)1
187 Coll A 30 B7F 7k, 1 A7 B9t ==
71E 105 Tol A 1 AE&3F Az 31y *l’?’l 1:4
gato] ehga Aokl

2234
A% 2
RIgtar EAEA
F2J A& 0.3 gof methanol : toluene : 2,2-dimethoxypropane :
sulfuric acid (39:20:5:2, v/v) 2 A 2% X H9HAFA|2F3.3 mLS
7F5Fal 1.7 mL 9] heptane< 71| 65 Coll A 2047t 7+ 531
t}. 71E T AL o] A 10357} W ZFA| A fatty acid methyl esters
(FAMEs)7} $H7-5 A5 92 magnesium sulfateo]] 1A #
2 A1 5] H510h 34100 A1 gas chromatography
(GC, HP 6890 system, FID, Agilent, USA) 242 27| &&=
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Table 1. Crude protein and fat contents according to oat cultivars and storage duration.

Content (%) Crude protein Crude fat
Cultivar” DY (6)'¢ JP DY (6)'¢ JP
0 15.37+0.10" 10.510.12° 13.13+0.11° 7.99+£0.04° 10.79+0.15° 8.28+0.03"
Storage 21 15.87+0.26 10.820.02° 13.27+0.06 7.97+0.12° 12.30+0.18° 9.32+0.08"
(days) 42 15.87+0.06 10.800.06" 13.30+£0.01° 7.24+0.05° 12.1240.35° 9.3240.06
63 15.36+0.18° 11.07+0.05° 13.34+0.03° 8.28+0.27° 11.28+0.11° 7.71£0.11¢

UCultivars: DY, Daeyang; CY, Choyang; JP, Jopung.

IDifferent letters indicate a statistically significant(p < 0.05) difference between storage periods in the same cultivar.
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Fig. 1. Comparison of 3-glucan content according to oat cultivars and storage duration. DY, Daeyang; CY, Choyang; JP, Jopung.
IDifferent letters indicate a statistically significant(p < 0.05) difference between storage periods in the same cultivar.
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acid(t oF: 41.8%, Z9F: 38. 3%, ZF: 32.4%) ¢} linoleic acid
(HoF: 36.8%, 2% 36.2%, X3 39.4%)7} thHELS X} A5}
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ATk SR AL S0 A = oleic acid & H|-&o] o)A o2
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Table 2. Change in avenanthramide content according to storage duration in three oat cultivars.

Avenanthramides(x g/g)

Cultivar” Storage(days) C A B Total

DY 0 90.0+3.7° 42.0+1.5° 38.6+1.3% 170.6+6.5°
21 99.3+10.1° 452+5.4° 39.8+5.4° 184.2+19.3°
42 116.1+6.8° 54.0+2.6° 49.9+2.8° 220.1+11.9%
63 99.3+4.2° 42.1+2.0° 38.0+1.9° 179.4+7.7°

CcY 0 2.4+0.2° 1.6+0.1° 4.4+0.3 8.5+0.4°
21 2.7+0.9° 1.6£0.6° 3.7+£1.3% 8.0+2.8°
42 1.8+0.1° 1.8+0.3° 2.540.3 6.0+0.7°
63 3.1+0.0° 1.8+0.0° 4.4+0.1° 9.2+0.2°

P 0 3.5+0.1° 1.6+0.1° 3.5+0.3° 8.6+0.1°
21 3.3+0.3% 1.7+0.1 3.2+0.3 8.2+0.6°
42 2.9+0.1° 3.0+2.3% 2.2+0.3 8.0+2.6%
63 2.3+0.2¢ 3.8+0.6° 2.0+0.2° 8.1+1.0°

DCultivars: DY, Daeyang; CY, Choyang; JP, Jopung.

IDifferent letters indicate a statistically significant(p < 0.05) difference between storage periods in the same cultivar.
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palmitic acid®} stearic acide] 24J0] 2% HI}of| F7tE = ?_PDPPH, ABTS &4 H31= $91319 o} DPPH 2} A A
ARS welthe ATotl A DeolA £ AR 24 S RAe B A0 AR AT g wE o
0] GABE FUHE Heth EEKim 5O M § 2 A4 Bolse 2 4ahiet o] Holat 24 eheizio]
2 Aol Wt A Afo W=, F5 7He] Aol = A F AAE Fofsto] 4teks AAAN 7] = A7t Elth(Lee et al.,

AHAl 24 Heks Zelsh] of PR Uk, A7 7|1te] o3 2017). A7717F 5k HAta} 249 o] M35 A H i, DPPH
5 FFol wet ohE o] Uehdthal H sk 2ted Al 752 - H¥(32.1 mg TEAC/100 gof A 36.0

Table 3. Tocopherol and tocotrienol (mg/100g) contents according to oat cultivars and storage duration.

