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Isolation and Identification of an Antioxidant Substance
from Heated Onion (Allium cepa 1.)
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Abstract

The objectives of this study were to identify antioxidant substance in heated onion. The isolation of active
compound was performed in three steps: silica gel column chromatography, preparative TLC, and preparative
HPLC. The structure of the purified compound was determined using spectroscopic methods, i.e., ultraviolet,
mass spectrometry, 1H—NlVIR, 13C—NMR, and DEPT. The antioxidant activities of isolated compound were eval-
uated and compared with a-tocopherol, ascorbic acid, and butylated hydroxytoluene (BHT) using DPPH and
ABTS assay. The isolated compound was identified as 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one
(DDMP). The DPPH radical-scavenging activity (ICsp) of the DDMP was in the following order: ascorbic acid
(45.3 pg/mL)>a-tocopherol (69.2 ug/mL)>DDMP (241.6 png/mL)>BHT (268.0 ug/mL). In addition, DDMP showed
strong ABTS radical-scavenging activity of 569.0 mg AA eq/g.

Key words: onion (Allium cepa L.), antioxidant activity, heat treatment, 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-
pyran—4-one (DDMP)

M =B 7te] AW} e3lo] F83F @RI = o]F AHHOZ AA
g 4 e FAkskA Y] Ak #A o] mow g FHA
St (Allium cepa L.)E Wy} vt AEZ JIA A& EA & butylated hydroxyanisole(BHA)Y butylated hy-

2 tggt 71520 AT = o] A A AlA A droxytoluene(BHT) ¢} -2 /433 4kshA| o] Al-§-o] A =]
= mhs g 34 f-Euete] B2 FAEE AHE HA AES T JAXNEZHEH HA FashA 9 A
o gom(1,2), atde A, @t E, gl 2o g A7 s AP JTHTR).

A& o] Q]9 diallyl disulfide, allyl propyl disulfide®} 22 Roasting, blanching, boiling & autoclaving®} Z-2 & X
373152 quercetin, rutin, kaempferol 59| flavo- e duty oz A Fo AFeHs Ay FEE
idF ehEo] v FrEo] o] F4tks), Ak, Fardst, GFA717]1 A3 ALE-E o] $EARE 4_ EIAWAO), vt=
THAE 5o gyt = AR HiuEo JTH3-6). (10), SF=r4F wi(1D), 71‘*(12 ), F(13), A&, Aty Feo] 9
HZ gl AAEEHY AFEE Q8 24 I o FEH(14) T2 €48 Al HsA 5}&% 2 ksl o]
3k Aolgo] ZtE A A7l i3 BAlo] Eolx|a 7] F7htta Baste 5 AEFY Ve A8AsE Hste €A
QA E g e FUEL Aok AA WAHAY F g AL A&ste A77F 249 {SEQE Atk
AaleE A 24 F (reactive oxygen species; ROS)& Q1 HENA A gld 2 o] gitsletgd Hsl(15) 2
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axg <y Fo FdHE FHFELDS 7Y HsA
ethyl acetate ¥ EZHE itatdy EZS £2-5A3)

Rt

-20°C W51
10 kg/em® ©]/32] tEM = AL = Q=2 3t A ztd
(Jisco, Seoul, Korea) €& Ax= 3
130°C, 2 hr @A g3t &g & AFsATh AFAL
Whatman No. 2 &#HA 2 o33 &

2 ethyl acetate 2.2 &uj& 3 3l T} ethyl acetate 5+
< 3 ARNFE=7](N-1000, Eyela, Tokyo, Japan)Z 40°Cell
A B E 48] AAT F Y- AL AEZ AT

n-hexane, chloroform

= £
¥ oky} 2ZF N ethyl acetate £33 F 0 2 HE
sl E A S B2 3517] $18S silica gel column chroma-
tography & A3}t Silica gel(Kiesel gel 60, 70~230
mesh, Merck, Darmstadt, Germany)?] =X & column®l
ethyl acetate 8 & 2 ¢g& 29 3} 13} silica gel column
(500 % 35 mm, i.d.) chromatographyS A A8ttt &8
vl = dichloromethane(DCM)3} metanol(MeOH)-& &w| 2
MeOH F=& HAH o2 F7HA| 71 A (2011, 101, 5:1, 111,
0:1, v/v) Zt T =HE 250 mLY &F3te] 50 mL @92
24719] &8 78 A o]F DPPH &z &A50] 4
3 238 st 7AdEE F 23 silica gel column(300 < 10
mm, i.d.) chromatography S A3}ttt &8 =4
& 13} silica gel column chromatography &} 228 8uj &4
o 7} $=¥E 200 mLY &Z38ke] 30 mL @91E 3071 €]
2EES dom, DPPH gz £ AF0] 53 38
Falo] 7+t E 3 MeOHoll A)-&3fl 3} preparative TLC
plate(Kiesel gel 60 Fosy)oll spotting 3+ & DCM¥ MeOH
0L, v/v) ZALZ N3t UV F5Fd 2 3 A] Yl
= spot®] RAIE &l &84S Uehlls 7&
silica gelZ Fo]®2 o} MeOHE FIAES &A1 & 7+
A4F= 3} preparative HPLC(Younglin, Anyang, Korea)
2 3AERAS HF GASITE olw Z¥& RP-Cis column
(Discovery® Cig column; 250 % 10 mm, i.d., 5 pm, Supelco,
Bellefonte, PA, USA), ©]&73< isocratic B2 2.2 water :
acetonitrile : acetic acid(97:3:0.1, v/v/v), +&< 35 mL/
min, A& 7]E UV-detector(298 nm), F¢ &< 200 nL=

