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Abstract Onions are essential vegetables for Koreans' diet and have various
physiological activities. However, problems arise every year due to the imbalance
between production and demand. Therefore, in this study, nutritional and
functional components, and antioxidant activity were analyzed for each growth
period in order to utilize onions at the disposal period. Whole onions harvested
before June showed higher values of general ingredients, inorganic ingredients,
organic acids, spiraeoside, quercetin, total chlorophyll, and antioxidant activity
than bulbs harvested in June. On the other hand, the free sugar content was
higher in the bulb of the harvest season in June than in whole onions. The total
thiosulfinate content was similar to that of whole onions and bulbs in the early
stages of growth. In addition, as a result of comparing the flavonoid compound
and antioxidant activity of each onion variety, whole onions harvested at 25 weeks
were higher in content than onion bulbs harvested in June. In conclusion, onions
before the harvest season in June had excellent utilization value as food.
Harvesting before 21 weeks is desirable for growing onions with excellent
nutritional value, while harvesting after 23 weeks is recommended for excellent
functional components and antioxidant activity in onions.
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1. ME

YK Allium cepa L.)= W] &t thad) AEE 5A4%E 261 9] AHEH
FAAAotHJeong T, 2010). U= AlA 109 dop A= F St A BARF
20234 7]& 1.179F &, APiEALS 17,282 haoll Edk= gH2919] A gk W49l
o]tH(KOSIS, 2023). FakxAte] 9ot Fupet 22 Allium®: A&9 3= A88A 4
AR ZEe 852 Ad AolJIARE AZRHIL t(eong &, 2010). olHF B4
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FHojsle JEL flavonoidA 3FHEQ quercetin @ 1
WAl (quercetin-4'-glucoside, quercetin-3,4'-diglu
coside, quercetin-3- O-rutinoside(rutin)), isorhamne
tin monoglycoside, kaempferol monoglycoside 5]
Qlom o] & 80%7} quercetin, quercetin diglucoside,
monoglycoside®]™(Leighton &, 1992), diallyl disulfide,
allyl propyl disulfide 5 &% g8H&°] AtHJeong &,
2010). ©I213t flavonoidA kgt A7 gt it
SHE, AEHA A i, FEH, 9 AoHAugusti,
1996), F93 FLH=71(Hop 5, 1983), HIEZ=4 Al
WHAEYing 5, 2013) 59 o2 tiAF Aolo]l 24 &

olgigt Jut= vhs, 1, HiE, 7o HEo] v
O St AR AGetar I (AFAEALY, 4
of - BIEANY, HAEA7HE AR 59 A AFdS Bl
BAALY] A5 gEet AR E7F QP EHek
(Choi, 2016). 50| ¥ute} vhe2 thE iR & 149
of 3 ¥ $gsto] o]F3f $87|7HA] A&t o] F0)A]
7] Wigol FArgE SufzbA o] Fub go Fa% FFE
o3t & Y= S AFEC] 95%E FUEY JFol
ol s4kE 871 Wb 7P o, gute] 7ML 2
TESHA A 2 4 QltkYang 5, 2020). w2t
A Fube Aol whet uijd 7HA 9] F=HEo] A, B4
Ab Al AR A Zoll= 5 Al BRIEY] A5 BN
glojd 4= gl BAZE = Sirt. ofof 4% gt AH|%
otAS 9o b S o83t HEAE(Kim, 2019), &
H(Kee®} Park, 2000), ©(Lim, 2017), H(Kyeon, 2015),
2828 7(Choi®t Bae, 1997) & thgst 7= 7ol
et A7t WolA 1 Qlek. T3t EEE, FE8vE gt
9 AAY 7154 AR 9 A 24 5 7154 Aol o
gt A= BrkBand¥} Cho, 1998; Jin &, 2010; Rhimt
Lim, 2005). SHA9F AR 7]o] thr|ote] SHEES 55
Sh= A171(69) olHo) FutE &-8ol7] 913t A, 5ol &
T AT} 2 Zo] et A I AR F4
2 A A 24 9 FAT a0 et At (Lee 5,
2022) 99 gl= AAolth

2 AT 3ERE 6 7R BSAVERE gt

d

834

H2o| JPHE L Sepriols AR 5 154 4R,
B34 guto] 14 AR 9 A AS WEgeEA
69 %3 o] gt Azl Tt $44L st o
o A2E HEY 5 e YA DA 96 1 2
of 42 B SBAE AT > Yt NIEARE BE
star gt

1.

