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Major constituents and antioxidant activities of domestic onion
(Allium cepa L.) cultivars

Eom-Ji Hwang', Yu Geon Lee’, Hyoung Jae Lee’, Jeong-Yong Cho’, and Jae-Hak Moon>*

'National Institute of Crop Science, Bioenergy Crop Research Institute
“Department of Food Science and Technology, Chonnam National University

Abstract The content of major constituents and antioxidant activities of nine onion cultivars, namely yellow domestic
cultivars Meapsihwang, Sinsunhwang, Yeonsinhwang, Yeongbohwang, and Yeongpoonghwang, red domestic cultivar
Eumjinara, green domestic cultivar Sweetgreen, yellow-introduced cultivar Sunpower, and red-introduced cultivar
Cheonjujeok, were compared. Yeongbohwang and Cheonjujeok had the highest total phenolic and total flavonoid contents
among the six yellow and two red cultivars, respectively. The red cultivars displayed the highest DPPH and ABTS" radical
scavenging activities (DRSAs and ARSAs, respectively) and reducing power (RP). Among all cultivars, Cheonjujeok and
Eumjinara had the highest DRSA, while both red cultivars had similar ARSAs. Among the yellow cultivars, Sinsunhwang
and Yeongbohwang showed excellent DRSAs. The RP of the domestic cultivars was slightly higher than that of the
introduced cultivars. Thus, the domestic cultivar Yeongbohwang exhibited excellent characteristics among the yellow
cultivars, while the red cultivars Eumjinara and Cheonjujeok were similar.
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Wtk FE(E)S] Tl 21ER G Allium cepa L)
7197 3,000 HEE A=) AlFEIGeH AE, dlE 3
ok o7 AME-ETKShigyoet Kik, 2008). %uh= Fj#in=
A4 =S AFY T 2 2gs EAFES] 1%
< 98l T2 Ee AR o]EHUS AR AFTE ¢
’d ZHe o] Aol tiide] =] ghrk(Shigyoet Kik, 2008).
Fubs Aol wEl A WA A s AN FoiER R
HH(Clarke 5, 1944), Ao wie} dubgd®E 2 7|5 A&
(flavonoid, polyphenol 5)2] &l o] x}o]& HITh(Stavric}
Matula, 1992). 22|32 5te] 5730l wa} wjesto] Zgh Fujet
doro] 748k okulm FEETH(Vavring, 1993). Yol S(82.8-
83.0%), BF3HE(14.1-14.8%), & BF(2.3-4.7%), THE(1.5-2.6%)
2 ZF(04-0.7%)°] FHE] Jom, 1 = 215 H(fresh
weight, FW) 100 g2 7|22 vitamin C (5.7-6.5mg), Ca (25.7-
46.9 mg), P (30.3-50.6mg) ¥ K (129.0-140.0 mg) 5°] FH-Ho]
Ago] Buwo] ¢ltkBhattachariee 5, 2013). &ke] thakst A
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&S F3sl= flavonoidA F5HE9l= quercetin 4'-glucoside,
quercetin 4',7-diglycoside, quercetin 3,7-diglycoside, quercetin 3,4'-
diglycoside, quercetin, isorhamnetin monoglycoside, kaempferol
monoglycoside 5°] AL (Lee 5, 2016), ©]5 quercetin®] 2%
2 o w9}l 2 aglycone?] quercetin®] 80%E XA dhh
(Leighton 5, 1992). Flavonoid= UVl &3k AlX &4F wkx]
(Hirota 5, 1998), &3} 3Hulo| 2]~ (Hanasaki 5, 1994), &3}
LA Z7(Hop 5, 1983) H A (Duarte 5, 1993; Hanasaki
T, 1994) 5] Ajgds dRlFe] dEiA dow, A Wl
7¥et 3aksl 84S Hole Zo® HIEY UTHHanasaki 5,
1994; Hodnick &, 1987). =5+ ZZo= flavonoid’} 31 &4 A7
Aglo] o it aF(Hertog &, 1993), F714%5, F=dme] 2 &
o Tt S HATE BHaE vk drk(Stavric}

Matula, 1992). Flavonoid= ¥3te] ZAZe|y oA o w2 3
FS Holw, AH] A 65% =7t FHirEle] e v, <F

Z& ZAE 0.01% ZE7) THrEo] Tk(Stavrict Matula, 1992).
AZAEZ = sl AR A 71 ZAe flavonoide] T
o] § E=Uk(Stavric®} Matula, 1992). 28]3 A 2 Al ok}o]