o

4o 2953 471

ste] dtslEd S FEstAth EEE 4o ¢d 48
A Z 3+218}7] Ysle] analytical HPLC(Thermo Separation
Products, Waltham, MA, USA)E X3}t 23S RP-
18 column(Purospher® Cis column; 250X 4.6 mm, id., 5 ym,
Merck), ©] 542 5% acetonitrile, 742 0.8 mL/min, A&
71 UV-detector(298 nm), FH &L 20 L2 3sFE T

FAEAY Fx T4L5 Hs5td 28g EZS CDODel
£33l 'H nuclear magnetic resonance(NMR, 500 MHz),
BC NMR(125 MHz), Distortionless Enhancement by
Polarization transfer(DEPT) spectra= Avance 500 spec—
trometer(Bruker Analytic GmbH, Karlsruhe, Germany) ¥
Aol oF A3, BEAHFLS gas chromatography/mass
spectrometer detector(GC/MSD, Agilent 6890 gas chro-
matograph/5973N; Agilent, Palo Alto, CA, USA)E ©|£3}
o gl

2EE S29| sty =Y
DPPH(1,1-diphenyl-2-picrylhydrazyl,
Sigma-Aldrich, St. Louis, MO, USA) @tz A2AS S
Hwang S(17)°] AAg H o2 43t F, A8 200
pLol oo &3l¥ 02 mM DPPHE9 800 uLE #7713t
o] 30%7F I & Ao A 3077 ¥HSAl A 520 nmol A
FAEE ST v T2 FAF4EEAQl vitamin E
2 C(ascorbic acid, AA)S} 44 4H8kA Q] BHTE ©] &3}
Afom, DPPH #HHZg 50% UaA7le FEE ICx
(Inhibition concentration)©- 2 YEF It} & 3alksig o
ABTS-" decolorization assay WH(17)° 23t =439
t}. 2,2-Azino-bis—(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS, Sigma-Aldrich) 7.4 mM3} potassium persulphate
26 mM< 12A)17F o3 QAo Wx|3te] ABTS ¥Fol2<
FAAAZ & o] §AE 735 nmoll A FFE Fol 157 HE
= SHRFE A 348 ABTS €< 1 mLol A&
50 uLE 7hste F3 =9 W3tE 307 Fo 4390,
T A5 mg AA eq/go 2 ARtk FAIEHAH

SHEN

EAEA-2 SPSS Ver 12.0 package program< ]85}

7y 2479 By EFAXE 4SS Duncan’s multiple
range test® °o] &3l FJA4ES HAGSAT

zot W

=22 8M 2 A= S

(1516)1A -4+ &4kst&g

Z o] ethyl acetate F

column chromatography & 2A|st F 247 A8E-&

< 3]
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Fig. 1. Electron donation ability (EDA %) by DPPH assay of
the first and second silica gel column chromatography frac-
tions.

B4 BbH B6 B7 B8 B9 BI10

Fig. 2. Thin layer chromatography patterns on active frac-
tion (B6~B8).

Fig. 19|14 B+ ule} o] 3} 4 BHol|A 52 3itks)
48 e 33 49 F 2 S el 553 F
(1.02 g) 22} silica gel column chromatography S 4! A] 8}
Z 30709 28%S AAaL, A7+e] #3559 DPPH gtz
2ABAHE =A3 A7 Fig. 13 2o] 6~81 BN =
< g ds et o] #3838 F%H3Y pre-
parative TLCZ A7l & &4 spot ¥ Rk 0.35(B6~
B8)E st th(Fig. 2). Rfgk 0.35 Y2 FE29] silica gel
< EH3te] MeOHE F3d AES 8317 § 55314
preparative HPLCS ©]-8-3te] F @A4EZ 36 mgs 9N
3, 28" EAL gnalytical HPLCE #4135t G d &2 9
< g8 THFig. 3).

FYEAL UV scan 23 298 nmoll A Hof F5aba-<
BPow GC/MSD(Fig. 4) 23 (m/z 144, 115, 101, 72, 55,
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Fig. 3. Analytical HPLC chromatogram for the isolated com-
pound.
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Fig. 4. GC/MSD spectrum for the isolated compound.