2 A7) AREEH AT I AR 52 Agde
FetolA wWol AufEl= FIYS A £ diFvE
(Dawkanmaru)2 504 202149 3¥€ 355E 6¥ 15
7HA 1-253Y 7HA 08 85 Ao, £59E du Az
= FWIE A B2 tiFE, S (Kingkong), 2%
o|(Geumsongi), °t&lotel&(Ariarirang) 2.2 T4
20224 549 457, 69 150] 8t Zojnt. E3F, ot o
< J=5H St FE7t fARSte] tiut Bl o= o]-&5k3]
7] gzl dhutet A Blasty] Y18 tiube A= kA0
A AEigt AL ol &5ttt ¥t Als= Fig. 13 22
FHolH, AlE & F27%5t0] -20C A HstdaA &
A& ANEE ARSI

2.2 AlSF

E A3t AREH acetonitrile(ACN), methanol(MeOH),
ethanol(EtOH)& HPLC S8 ol-&stglen, 959 +
714 ®FE(Ca, P, K, Na, Mg, Fe, Zn, Cu, Mn)<
AccuStandard(AccuStandard, Inc., Newhaven, CT,
USA)ol| 4] Fufjsl= ICP standard 1,000 pg/mlL &E2
100 mL E2=4Y AF2 22 FUste] ARSI 2
T EEEO0Z2E fructose, glucose, galactose, sucrose,
lactose(Sigma-Aldrich Co., Saint Louis, MO, USA),
F714F EEEO0 2= oxalic acid, citric acid, tartaric
acid, malic acid, succinic acid, acetic acid(Sigma-
Aldrich Co., Riedstr, Germany), Z2tE 0|t SIS #
FEO 2= spiraeoside(Sigma-Aldrich Co.), quercetin,

isorharmnetin(Supel Co., Darm stadt, Germany)& At

gatoich
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25 weeks

Onion bulbs

23 weeks 21 weeks

Fig. 1. The appearance of green onion and whole onion by growth stage. The harvesting time of growth stage is that 16 weeks
is the 3rd week of March, 17 weeks is the 4th week of March, 19 weeks is the 2nd week of April, 21 weeks is the 4th week
of April, 23 weeks is the 2nd week of May, 25 weeks is the 4th week of May, and onion bulb is 1st week of June.

2.3 2H8E 24

UMIE FoF2 AFZTHMEDS, 2021)0] wkak B4519%
o $ES AQIEAZHOZ 105C A=X7I(LDO-150N,
Daihan Labtech, Namyangju South Korea)ollA] AZx
sto] #AskglaL, &2 550C 3let=(FX-27, Daihan
Science, Wonju, Korea)ollA] 24 3slolo] FFHOR

24513t 2 A2 Ad(Kjeldahl) 2oz 2%
T HAaAS 6258 Hoto w2 Foiith AR
Soxhlet F&WZ& ol&sto] Az IFH ZAYS
diethyl ether(Guaranted Reagent, Junsei Chemical,
Tokyo, Japan)& FZ5to] £AsHh E‘f#ﬁ%% e
SA0 s AR, e ARl Be
HAZ AA BAST fresh weight, FW) 71E2=2 415}
At

H O AHY
T T O

Carbohydrate (%)
= 100 - (moisture + crude protein + crude fat +

crude ash)

https://www.ekosfop.or.kr

2.4. AojER 24

Alo|l 3 TFL total dietary fiber assay kit(K-
TDFR-200A, Megazyme, Bray, Ireland)& o|-&s}o] =
AoFAHMEDS, 2021). E% A& 1 go 0.05 M
MES/TRIS buffer(pH 8.2) 40 mLE 21 &8st & ¥
A @-amylase 50 pmE ¥l 100C F25-R0A4 3587
30-40 rpmO.Z WHISFHA BRSAIZT) 121 60T 4]
Sl1% 5 10 mL&Z AWl protease 100 pmE Y1 6
0C 24204 3087 30-40 rpm o2 WHISHHA HE
SAFT 281 0.561 N HCL 5 mLE ¥ &3t &
pHE 4.1-4.622 245}1 amylo glucosidase 200 #m
5 91 60T F22oA 3021t 30-40 rpm O W
SHAA FEGAIFT A E-EAT 95% ethanol(60T)S 1:4
HEE 5% & A0 607t ¥Hgotath. A8 o
Jq-o]-7] 13l Alojdf F2A celiteE ol 105C A

ZAZ AFMNEE YA 78% ethanol 1.5 mLE 21

E:]Eﬂ 78% ethanol 30 mL, 95% ethanol 30 mL,

acetone 30 mLE A& FEEHY o7t § ARAES

I
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105C AZ7|OIA] 15407F A% F ASAE PAZ 245
k. FHol 4G YL ARAE Wolge] 2T T3