739 &4l 100 g FW 3 6-100 mg®] flavonoid7} &-=o] L

ow, ¢fe] Ax] & EFO WA= R-E flavonoid®] 24
o o7} U Fow dHA AukBilyk &, 1984).

kel M7t w2 u) WEE= alliinase= cysteine sulfoxide
2hg-3to] theFst &3l5hE3 thiosulfinate, ammonia, pyruvate
< AAEcHHanum, 1995). Thiosulfinates®] 3 A%<l allicin
C;H,-S-S(O)-C,H, ] #+t2-8 B AZojAA 5 Fa3h A3t

248 HItk(Cavallito2} Bailey, 1944; Dewitt 5, Kwon

o]
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5, 2013; Small 5, 1947). Allicin® v B S 39tE=A
o= AR EAEA gou FHE AdstAy o o
alliinase &40 2]3) alliin (S-allyl-L-cysteine sulfoxide) 2 ZF-E
AE3, o= Al Y2 39 sulfides 3F=<! diallyl mono-,
di-, 28] oligosulfides, vinyldithins, ajoenes 5 300]Fo.2 £3|
FH, o]F diallyl disulfide®} diallyl sulfide®] HaFo] o} Zx|
gtz 75% olde AAFTHYu F, 1989). Fute] FME
A7 3= cysteine sulfoxides®] &2 pyruvic acid®] ¥} H]E|
Stth(Bacon 5, 1999; Crowther 5, 2005; Randle, 1992). Pyruvic
acide ¥T Z2Fo] T T 67 ool A=, Fute] uy
20k =2 JAAAIE YER pyruvie acid®] 2 vl 8te] A
22 &89 F o dHE Adsh] g SEA7 pyruvic
acid §&o] 7|Eo 2 8 57]|% 3tk (Bennet, 1945; Schwimmer
2} Weston, 1961; Wall#} Corgan, 1992).
Fk= 20199 71 A AIAF SR 5195 haollA] AlefEle] A
9,996%+ Eo] AAHEI O™, St E 21,777 haolA 159
£o] A= ATHFAOSTAT, 2014). o] 1919 AZkaH]
A AAHCE oF 6kg AolH, ElURhs 27kge 2 4|
o] wl-- & HO|THFAOSTAT, 2014). o|2]gh AujH o] F
g 2] FTtele Bkl fEvEtelA AulEE dut
= % 60%7F FAEFSE M SFE
FF5}tH(Korea Seed Associate, 2019). <ol A4k =] - Fuf 7}
IE G FFL 20209 7O E 1446%0] o FUH
o AMEL e FES FE YECERY $£YE FE0I
FE ORI o & T2 FYAe AA ALFA FY
346,039 2Eo] 15%2 11,2387 282 7H H& v&S
A)8kaL JThHKorea Seed Associate, 2019).
SUellA AR7IA e Y FF
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ZEO 40%d] =
]

N
)
)

212 N oX >
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o
o AlXgE WA, FE Jud) A, dAvE 2 29E
ado] o, 7 F5E B4 oy Ao @yAsb ) Q1A
g2 g glo] @il MAES Asle] AlE EEd EFo=
Aalgol Hkel FFoz AL Ul <FTHL T
e 1Y JE EESAS EXE 200390 SAEY A
F 0S8-18 BEoF SN, 2AAES HX45E shizle
2 5l 2eES A% A9 794, 794, RS 59 F
A=Al o] 53 Aoz HrIEthLee 5, 2009). ‘QH3P
& Aol L SAHEY REF Wt FTFL Ho] £

%
Hir -

Ho
)
102 wHjele] T 10 FE FEOE #dEe} FHAol
I Aol FEtHLee 5, 2010). ‘AAUEPE ATz o
AT} el sk tRlEFEFA) Hs 1% S5EE
oA FEolH, wigute] A 71 AR kel Eol A
283 607 2 EAE /K e AeE BHyE b 3l
thKim &, 2017). ‘=EZS A Mo| AxMo|n] A%
go] Zstal, 71848 IFE T 2139l fructose, glucose B
sucrose®| Fo| ol vt E& EAL AU YUrhKim T,
2012). 22]3L o] 959 v FEHE T At AFEHL 7o
FEolth. Augls Folx F=2 ANE de FIE &
o|a, HFAE A guta Wwde] Felal thrge] JhEdh
Fopoltt. o]HE ol Tt FFEo] MY E
Esta, AR SlelA] AvlEe duke W &5 FTE
Hlgl FdFFe] F/7E olF2 3
oMY AAZOE FuE YR A
Hol govt FulelM §FE F59 B4 9 7]
T oFF vgs Aol wepr] £ AfeMe Hu 84
T3 Q= FYEFT 4 7he] AW, 23] AR HE