43) BA gL o 144 A= & P22 $AHUG. 'H-
NMR spectrum(Fig. 5(A)) A3 6&(ppm) 2.038(3H, §&c
15.653), 4.087(2H, 8¢ 72.764), 4.189(1H, §c 69.139)7} &2
3L, "C-NMR spectrum(Fig. 5(B)) 23} §(ppm) 15(CHs),
69(CH), 72(CH»), 132(quaternary carbon), 161(carbonyl
carbon, C=0), 189(ketone carbon, CO)7} B2 At} upat
A ExE SR RE E289 E4LS HAF 23-dihydro-
3,5-dihydroxy—6-methyl-4H-pyran-4-one(DDMP) & &+
Q15 A TH18-20)(Fig. 6).

2= SEe| itstaty

#2]¥ DDMP®] DPPH % ABTS #©tZd 2A4%S 54
3 A3}= Table 13 2t DPPH &dZ 2759 =4 2
7} DDMP9] ICs0%k-2 241.6 ng/mLollom A &4tshA
Ql vitamin E % ascorbic acid®] ICszt2 242zt 692 2 453
ng/mLeI AL 4 FaksbAQl BHT 9] IC5%k-2 268.0 ng/
mLZ YES Y. DDMPY ICs@t2 vitamin E®} ascorbic
acidell Hl3) 3~4u] 7t e ksl gde BRHA R 34
FGitsAQl BHT9E ARG 3bst&ad S Jehgi gl
ABTS gt z& o] &3t & g4ksts S4 4% DDMPY
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Fig. 5. 'H-NMR (A) and C-NMR (B) spectrum for the iso-
lated compound.
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Fig. 6. Chemical structure of DDMP (2,3-dihydro-3,5-dihy-
droxy-6-methyl-4H-pyran-4-one).

AEAC(ascorbic acid equivalent antioxidant capacity)gt-2
569.0 mg AA eq/gl.E =& I3 E S B} e
3}3} 353 fisetin, quercertin, dihydroquercetin, robinetin,
myricetin 52 flavonoid 3}3HE9] 5o A EZ QA
A E LS quercetin® & HiE o] JtH3,18). Moon 5
(19)2 DPPH &Y Z+-S o] £-3F quercetin®] IC58t2 4.5 ug/
mLE kaempferol(12.0 pg/mL), luteolin(15.6 pg/mL), L-
ascorbic acid(9.6 yg/mL)KE T} =& A4S Hole AC=R
H 13 v o, DDMP+E quercetin®l] ®l3] & 3}2+3}
4E By AeE wodh

e

Mo

953 473

Table 1. Antioxidant activity of 2,3-dihydro-3,5-dihydroxy-
6-methyl-4H-pyran-4-one (DDMP) isolated from heated
onion

ICso (ng/mL)Y  AEAC (mg AA eq/g)?

DDMP 241.6+29.2% 569.0+13.4
Vitamin E 69.2+05° NT?
Ascorbic acid 45.3+£4.2° NT
BHT 268.0+12.8° NT

YConcentration of sample to scavenge 50% of the DPPH radicals.

? Ascorbic acid equivalent antioxidant capacity.

YMeans in the same column with the different superscripts are
significantly different (p<0.05) by Duncan’s multiple range
test.

YNT: not tested.

DDMP+ #9033 28 carbonyl 313H&E3 opv] =it =
Elol=, gl A s 2 amino 3}§HE7FY] Maillard ¥HS- A4
AEE BiEo] glor(20-22), A+ Ban 5(23)9] 7ol
Al DDMP= tl3¢h Al 221 SW6202 HCT116 celloll A Al
¥ AAS afFo g JAE TNF-a¢t TPA F 5% NF-
kB luciferase activity®} NF-kB DNA binding activity =
FaAdle Aow Bt skt DDMPo #3F A+
£ ol Hulste] % 5B AR 2887 S5
ded Aeed Bt 82 o Azw,

o ]
i -

g st Gl ZFF5 A9 ethyl acetate 2 EZHE 4t
JEZEL BY-5H37] 995k 1, 23} silica gel column

chromatography, preparative TLC @ HPLCE o]-&3}] &
Astgyg 228 8- A8k At GC/MSD, 'H-NMR ¥
PC-NMR spectrum ZA#Z5E 7% 543 43 2%
EZ 2 23-dihydro-3,5-dihydroxy-6-methyl-4//-pyran-
4-one(DDMP)2.2 Q1= ity DDMPO| &1hstaA <]
ICs0@t2 241.6 pg/mLel e, vitamin E€] 69.2 ng/mL<}
C9l 453 pg/mLETHE S A4S A3 BHT] 2680
pg/mLETHE & 248 BHAT 1930 (p>0.05) 2]
= YEh A gtk % DDMPE 7|54 EZAZ &-8-317]
ot o Aejgd Hr 28 Aor AAHEY

o
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