F e AXAE ol8stel Tarer

2.6, R2/5 24

A& 0.5 goll 10% ACNZ 715 10 mL& 837t & 40C
oA 30&7t sonicationC® F& 9 A4EZ(15,000
rpm, 5%, 4C) & A5HE 0.45 pm syring filter
(Hydrophilic, ADVANTEC, Fukuoka, Japan)Z o]¥}s}
At AE FE9L HILICpak VG-50 4E(4.6x250
mm, 5 gm) BHE o]&sto] HPLC(1260 infinity II,
Agilent Technologies, Waldbronn, Germany)® #4
SFTh EAZXAL o]FA water!ACN:MeOH=10:87:3
(1 mL/min), 7k~ Ny(1.3 mL/min), 292k 60C, Y
ZF 10 pm, AE7] ELSD(1260 Infinity II, Agilent
Technologies, Craven Arms, England, UK) ET40,
NT350|ct. Feg gF2 EFE4(fructose, glucose,
galactose, sucrose, lactose)?] &=0] tst peak HZA 9
EEHFTM oz RE AASIAT

2.6 2188 24

T8 £4Y AEE&A2 AETA FA=S nhol=
ZHolE ol Fsto] ZAISFATHMEDS, 2021). &, A&
oF 0.3 g& HZE FHRXHP-L1, Ctrl-M Scientific
Co., California, CA, USA)o| 21 AAKReag.Ph Eur,
ISO, Supelco, Darmstadt, Germany) 7 mLZ 7}5Fo] oF
1A17F oA} W] 3 Microwave Digestion System(C-
9000, Ctrl-M Scientific Co.)2.2 1,800 WollA4] 100T
(10-5%) — 130C(10-5%) — 170C (10-10%&) — 0T
(0-208)9] 2702 Fafetqict. ol AlE+= 50 mL B&
EetATo] &4 33 FHSE 8013, Whatman No.41
o] 7}+Z](Ashless, Diameter 150 mm, Buckinghamchire,
UK)E oj7sto] B4 A|g-8AH o= ARSI F7]4d&
9] g2 ICP-OES(Optima 7300DV, Perkin Elmer,
Connecticut, CT, USA)E o]&3slo] EA35t3Tt.
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2.7. R/ 24

AR 0.5 goll S5 9.5 mLE 7Fskal 40TollA 3087F
sonication® & & 9 YAEF (15,000 rpm, 5%, 4C)
T ASHS 0.45 pm syring filter2 A5t A& 3
£9%-2 Supelco GEL C 610H(7.8x300 mm, 5 #m) Z
H(Supelco)} Capcellpak C18 MGII(4.6x250 mm, 5
pm) BH(Osaka Soda, Osaka, Japan)& ©]-83}o] DAD
210 nmolA HPLC(DE/1200, Agilent Technologies,
Santa Clara, USA)Z E45130tt 4272 o]54 0.1%
phosphoric acid(ACS reagent, Sigma-Aldrich Co.,
Steinheim, Germany), %% 0.5 mL/min, Z2H2% 3
0T, Y4 10 pmolglth. {714 e #2EH(oxalic
acid, citric acid, tartaric acid, malic acid, succinic
acid, acetic acid)®] sZof st peak WA HEHF
THOo=HY AAbsHitt

2.8 Z21EE0/E 3f8lE 24

A& 0.5 goll 25% HCl 7.5 mLe} MeOH 25 mLZE &
F= 8719 4ol 60ToA 241ZF &2t SRFEstL
Whatman No.4 TR & ofzgt F ofmpoko] 25% HClZ
go] 100 mLE A-835tl 0.45 pm syring filter2 oj2}a}
At AlE FEHL2 Capcellpak C18 MGI(4.6x250
mm, 5 x#m) BH(Osaka Soda)S ©]-8&3te] DAD 370 nm
oA HPLC(1260 infinity II, Agilent Technologies)®
4519t B2 AL oA A, BY gradient(A: 2%
acetic acid, B: 50% ACN), < 0.8 mL/min, Z82%
40T, FUHF 5 pmolth. EE k0|t SRME T2 &
#E4(spiracoside, quercetin, isorharmnetin)®] &
of et peak WA REFFTAHOERE ALbstict

2.9. E53/20/E 24

A& 0.5 gol MeOH 25 mLE go] A2oA 15A1%t
& HHo] wHFAIZ] & Whatman No.2 oA 2 o3}
o 3 ofole Az 220008 Agsiatt. Az 229
0.2 mLe] diethylene glycol 2 mL2} 2 N NaOH 0.2 mL
£ Y1 37C4 3087t ¥ESAIXl & mlo| AR E0|E
2t (PowerWave XS2, BioTek, Winooski, Vermont,
USA)E &3l 420 nm SF=oA A5t S35t
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A(rutin)®] &0 W2t peak WA
THFTACREE ALbeiTt

Mo

FHEAE Friedman 5(2003)9] HHS W o}o]
Astgltt. A= 0.5 goﬂ 80% OtHlE &% 50 mLE ¥
A JFE US F5C 4 Pﬁloﬂ’ﬂ 16A1ZE A5k
. 18]37 Whatman No.2 9¥A| &2 ofi}sto] of 7}
ulo] A2 EF0|E g5 E o]-83l 4 663 nme} 645 nm
oA &Fx(optical density, OD)& &43I3tt. FI=
A Pt A4AHAE o]&sto] ket