i
i
o
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7N
de] 24 B kst 24
%S

B Ao AMgs 3N Allium cepa L)y= N FT} 625 [Aw)
#(cv. Sunpower, SPW), WA]3H(cv. Meapsihwang, MSH), 21418}
(cv. Sinsunhwang, SSH), %X 3Hcv. Yeongbohwang, YBH), <141
3Hcv.  Yeonsinhwang, YSH), 9%3(cv. Yeongpoonghwang,
YPH)], A5t 285X (cv. Cheonjujeok, CJJ), PR (ev.
EIN: Eumjinara, EIN)], 28] A ¢d} 1F5F[2=AEZH (.
Sweetgreen, SG)|S LR 3o, o]E RFE Ad Felo
XS F2EH FHAZHASA o] AR EATA A
oA AufslATh. Gk 20139 99 FEol wEEIgeH,
109 skl A2 EATh FopA) AR EF 23S EFAMF
ol @2 17kg/10 a, £4918] 39kg/10 a, F3ZEF 10kg/10 aS
A2 39 Aol AMEeH, AAAZE FAMe] 2024 cmE, £
ZIARlE 10 em= SFAL, AT viA = dy 3RHRo = Ajul
stdch Al 2 #HEle EFAMHA FshRoH(FENSH,
2013), 2014 6¥ol| sl g Ao 2 APS st

= U Ay
RE=E o HEA BEELS 3 4-dihydroxylbenzoic acid (BA), 3-
methoxy-4-hydroxy benzoic acid (3-MeBA), quercetin 4'-O-B-D-
glucopyranoside  (Q4'G), isorhamnetin  3'-O-B-D-glucopyranoside
(IR3'G), quercetin 3-O-B-D-glucopyranoside (Q3G), quercetin 3,7-
O-B-D-diglucopyranoside  (Q3,7G), quercetin  3,4'-O-B-D-digluco-
pyranoside (Q3,4'G)E AME-3ITE ©]E% flavonoid BIEA|S] 3
FEES B A7 M3t (Lee 5, 2016)°] 23] Sulz=F
B o] -gAlste] NMR 2 MS #4& B3 724784 se
S o] &3}l 273 quercetin, BA, 3-MeBA, gallic acid, Folin
&  Ciocalteu  phenol,  5,5'-dithio-bis(2-nitrobenzoic ~ acid),
dinitrophenyl-hydrazine (DNPH), sodium pyruvate,
glucose, fructose, dinitrophenyl-hydrazine
(DNPH), 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS),  N-(2-hydroxyethyl)piperazine-N-2-ethanesulfonic ~ acid
(HEPES) ¥ 5,5-dithio-bis(2-nitrobenzoic acid) (DTNB)= Sigma-
Aldrich Chemical Co. (St. Louis, MO, USA)ZY-E] -3},
trichloroacetic acid (TCA)}= Junsei (Tokyo, Japan)2] #|&-2- 1]
3 1,1-diphenyl-2-picrylhydrazyl (DPPH)2 Wako Pure Chemicals
Industries Ltd. (Osaka, Japan)2] #|&-& ©]-&3Ath. L2]3L high
performance liquid chromatography (HPLC) #2J0l] o]&% &=
HPLC 5+ °l-&3titt.

Fel
Sl

potassium

persulphate, sucrose,

FEE =N
S FE2=2 F W g ZAHAT. F, 659 flavonoid
9 2%F9] phenolic acid 7WEAAES] AFE A% FEEGFEE
A} F HEA 3IRHE, £ flavonoid €%, & anthocyan &, &
thiosulfinate ¥+, & pyruvic acid 3, F g 4 o
4 HIHE A FEEGFEE Bl UE AU
FEE A ZAE S3 WA 49 9FFo2HE Ak 2
719] FHAE FALZ dYste] 27 Smm’7t HEE Al

o
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FAAZNAY. F2A%% A5 500mge] 80% methanol
(MeOH) 50 mLE 7}8Fe] 4ol 3087 A X 5, homogenizer
(D-160, DLAB, Beijing, China)S ©o]&3te] #d3}et th2, ojz}
Z](No. 2, Whatman, NJ, USA)E °|83ll SYA=3I8T). o|¢ %
Atell MeOH 50 mLE 7Fate] Fd g ol oa] 43t 4 o
FE Pk 24 FTERE Qo AHAE 747} Fete] ¥
5%71(EZ-2 Plus, Genevac, Ipswich, UK)Z &3 3 MeOH=
SAIA SmL7t HEE FE3STh Aol €98 membrane
filter (0.45 um, Millex-FH 13 mm, Millipore Co., Bedford, MA,
USAYE ©l&ste] of3tgh ths, 2 o9ls HPLCE &4 &]th