Storage

Cultivar” (days) a-TV B-T a-T3Y B-T3 Total a-T+a-T3Y
DY 0 0.33+0.02° 0.04+0.00° 0.74+0.02° 0.08+0.01° 1.20+0.03" 89.2
21 0.34+0.03° 0.04+0.00° 0.69+0.08 0.08+0.01° 1.16£0.13* 88.8
42 0.33+0.03° 0.04+0.01% 0.64+0.08" 0.07+0.01° 1.0740.12° 90.7
63 0.28+0.01° 0.03+0.01° 0.48+0.02° 0.05+0.00° 0.85+0.03° 89.4
CY 0 0.33+0.04° 0.06+0.02° 1.15+0.14° 0.19+0.04° 1.73+£0.23" 85.5
21 0.26+0.02° 0.06£0.01° 0.79+0.11° 0.14+0.02% 1.2540.16° 84.0
42 0.3240.02° 0.0620.00° 1.03£0.08°  0.16+0.01% 1.57+0.10% 86.0
63 0.30+0.02° 0.05+0.01° 0.87+0.15% 0.11+0.05° 1.33+0.20% 88.0
P 0 0.33+0.02° 0.0520.00° 0.54+0.05° 0.07+0.01° 0.99+0.09° 87.9
21 0.32+0.01° 0.04+0.00° 0.48+0.02° 0.07+0.01° 0.91+0.03° 87.9
42 0.38+0.00° 0.05+0.00° 0.59+0.01° 0.08+0.00" 1.10£0.01° 88.2
63 0.36+0.01° 0.0540.00° 0.51+0.01% 0.0740.00° 0.98+0.01% 88.8

YCorresponding tocopherols (T) and tocotrienols (T3):

ICultivars: DY, Daeyang; CY, Choyang; JP, Jopung.

IDifferent letters indicate a statistically significant(p < 0.05) difference between storage periods in the same cultivar.
YPercentage of sum of ¢-T and -T3.

Table 4. Comparison ratio of fatty acids in three oat cultivars.

Cultivar® Storage Area %
(days) Pal.” Ste. Ole. Linoleic. Linolenic. SFA USFA
0 17.2+0.1° 3.1£0.2° 41.8+0.3°  36.8+0.4° 1.240.0° 20.2+40.3°  79.8+0.7°
DY 21 17.2+0.8" 2.6+0.1° 41.9+1.5*  37.240.6" 1.1£0.1° 19.8+0.9°  80.2+2.1°
42 18.0+0.4% 2.7+0.0° 40.9+0.4*  37.2+0.1° 1.2+0.0° 20.7+0.4°  79.3+0.6"
63 17.2+0.1° 2.7+0.0° 42.4+0.1*°  36.6+0.1° 1.1£0.0° 19.940.1*°  80.1+£0.2°
0 21.1+0.6* 3.0£0.3° 38.3+0.6°  36.2+0.3° 1.4£0.0° 24.140.9*  75.9+0.9°
oy 21 18.9+0.7° 2.2+0.4° 43.040.6°  34.8+0.4° 1.1£0.0° 21.141.1°  78.9+1.1°
42 17.3+0.4° 1.7+0.0° 45.4+1.0° 34.5+0.5° 1.120.1° 19.0+0.5° 81.0+1.6"
63 17.4+0.1¢ 1.9+0.1° 45.7+0.1° 33.9+0.1° 1.1£0.0° 19.3+0.2° 80.7+0.2°
0 23.2+0.6° 3.540.6" 32.440.7°  39.4+1.2° 1.4+0.1° 26.7+1.1*  73.3+1.1°
21 19.9+0.6° 2.440.3° 38.5+0.6° 38.0+0.7° 1.2+0.1° 22.3+0.9°  77.7+0.9°
P 4 183£0.0°  2.0£0.1°  41.7+0.1°  36.9+02°  1.120.0°  203+02°  79.7+0.3"
63 18.6+0.1¢ 1.9+0.0° 42.1402°  36.2+0.2° 1.1£0.0° 20.6+0.2° 79.440.4*

Dpal., Palmitic acid; Ste., Stearic acid; Ole., Oleic acid; Linoleic., Linoleic acid; Linolenic., Linolenic acid, SFA; saturated fatty acids,
USFA; unsaturated fatty acids.

ICultivars: DY, Daeyang; CY, Choyang; JP, Jopung.

IDifferent letters indicate a statistically significant(p < 0.05) difference between storage periods in the same cultivar.
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(CY; 48.1 mg TEAC/100 g ©f| 4] 26.9 mg TEAC/100 g, JP;
49.4 mg TEAC/100 g 9|4 26.7 mg TEAC/100 g)(Fig. 2).

DPPH radical scavenging activity

21 42

cY
Storage(days)
Fig. 2. DPPH free radical-scavengin%

CY, Choyang; JP, Jopung.
periods in the same cultivar.

63

activity of methanolic extracts from three oat cultivars on DPPH radical. "DY, Daeyang;
Different letters indicate a statistically significant(p < 0.05) difference between storage

Storage(days)

Fig. 3. ABTS free radical-scavengin%
CY, Choyang; JP, Jopung.
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activity of methanolic extracts from three oat cultivars on ABTS radical. "DY, Daeyang;
Different letters indicate a statistically significant(p < 0.05) difference between storage
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Fig. S1. Avenanthramide contents in Korean oat cultivars. "SE, Seonyang; DY, Daeyang; CY, Choyang; SY, Suyang; JM, Jungmo
2005; SH, Samhan; DH, Donghan; HS, Highspeed; JP, Jopung. ?Different letters indicate a statistically significant (p < 0.05)

difference among cultivars in the same component.
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ABTS ett] 2 A7 ©]A] DPPH eht) 2 A7 %3} 22 A3kS
HATHDY; 72.6 mg TEAC/100 g ]| A 72.7 mg TEAC/100 g,
CY; 88.4 mg TEAC/100 g o] A 56.3 mg TEAC/100 g, JP;
80.0 mg TEAC/100 g ©]|4] 55.8 mg TEAC/100 g)(Fig. 3).
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