319,

o

Ca(mg/L) = 12.70Dgs3 - 2.690Dgs

Ch(mg/L) = 22.90Dgss - 4.680Dess

Ciotal(mg/L) = 8.020Dge; + 20.200Dgss

FAEL T mg/100 g)

= Co(mg/L) x CMIEF 0.05 L / ARAREHF 0.5 g)
x 100

2.11. Sthiosulfinate 241

Zthiosulfinate= Han 5(1995)9] ¥'H< H3s}
Attt A& 1 g& 80% MeOH 25 mLZ 2447t
A% 2% 3 Whatman No.4 9IA & o314} &
o 0.1 mLo 2 mM cysteine(in 50 mM HEPES buffer)
0.5 mLE 7I5t & 50 mM HEPES buffer(AR, Sigma-
Aldrich Co.)& 719 5 mLZ #8353}, o]% 27ColA
1087 ¥+ & w3 1 mL¥ 0.4 mM 5,5 -dithio-
bis[2-nitrobenzoicacidl(DTNB) (AR, EDM Millipore,
Shanghai, China) €9(in 50 mM HEPES buffer) 1 mL
£ 71l 33t & ohA] 27C A 1087 §H & 412 nm

oA SFEE S5t} Sthiosulfinate TF HFEE
A(L-cysteine)9] w0 et peak WA 9] BEHTFIA
O 2R AAkSIIT

o 2
T =
Q)

(o}
hi

2,12 315 B BA

=0 Y

FALsE 82 Roberta §(1999)2] WS Holo] &
k1

https://www.ekosfop.or.kr

7 FEY90F ARESIYtE ABTS" 314 HL YAl o)A
12417k o4} B3t & EtOHE 3|45to] 34wk 0.75-
1.05E % ARGl Alm &9 0.25 mLo ABTS*
5148 1.25 mLE ¥l G404 308 B B4R

735 nmolA FBEE S FAksF 24 (Vit.C eq)
HZFEH(ascorbic acid) =0 H3t peak WA &
JFTACZRE AXIYIY, ABTS iz £AZA
= 50% A2l sEE RC502=E I3t

HN rlo

2.13. 54 24
2 A7 &4 s BF
XLSTAT-Base program(Ver.
Inc., Seattle, WA, USA)Z o]-&sto] ANOVA(one-way
3 E(p(0.05)

|
analysis of variance) BAMEA & 5% Fo4=
o4 Duncan’s multiple range test2.2 7z} Ag9] i

#4719 fo4S Pk

33] vk =243 Aow
Perpetual, Addinsoft

3. Zut ¢ %
3.1 YErNE

duh, dimte] BEA)o] e gRHdE BA Ade
Table 19 L}E}Lﬂ"q‘jr ohﬂrJ -r‘j ?: o% 9 .1-92.3
g/100 g= UEHHS Fiy
451lom 235 01%177}1]»&— TMEE} v«laﬂi o =2

e UERATH(p<0.05). T 3F2 0.75-1.99 g/100
g& B, 710 7Hd s HAF Aastal
o tjuto] chid ke 1.84 g/100 gO& 17F ©]%9]
AzxEY =2 32 YeHslt. 229 2 0.02-0.26
g/100 gC& 195371A] Zasttt 235714 thA] S71615)
1, A0 7PHRASE A THAste] 6 8%t &
T P2 Az oie] o 10 B 2 g UElth o
m}o] ZAM g2 0.15 g/100 g2 Az Erh fo%o
T W2 g2 Bk 23E - 0.39-0.73 /100 g&
= 2o b fASHA A7 ZHE S A
2} FAstgon, ok 0.29 g/100 go& YutHct (-9
Hog 2 g2 UsWATHp<0.05). ©pdlE g
5.73-8.35 g/100 gO.& FA|7]9) 77t dSs S716t
AL, o= FHET FFol £A7]0 7ESE 57t
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Table 1. Proximate composition of whole onion by growth stage (unit: g/100 g FW)

Growth stage Moisture Crude protein Crude fat Ash Carbohydrate Total dietary fiber
Whole onion 16 weeks ~ 91.240.36>" 1.99+0.01° 0.26:0.01® 0.73£0.00° 5.84+0.37° 2.23+0.03°