FEE BY ZAE 98 WA ot 95T S 52T Bl AlH
g &, A e} FHHAZXFED-5518, Iishin Lab Co., Seoul,
Korea)ste] H03}si3it) olo] F5H Supid | g¥S F 5}
80% MeOH 25 mLell HAANA FE= A A 2243 Fd3st
A Azt F, 24A7F B3 el FES o, o= No. 2,
Whatman)a}e] 4]0 ©]-8-5}%] T},

QI

°oiﬁ]'9f] AL B 528 wHH4Ee AFERAE 4
710l #3te] A A8 thRural Development Administration,
2021). Fot 90FFS AR oA Awste] ekl F(bulb)
E=o](bulb hight)} 27 (bulb diameter) WU oA HAE o] &
3le] 0.01 mm T=7HA SR, 2 /HAC] FAI(bulb weight)
£ 001 g =74 =438t Hd @ (mean=SD, n=9)°.Z JERY
Aok, Egk Yut FYHE FdHe R dusie] Woly F(No. of
hearts), 1 4*(No. of scales) & 7 (scale thickness)ES A<=3}
Atk 2 HFEE Fig. 19 AAEHATE

ot FEE AZRTHE ERIs] s duE AEE & A
E 100 g¥e F3le] 80°CollA 24717 B9 AZS v, 105°C
oM 6A17F AZXST AxE FAE st

. ng\_ T Algo] =g
%% (dry weight, %)= = ; J]E:j] Z; x100
Uas Al = &5 ©°

Flavonoid % phenolic acide| 7§ &2k 24

A U 7 S9ES] AFE FEF5 AE o838l HPLCE
E239 ) = columne octadecylsilane (ODS, 5 pum, 4.6x250
mm, Shiseido, Tokyo, Japan)S ©]&3}92™, column <%=+
40°CE FAAZ, EE89 #§%52 0.8mL/min (LC-6AD
Pump, Shimadzu, Kyoto, Japan)©.2, 12|32 HE3742 370 nm
(SPD-M20A, Shimadzu)Z &t EA3190th o542 2% acetic
acid (AcOH, A&"H)E Z8ulZ 3} linear gradient &=
o oJa 35% Fof| 50% acetonitrile (MeCN, B&1l)e] §&5%
= 3 &, 158 B¢ BEUE isocratic SEWH 93l £EA
ZITHHPLC-1). 28|32 A 859 S8 Z17Hs 1mgd &
3te] MeOH 1 mLel| 832121 &, ZH2F @AX o2 51X 8-
S HPLC-19] 279 93] 3+ A4S 2PJ31] external standard
Holl ola] 7+ &S APt

& Hesd sigeE 32

Z d=A 35Ee g2 Folin & Ciocalteu’s WHS ©]-8-3}
o] A 7FalAthSingleton?} Rossi, 1965). =74 0.9 mLol| 59
2 ZA% FE2E BE 44 0.1mL @mg, dry wt)¥ 718k, 2
N Folin & Ciocalteu phenol Al%F 0.5mLE H7F3} T} o]
20% Na,CO; &% 25mLE 7FF the, 1,000xgollx] 10:27F 24

Bglato] 25°CollA] 2087k ¢haol WA ekeh. HalE AEs
o7 E33 A (Libra S22; Biochrom, Cambridge, England)
£ o]&3ly 735mmolld FFEE ZAIIAUTHAOAC, 1995). Al
59 F ey HEY T gllic acids ZTELE AR
sto] ZdE A o2 HE st gallic acid 43HGA eq.)
o7 AT

£ flavonoid M2t

% flavonoid &l +4E& 98l F&E B9 7 A8 0.1mL
(4mg, dry wt)ol| diethyleneglycol (Junsei Chemicals)S 1mL*]
7¥ele] EFIATE L F IN NaOH €9 0.1 mLE 7}3te] &
3 o, 37°C water bathollA 1A17F &9F WHSAIZ] &, Wk
NS Ed3eA|(Libra S22; Biochrom)Z ©]8-51] 420 nmellA]
B 7he 24319 AlE2] = flavonoid TS querceting
TEARE S0 APJE BETAES ol8sle] 7SI, quercetin
FFEHQ eq)oZ AASIHTHAOAC, 1995).
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T