17 weeks ~ 91.5£0.27™ 1.53£0.02° 0.25+0.01% 0.710.00° 6.04+0.28° 1.960.00

19 weeks  92.3+0.23" 1.13+0.01¢ 0.22+0.00° 0.60£0.00° 5.73£0.24° 1.74+0.02¢

21 weeks  91.6+0.30° 0.89+0.01° 0.24+0.01° 0.530.00" 6.79+0.31° 1.85£0.01%

23 weeks  90.8+0.49% 0.75+0.01" 0.26+0.00° 0.4620.00' 7.71£0.50° 1.73£0.04¢

25 weeks  90.140.53° 0.84:0.01' 0.23t0.02° 0.48£0.00° 8.31£0.54° 2.040.13%
Onion bulb 90.4+0.42% 0.80£0.00° 0.02+0.01° 0.39+0.00° 8.35+0.42° 1.74£0.05¢
Green onion 90.0£0.31° 1.84£0.01° 0.150.00° 0.29+0.00" 7.69+0.32° 2.590.38°

Walues are expressed as meantSD (n=3). Means with different superscripts within each column are significantly different (p¢0.05) by Duncan’s

multiple range test.

lo

St= A AdEEs ZoE AZEY SR I
1.73-2.23 g/100 g2& AGA7]E f214Ql Zpol= ¢l
o djuto] FAlo] 5 FF 2.59 g/100 g2 gt
ZE dnrEch |80z W2 Zhe YERHATHp<0.05

S7HEZAEEERE A9718HRDA, 20169 54
Fut A9 AWk E(per 100 g edible por tion)Z H] 1L
W, 7 92 g A 0.95 g, A% 0.04 g, FE 0.33
g, &3 6.68 g, FAOAF 1.7 g & Hx &,
o, A, 3, FSAl0) R TR gkl At o

UL = e s

oo T

—

H 22 342 4= 22 & 5 A o= o dolAM 1
o] =2 o 71918k Ao AmHTh 3 20204 E
AR ol A et $H=919] G4 A Ve Bt
o AHEHMOHW, 2020), $E(=4]), wud, g3t
E, Aol ofF AgAHHE SSA1717] Yalld= 16
T H2(00 98 7122 5.1, 10.9, 7.4, 45705 AH
ok 31, 6¥ $2F FTH300 g)= 71EOR 5.2, 27, 5.2,
5.771% A sfof st Ao R Mxr}b ouf L tiu] g

A, HolHf gl B AL T 4 A9

¢

= T

3.2 22/5

Fuke] ©ato] Y= vlAE AR EE WA dx
539 41-88% A AHA|oh= ©alEelH, 8 T3t
Eo]& glucose, sucrose, fructose, fructan, 18|13l
sucrose® 243t fructasyl A7} A Darbyshire,

1977 Darbyshire®t Henry, 1979; Jaime &, 2001;

838

Suzuki®} Cutcliffe, 1989). w=bA Fu}, djzte] F2 &
2GS BA45l0] 1 AIE Table 20 YEMATH 84
714 Fuke] FElgL glucose ) fructose ) sucrose <=2
2 1 ¥l =3tor FRET T 9.92-23.0 g/100
gl & Ao 7IHASE fHoR FU6HlH
(p€0.05). Hwang(2015)9] dollA ¥t £548 3 T
o] AAETF 100 g 6.51-8.30 g2 BHAL, Randle &
(1998) A-7olA 16559 ¥t & ol 1.6-2.0 g/100
g9 HYH o™, Moon 5(2010)9] A4 E5E, XY
9 ofu} o glefo] 3.2-6.4 gO & E ATLofA] AREEE Fuf
9] el do] tha &2 Ao yEhdt)

2T FFEZ B glucoses 2157HA] S715HH 23
Ao ZHAshal HA] SEA7|7HR] F7Fste] 87]9]
oA 11.6 g/100 g2 & 7MY =2 TZ Yeilon,
fructose= 195714 F7kstth 255744 4sstal thA] 4=
7]9] FZoA 9.33 g/100 g2 & 7FF &2 TS e
ol glucose®t FAMSIATE WA sucrose= 195F7H4] 7
Aottt 11 o] SZAZ|ZHA] F7FeERAL o] GA] 8719
TF2olA 2.04 g/100 gC.& 7} =2 =S YERch
= A= gdkE tiAbllA SAHARL 1A
of glom A& g 9 A}, Bilof| FFE F= ELE
(Kim¥} Kim, 2007), ¥u7t AZoFHA] sucrose?t WA
2= 0] fructose®t glucose Tego] S7FstH A4 A7)
o]% thA FAE O] sucrose TFo] 7tk Aoz Azt
ok B3, 9 sucrose T A A 7IARAAM F

Sucrose=

https://doi.org/10.11002/kjfp.2023.30.5.833
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Table 2. Free sugar of whole onion by growth stage (unit: g/100 g FW)