L

Z anthocyan M2

% anthocyan ¥ pH differential methodE -3-8-3l A3}
AH(Giusti®} Wrolstad, 2001). & Z+ #54H F2E B A5 0.1
g (dry wt)°] pH 1.0 buffer (02M KCI+02M HCHS} pH 4.5
buffer (0.2M potassium phosphate+0.1 M citric acid) 2 mL2 <
ztzb 38t F B33 A(Libra S22; Biochrom)® 520 nmet
700 nmelA FEES 578 the, ol A& o&st Altst
Atk

Total anthocyan content (cyanidin 3-glucoside, mg/100 g)

_AxMW x DF x 1000
ex 1

A=A 527 As700)PH 1.0—(A;55—A;00)pH 4.5

MW=molecular weight of cyanidin 3-glucoside=449.2 g/mol
DF=dilution factor

¢ (the molar absorptivity)=26,900 L/cm-mol

Z thiosulfinate M2*

Allin®] 23] =2 thiosulfate Han 5(1995)2] ¥l o
g AFsgh FE2E B A1F 0.1 mL @mg, dry wt)ell 50 mM
HEPES £d2mM cysteine, pH 7.5) 05mLE 7} Th2,
50mM HEPES buffers 7Fste] & WhHg-8<le] #3955 mL=
Aesk & 27°ColA] 1087 vheAIH T v 1 mLE Fshd
50 mM HEPES buffer2 #| %% 04mM DTNB &9 ImLE 7}
slo] & &g, 27°Col A 1027 AR} BEEAIA, 412 nmollA
AT 2 =AUt A5l T thiosulfinate IS HUSH
Z7o ZAE 0.1-1mM9] cysteine HH-29] Azgtozr
B o7l BFFAE o8t AHRFsAT

£ pyruvic acid M2

G 0TS A e R HE FARE Xk 24 100
g¥ HA7|1E skl Al8E AlxEUT. Pyruvic acid &% &
A& Yoo 5(1995)] WS W st A S EAE Fo}

slo] HE &0 20mL7F HEZE 3tk EF 1 mLE A
Zoll #H3laL 0.0125% DNPH £ [ mLe} S/ ImLE o



EFE F, 37°C F2FxoA 1087 ¥EA| .
NaOH &9 5mLE 7lste] WH3-& AT vhgde 33
Z=A(Libra S22, Biochrom)E °©]-8-3}4] 4
skAth AR pyruvic acid $EFS sodium pyruvateS w45}
of Qo3 AFdewRE ALtste] e At

g EhE M

Glucose, fructose ¥ sucrose?] &%+ HPLCE E43%t) =,
FAAZ 2% AE 1l FFF 9mLE 718l membrane
filter (045 um)= J3}ate] ofells Ao o] &350t AlE 20
uLE RI detector (RID2414, Waters, Milford, USA)$} carbohydrate
column (Zorbax, 4.5x250 mm, 5pum, Agilent, Wilmington, DE,
USA)e] #2tE HPLC system (717 Plus, Waters)oll T3t}
Column &%= 40°CE, §42 14mL/ming FAIAZLH, o|F
& acetonitrile/H,0=83:17 (v/v) &< isocratic SZHol 23}
SESAHATHHPLC-2). A 89 & FEE glucose, fructose o
sucroseE external standard® 3l Ao|F FFEFHOZHE A7)
itk 22|22 ¥ 3 S (total sugar content, TSC)S glucose,
fructose 2 sucrose®] TS &3 #O= AASIATH

DPPH radical scavenging A T}

Syl 5 FEE9] DPPH radical scavenging €32 Blois
5(1958)2] WS o3l At &, vt FEE FEY
BE 7zt S/H4E olgsle] F=E(S, 10, 20, 40 mg/mL)E 3
28 o, 343 A8 ImLel MeOHE £31A17] 02mM
DPPHEY 2mLE 713k th&, MeOH 1 mLE A} 7lsle] %
o] 4mL7F HEE 3T o] ¥E3-olS vortex mixerZ 5%
2+ 7HEA £, AL el 1087 XA &, BEgE
Al(Libra $22)Z ©]&3te] 517nmolA FFES 24Tk Al
BEE HUbslA 92 wbedS URTE St o e 93|
DPPH radical scavenging E4]-& A|A| &} T