Growth stage Glucose Fructose Sucrose Total sugar?
Whole onion 16 weeks ~ 3.75:0.01" 5.04£0.01" 1.130.00° 9.92:0.00"
17 weeks  5.32:0.00' 6.2320.01° 1.370.00° 12.9£0.00°
19 weeks  7.2120.00° 6.58+0.00° 0.870.01" 14.70.00°
21 weeks 10.3£0.00° 6.3120.01° 1.20£0.01° 17.840.00°
23 weeks  9.07:0.01° 5.70£0.01° 1.06+0.00° 15.8+0.00°
25 weeks  10.3:0.01° 5.83:0.00 1.59+0.00° 17.7£0.00°
Onion bulb 11.6£0.01° 9.330.00° 2.04+0.00° 23.0+0.00°
Green onion 6.10£0.01° 5.98+0.01° 1.45£0.00° 13.5+0.00'

Walues are expressed as mean+SD (n=3). Means with different superscripts within each column are significantly different (0¢0.05) by Duncan’s

multiple range test.
IMaltose, galactose not detected.

7Fste] i o ZIAROIA 7 #obslal, glucose®t
fructose 4] ESE Y BIEZA AE O ® FTlote BF
o] AITH: Darbyshire(1977)9] A%E §3) HEHoz
FE7|17F HH Yo e AR BF FEoE Mol
FLoA 9 Bgo] w2 ACoE AlmETh

kel SR F2 13.5 g/100 g2 1953} o|%
AzxEoh %2 2k YT, glucose, fructoses A
ZHTE U2 kS B9 Ol sucrose= 25FAF AZRE A

osta B2 A7l Aaut Be FEe B

3.3 FIl&E
Jut, ] F71E F HEFEE FFS Table 3, 1]

FE TF2 Table 49 ettt BSA71E goto
AR 5 Cax 28.9-65.5 mg/100 g, PE= 15.94-
28.54 mg/100 g, K& 147-253 mg/100 g, Na¥ 2.37-
8.67 mg/100 g, Mg 10.0-17.4 mg/100 go|Qith 2%
6 A7 7I7HA RS 1 Shgo] Haste A
HA 68 83 7oA PE ALt Ca, K, Na, Mge
7MY 22 e Holth E9] tRHJES ASEe] ot
A2t Aaster 235 o]% o] fHor Frlelitt
68 £ A Facts AFS Bk I vHAHE F
Fex= 0.27-0.77 mg/100 g, Zn< 0.15-0.28 mg/100 g,
Cux= 0.005-0.05 mg/100 g, Mn< 0.18-0.39 mg/100
goIqlaL, B 11 Jhgo] fojA o8 Fasit £ Al7]9

Table 3. Macro minerals of whole onion by growth stage (unit: mg/100 g FW)

Growth stage Ca P K Na Mg

Whole onion 16 weeks ~ 65.5:0.76°" 28.54+0.17° 253t3.60° 8.67+0.10° 17.4%0.01°
17 weeks  60.20.65° 25.71+0.12° 23543.03° 7.73t0.06° 16.6£0.07°
19 weeks  56.4£0.09° 21.580.18° 210#1.19° 5.76+0.04° 15.1+0.10°
21 weeks  60.7¢0.07° 16.47+0.03° 187+0.82° 5.3440.05° 14.4+0.02°
23 weeks  45.8+0.46° 15.94+0.14 156540.229 4.79+0.05' 12.6£0.08°
25 weeks  46.9:0.29° 16.98:0.20' 167+1.35' 6.23+0.02° 13.2+0.07'

Onion bulb 28.9:0.36' 18.600.22° 14741 64" 2.370.00" 10.0£0.12"

Green onion 19.940.01° 34.140.16° 247%0.95° 2.97+0.02° 13.5£0.01°

Walues are expressed as meantSD (n=3). Means with different superscripts within each column are significantly different (p¢0.05) by Duncan’s

multiple range test.
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Table 4. Micro minerals of whole onion by growth stage (unit: mg/100 g FW)

Growth stage Fe Zn Cu Mn

Whole onion 16 weeks  0.570.00°" 0.2540.00° 0.05+0.00° 0.200.00'
17 weeks 0.4420.00° 0.20£0.00° 0.02+0.00° 0.18£0.00°
19 weeks  0.37:0.01' 0.17:0.00' 0.010.00° 0.25+0.01°
21 weeks 0.40+0.00° 0.28+0.00° 0.010.00° 0.3440.00"
23 weeks 0.77+0.01® 0.15£0.00° 0.005x0.00° 0.39+0.01®
25 weeks  0.64:0.00° 0.19:0.00° 0.01£0.00° 0.38:0.00°

Onion bulb 0.27+0.00" 0.15£0.00° 0.01+0.00° 0.18+0.00°

Green onion 0.350.00° 0.34£0.01® 0.04+0.00° 0.37£0.01°

Walues are expressed as meantSD (n=3). Means with different superscripts within each column are significantly different (p¢0.05) by Duncan’s

multiple range test.

=

=
ol

3R
=

69 B T2 Cus Alsta 7 W2
Z, 68 $E38 20| P, CuE AlQlgt o
AzxHETH 13-2.68 o %2 AL &
Qqlch diwte] AL Ca, Fe AEL 19.9 mg/100 g,

mg/100 g2 & H27t ot =& e Ushfl= A

i
b
Mr xR
ok By

O 4y o mk oy
4
N
oXx
ot
rlo

tlo
e V
4
¥9
32,
O,

7t RTAFESEE A Fu BAY FUIEE
(per 100 g edible portion)d H|WS|EH, Ca 15 g, K
145 g, Na3 g, P 27 g Mg 8 g, Fe 0.2 g, Mn 0.18
g, 7Zn 0.15 g, Cu 0.01 g©&, Ca, K, Na, Mg, Fe, Mn=
AuHA el At ] =2 @2 2= A ¥ 5 AL
o] A bR} 7R 2 ot QoA 11 kol &
2 o 710% Aog AbRHEh E3F, 20209 HAEA] R
A HHSE 019 JgAa AF 7IE BElste] A
9, #7149 sk ARAHFEE S8 337171 fsiA
165 A2(300 g/ 7I&2& Ca 50.87, P 147, Mg 7.8
N, Fe 9.470, Zn 13.371, FFTH300 g)E 7|2 E Ca
114.97], P 2170, Mg 13.77, Fe 19.87, Zn 22.271 A

sfof ke A2 ¢ & A

3.4. 274

50 YER AT AEAE Fute] SR 2 266-
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574 mg/100 g2 = UWFAQl Fj4t Futo] [7|4F o
ol o (Lee, 2006), malic acid(126-517 mg/100
g) » citric acid(36.6-139 mg/100 g) » oxalic acid
(4.91-12.5 mg/100 g) «°& 11 o] &k acetic
acid, tartaric acid, lactic acide HEEA] Lottt o]
st 714k 24 vl Kim $5(2014)°] 13 malic
acid 172.91 mg% » succinic acid 115.78 mg% » citric
acid 52.81 mg% » oxalic acid 4.35 mg%2} F-AFSIHC.
o Benkeblia®} Varoquaux(2003)7} Ralst 4714 &
J % malic acid(64%)7} F2 }A|sh= Zo] FASIIT.

714 52 BW oxalic acid, malic acide 215
7HA, citric acide 195714 3ol foj8 o0& ZHasitt
1 o]3 R F7tetAtH(p(0.05). §3] 6Y 3t o]
citric acid(139 mg/100 g)& A<Jet e K714t A2
AzEG § 32 A2 & 4 A8tk ti=he] 4§ acetic
acid’7} €591, 9714 9 oxalic acid, malic acid
S 21574 ojd g HxHo W2 dFolgloyt
citric acide FITiE o] Az Ko} W kS YePiTh

3.6, FEEE 0/

EE ol E(flavonoid)= EY¥lEY 4FoE, R
9| EgtElo|E gHitstE o] Bsto] Q1A U T4
FolA A% 7= ALo& BiEo] Sitk(Park 5,
2016). ¥}, o] FEeE o] st Eeti o]t 33t
E& B439 23 Table 69 YEFHRITE BEAI71E %
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Table 5. Organic acid of whole onion by growth stage (unit: mg/100 g FW)

Growth stage Oxalic acid Malic acid Citric acid Acetic acid Total organic acid?
Whole onion 16 weeks  12.50.18°" 509:0.74° 52.80.45° ND 57420.27°
17 weeks  11.3:0.16° 517+0.45° 40.8t0.14° ND 569:0.15°
19 weeks  9.79+0.05° 415+0.71° 36.640.57" ND 462+0.26°
21 weeks  4.91+0.07° 25740.21' 49.140.22° ND 31120101
23 weeks  5.26:0.07" 259:0.28° 51.5+0.57° ND 316:0.18°
25 weeks  6.62+0.08° 196+0.13° 63.310.84° ND 2660.21"
Onion bulb 5.35:0.26' 126:0.13" 13940.18° ND 271£0.119
Green onion 8.78+0.02° 29340.41° 46.610.17" 28.11.00 37740.33

Walues are expressed as meantSD (n=3). Means with different superscripts within each column are significantly different (p¢0.05) by Duncan’s

multiple range test.
Iartaric acid and succinic acid were not detected (ND).