4
2

DPPH radical scavenging activity (%)=(1 - %) x100

A: absorbance value of testing solution
B: absorbance value of control solution

stels ®ot

Fule] FAHL Oyaizu 5(1986)2] HPES W sl 23319
t. 55 B AlE 025mL (10mg, dry wt.)oll 250 mM sodium
phosphate buffer (pH 6.6)9} 1% potassium ferricyanideS 2+2+
250 il A= 7rste] wukek & 50°Ce] FEFelA 2087
HEEAIFATE o371l 1% TCA &< 250 uLE 715te] 1,000 rpmel]
A 17 GRS TR, 245 500 pldll SF 500 pLet 1%
ferric chloride 100 pLE E@sted £33 =7(Libra S22)5 ©]&
3t 700 nmoll A FEEE s

ABTS" radical scavenging A T7|

kvl ZE9¥ ABTS' radical scavenging 4 Roberta 5
(1999)¢] WHoez SAAT F, 74mM ABTS 2.6mM
potassium persulphate 8-S A|F3te] Aol 24x]7F W] 5k
o] £(ABTS)S FAAZ|AL, 734 nmell F2% Zro] 1.5 o)alrt
HE2 3435 5 34" ABTS' € ImLel] 2% B A&
SOUL 2mg, dry wiZ 71e] 608 F Edwe =gskrt. &
2FelsL ascorbic acidE TIZRTOR 3lod ol 28 o]&35}]

OLL

4 gl akste g 7t 437

ABTS" radical scavenging 845 WE-&Z YeRfAT
ABTS" radical scavenging activity (%)

:(1 _ Sample O.D.) <100
Control O.D

S

=
It F5E AT T 9 SR A SARAS T
A4l o] dell Levene? SiEAFHA (test of homogeneity of
variances)2 A O H, HolEH 2 FAAo] EIEH one-way
ANOVA tests AAJ8l] o5 AR 72432 Statistica
(version 7.0) programs ©]&3}0] p<0.05 oA Tukey’s test
WHo R AFsh

ol EEH bk A

Fate] FFH AolE FRIsh] flste] dnkA JAS FUt
stttk 2 AFH(Table 1), 9F% &I} +29 Hd THETT)
251.74+61.40 o] R, FFHZE 136.21-370.72g2] 2
tdS 1Yo, 9334370720 Hdl 5L, 1E]a 29
EI(13621 g°] Hh 5L 2t 4 dHE Yehie o
A% vl FA(Fig. e Hd 68.69+4.16 mmALL, A3k}
7520+3.72 mm= HHFE JERR O, A=A 0] 60.57+4.53 mm
2 H2S Yl FAFe ) Hi 8227862 mmE Y
B, EXHEE 6301 (SYETH)94.86 (FFF) mme] HY
£ Bk FEAFFLAR e SHET-] 11022 ok 4
Z3 pofolom, HFAHLS 0682 7F FAT Ro|rh T+
ol A Hat 140£0317H90 1, G} A Uetol 2t
Z}b 1.89+0.3370¢F 1.89£0.6070 2 HTIH 3, WAIS A o]
L11+033702 71 A2 Fio} 445 el 9 = 3
7100502 A o] Huzk8.22)S, Alxdo] #24:7k6.56)
< yehith 9#e] FAE Ha 11655128 mmA L, EFE
E 9Ego] 13124042 mm=E HUHE, 2 AYETH0]
8.68+0.38 mm= FHAFLE UERTh AEFTS it 9.18+091%=
291ET™O] 10.80£020%F HUINIL, FF30] 830+0.10%=
Z 2 tH(Table 1).

Flavonoid ¥ phenolic acid2| 7HH &tz

St 9FF S o F 8% HEA IFE, S 659
flavonoid (Q, Q4'G, IR3'G, Q3G Q3,7G, Q34'G) % 2%
phenolic acid (BA, 3-MeBA) ZHZte| & HPLC-19] 272 ©]
g3te] EAEIATE 24 i SjHEe] £FF(Fig 2D) B AR
3%&(Fig. 2A, BH3; Fig 2B, dAUEL; Fig 2C, 29EIIHS &
238t HPLC chromatograme Fig. 20l AR o™, z EFo
aslo] Y= 82 3jMES] JNE S Table 20 AA BT

4 A3 BAE oH 59 JUEREE AEERA AGgith
Ao EAx7e] o] BAY HAEIHAEE(SN H, 3= 20.0
pmol®] ATt 28} BAQ] 39 7ol methyl”]7F X138k 3-
MeBAE 41X A3 F5& AYsla vwx 7759 43
25E 1] e F=K0.09 mg/100 g FW o)&holubm} AZE S
o} 28]3 BAS} 3-MeBA ¢ 6%2] flavonoide 50l ule} 3t
Fol] F ol Ho|Z|e AN 9% B4 Ul AlE BT
Z5E HEEUD

2 4k 100g B A o slsEe] 74 AR & dEe

s
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Table 1. Physical properties of nine onion cultivars

Cultivars Bulb(\ga;eight Bul(lr)n}rls;ght Bulb( rcllqiraill;wter Blilgzizgipe No. of hearts No. of scales Scale( rtrl:ris;(ness Dry(:;;ight
SPW#**  283.21+19.02  75.20+£3.72 84.93+2.86 0.89+0.05 1.22+0.44 7.00+£0.50 11.68+0.52 9.60+0.61

MSH  243.42+38.03  71.11+4.04 81.24+5.14 0.88+0.08 1.11+0.33 6.89+0.60 12.36+0.74 7.97+0.35

Yellow SSH  236.87+45.14  71.60+2.57 81.91+3.26 0.87+0.02 1.114033  6.56+0.73 12.00+0.87 9.10+1.83
YSH  248.69+43.57  65.36+6.99 83.12+4.32 0.79+0.07 1.33+0.50 6.78+0.44 12.44+0.62 8.40+0.56

YBH 232.36+23.68  67.68+3.09 81.27+3.96 0.83+0.06 1.89+0.33  7.11+0.60 11.33+0.50 9.2340.38

YPH  370.72449.90  70.14+£5.07 94.86+4.41 0.74+0.04 1.44+0.53 7.56+0.53 13.12+0.42 8.30+0.10

Red CJJ**  278.71433.64  60.57+4.53 89.51+3.27 0.68+0.06 1.78£0.44  8.22+0.67 11.02+0.45  10.17+£0.57
EIN  235.48+38.14  67.53+3.45 80.56+5.55 0.84+0.10 1.89+0.60 6.67+0.71 12.20+0.95 9.07+0.06

Green SG 136.21+12.36  69.06+4.40 63.01+3.68 1.10+0.11 1.56+0.53 7.11+£0.33 8.68+0.38  10.80+0.20
Average 251.74461.40  68.69+4.16 82.27+8.62 0.85+0.12 1.40£0.31  7.10+0.51 11.65+1.28 9.18+0.91

SPW, Sunpower;

MSH, Meapsihwang; SSH, Sinsunhwang; YSH, Yeonsinhwang; YBH, Yeongbohwang; YPH, Yeongpoonghwang; ClJ,

Cheonjujeok; EJN, Eumjinara; SG, Sweetgreen. *: Bulb height/bulb diameter. **: Introduced cultivars.
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Fig 2. HPLC chromatograms (ODS, 370 nm) of three onion cultivars and standards of penolic acids and flavonoids. A, Yeongbohwang;
B, Yeongpunghwang; C, Cheonjujeok; D, standard; 1, 3,4-dihydroxylbenzoic acid (BA); 2, 3-methoxy-4-hydroxybenzoic acid (3-MeBA); 3,
quercetin 3,7-O-B-D-diglucopyranoside (Q3,7G); 4, quercetin 3,4'-O-B-D-diglucopyranoside (Q3,4'G); 5, quercetin 3-O-B-D-glucopyranoside
(Q3G); 6, quercetin 4'-O-B-D-glucopyranoside (Q4'G); 7, isorhamnetin 3'-O-B-D-glucopyranoside (IR3'G); 8, quercetin (Q).
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mg)elor, FAaEFoR A EFQ A34)(500.0 mg7t BE AETAL 4530£0.59 mgo 2 Ayl rh U]k gha)okuln o}
FTE T 7P B IS BN, FMEFTE ToME dB = ¥ 92 UERIthrig 4B). 22|32 ©] F flavonoid ¥
o] 5889mge 2 HAE YeIT ANgTE F YHEFT Z A=A e FEkrig 4A)F w1 FALE A wolw
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Fig. 3. The contents of major constituents of nine onion cultivars, namely yellow cultivars Sunpower (SPW); Meapsihwang (MSH),
Sinsunhwang (SSH), Yeongbohwang (YBH), Yeonsinhwang (YSH), and Yeongpoonghwang (YPH); red cultivars Cheonjujeok (CJJ)
and Eumjinara (EJN); green Sweetgreen (SG). A, total phenolic content (gallic acid equivalent); B, total flavonoid content (quercetin
equivalent); C, total acthocyan content; D, total thiosulfinate content; E, pyruvic acid content. Data are expressed as mean+SE (n=3). Means
with the same letter on bars are not significantly different (p<0.05). *: Introduced cultivars.
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Table 2. The individual content (mg/100 g FW) of phenolic acids and flavonoids in nine onion cultivars
Cultivars BA 3-MeBA Q4'G IR3'G Q3G Q Q3,7G Q3,4'G Total

SPW#*  N.D 0.09£0.16  9.86+0.31°  0.12£0.02  0.03£0.04  023£0.18  0.50£0.15  22.10+0.64% 32.76+0.64
MSH N.D 0.00£0.01  12.03£0.32"  0.13:0.02  0.25+0.03 0.21£0.03  0.38+0.04  25.65+1.72° 38.65+1.72°
Yellow SSH ND N.D 14.19£0.35°  0.11£0.00  0.22+0.02  0.18+0.03  0.69+0.26  32.21x1.12¢ 47 .60:t1.12d-
YSH ND 0.04+0.05 9.40£0.39¢  0.12+0.01 0.08+0.03 0.29+£0.09  0.43+0.15  20.20+0.35¢ 30.53+0.35'
YBH ND 0.01£0.01  26.09+0.78° 0.14+0.00  0.18+0.23 0.26+0.01 0.92+0.07  53.79+1.25* 81.37+1.25°
YPH ND 0.01£0.01  11.88+0.46"  0.14£0.02  0.04+0.01 0.184+0.01 0.41£0.03  25.11£1.74" 37.76+1.74¢
Red ClJ*  N.D N.D 33.42+0.45*  0.13£0.00  0.79+0.02  0.44+0.01 1.11£0.03  49.67+3.02° 85.57+3.02°
EIN N.D 0.04£0.06  28.60+£0.51°  0.18+0.07 1.15+0.11 0.24+0.01 0.99+0.29  48.24+1.82™ 79.40+1.82"
Green  SG N.D 0.01£0.01  23.00£0.31"  0.19+0.04  0.82+£0.02  0.38+£0.02  0.84+0.15  46.5442.40° 71.75+2.40°

Data are expressed as meantSD (n=3). Means with the same letter on data are not significantly different (p<0.05). Phenolic compounds name refer
to footnote in Fig. 2. Cultivar names refer to footnote in Table 1. *: Introduced cultivars.
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442 =2 Z 35k x] A 53 WA 4 & (2021)

Table 3. Fructose, glucose, sucrose, and total sugar contents of nine onion cultivars

Cultivars Fructose Glucose Sucrose Total

SPW* 2.75+0.01° 3.68+0.03* 1.87+0.20" 8.30+0.02*

MSH 2.53+0.01° 3.60£0.01™ 2.01+0.02° 8.14+0.02°

Vellow SSH 2.14+0.01° 3.17+0.02° 1.77+0.01° 7.08+0.04°
YSH 2.20+0.02¢ 3.10+0.05* 1.91+0.01¢ 6.95+0.06°

YBH 1.93+0.01¢ 3.18+0.02° 2.15+0.02¢ 7.53+0.03°

YPH 2.28+0.01" 3.25+0.04° 2.11+0.01¢ 7.64+0.05"

Red CJJ* 2.54+0.02° 3.43+0.05° 1.45+0.01° 7.42+0.062
EIN 2.24+0.01¢" 2.94+0.31% 1.33+0.01¢ 6.51+0.04¢

Green SG 2.16+0.01° 2.83+0.04° 1.96+0.01% 6.96+0.03¢

Data are expressed as mean+SE (n=3). Means with the same letter on bars are not significantly different (p<0.05). Cultivar names refer to footnote

in Table 1. *: Introduced cultivars.
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Fig. 4. Antioxidant effects of nine onion cultivars, namely yellow H =W $4 39 SRS AV g 8 758t

cultivars Sunpower (SPW); Meapsihwang (MSH), Sinsunhwang 2 ©.Z=xo] Prlﬂ‘,:x_q oz AAHZ vl B AxAs F4F &

(SSH), Yeongbohwang (YBH), Yeonsinhwang (YSH), and ZHE 93 98 AEz FLEr|E 7|

Yeongpoonghwang (YPH); red cultivars Cheonjujeok (CJJ) and o ETE 5 Sk ¥ gE&=VIE 7l
Eumjinara (EJN); green Sweetgreen (SG). A, DPPH radical

scavenging activity [SCs, values, concentration causing 50% |7=||‘A|-9_| =
decrease of DPPH radical (final concentration, 0.1 mM) absorption
. . . A .
at 517 nm]; B, reducing power; C, ABTS" radical scavenging B QP EPZAATH Yo AN E]27]E

activity. Data are expressed as mean+SE (n=3). Means with the same

letter on bars are not significantly different (»<0.05). *: Introduced B7HIGPET)®] Al wob 3 = 915(315069-3).

cultivars.
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