Table 6. Flavonoids of whole onion by growth stage (unit: mg/100 g FW)

Growth stage Spiraeoside Quercetin Isorhamnetin Total flavonoid compounds
(Quercetin—4 -O-glucoside) (Quercetin-3'-methylether) (Rutin eq.)
Whole onion 16 weeks 7.93£0.12°" 10.4+0.14¢ 2.37£0.18° 203.0£8.03"
17 weeks 5.89:0.08' 7.63:0.10° 1.79:0.04° 160.0+7.42°
19 weeks 2.65+0.02° 1.52+0.03° 1.040.04° 136.30.85°
21 weeks 25.60.14° 35.6+0.09° 2.88:0.07° 110.9¢3.48°
23 weeks 19.9+0.07° 37.8+0.04° 2.38:0.17° 103.8£3.13°
25 weeks 68.9:0.39° 67.4+0.60° 2.96+0.03° 90.0245.12f
Onion bulb 40.0£0.10° 61.7¢0.10° 3.41+0.01° 46.30+1.40°
Green onion ND ND ND 33.96+0.19"

Walues are expressed as meantSD (n=3). Means with different superscripts within each column are significantly different (p¢0.05) by Duncan’s

multiple range test.

o] FEetELolE L 46.3-203.0 mg/100 golA
on, FAFE fojHo g FItsto] Ax7t 6Y FEgt
TFEEG =2 S UElth kY] ookt A
UEtHE quercetin ¥ quercetin ¥l A= spiraeoside
(2.65-68.9 mg/100 g) » quercetin(1.52-67.4 mg/100
g) » isorhamnetin(1.04-3.41 mg/100 g) o= 1 &TF
o] =0ttt BHA Al 7HA] 4£ F isorhamnetine 6¥
3t Ao] AxET w2 FE UESIHh e 4
S Al 7HA] AR BF HEEHA Lo, SEE s
FZ 34.0 mg/100 g2 Jupith W2 2 UEITH

B3, gt A2Vt 62 Rt EET S ot 3t
A& go] EobA 2550 8RRt JHHE FREE RALSH

U.?l’.

https://www.ekosfop.or.kr

o] Fig. 2(A)°] YerRQIth 1 A3}, 25%0] $23t A2
% XAl 9] ZetH ot 33HE Sefo] FHTH Y
FATE %0 Tt lo|E F3HE FFL u)H AxT}
F2ET O geo] fojFoz e AL & 4 YTt
(p€0.05).

36 /54 &2

&nt, dinte] FAEL, FEHAMWoIE ¢ S 4
of tist B4 ZA¥= Table 791 UYerH it AGAI7E
Uute] FHE4 TS 0.21-47.7 mg/100 gC & 165
AF AzoA 7MY w2 T2 UEY, AATEeE /9
207 fadshe AE Hoi(p<0.05) 2552 HAzoA 7}
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Fig. 2. Flavonoid compounds contents (A) and antioxidant activity (B) of onion by growth stage. "Means with different superscripts
within each bar are significantly different (p¢0.05) by Duncan’s multiple range test.

Table 7. Functional constituents of whole onion by growth stage (unit: mg/100 g FW)

Growth stage Chlorophyll Total thiosulfinate  Antioxidant activity
(ABTS' radical scavenging)
a b Total Vit.C eq. RCso
Whole onion 16 weeks ~ 10.6¢0.05°” 36.8+0.04° 47 4+0.08° 6.570.14° 507+7.85 8.38:0.14°
17 weeks  10.4£0.06° 36.940.02° 47.310.07° 5.99+0.07° 527+19.9° 7.39+0.36°
19 weeks  7.6940.16° 27.0£0.21° 34.60.37° 5.42+0.18' 42148.08° 9.4340.23°
21 weeks  6.1120.05¢ 21.3£0.10° 27.30.15¢ 5.90£0.03° 34143.36° 12.670.34'
23 weeks  4.82:0.02° 16.90.02° 21.740.04° 6.33£0.08° 492410.3° 10.45:0.20°
25 weeks  1.97:0.06° 6.92+0.10° 8.89+0.16° 7.23+0.06° 42442 70° 11.2740.32°
Onion bulb 0.0740.02" 0.15+0.03" 0.210.04" 6.99+0.05° 358+4.45° 13.60:0.09°
Green onion 2.97+0.03' 10.240.04' 13.240.06' 6.97+0.20° 22149.58° 19.050.52"

Walues are expressed as meantSD (n=3). Means with different superscripts within each column are significantly different (p¢0.05) by Duncan’s

multiple range test.

R T UERH g9t SHE4 2 13.2
mg/100 gC 2 g} Hx7}t v &2 S Uehlle A
od & A% E5| FUEAE AR €9EE 55
B FEANEUSL 10 mg/s oINS B9 72 AR
AEoZ dd HHF 8-150 mg 55 Al o&A7 - 4t

gl =55 & & AHKim 5, 2011).
Thiosulfinate= alliin®] &3} WAEZA = sRBIE
F= 0 R SRl & Stk & 9] 3t 7154
< I Gulfur) FE22RE Fefsty £2 SiE2e &
g E A ARA 5 83 AYES 2= allicin

o] tKCavallito?} Bailey, 1944; Dewitt &, 1979; Small

1o
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¥} Bailey, 1947). 124 ol= o EFYS SRtEE gt
o= A EAkA] @il JukE AdskAY o7 1 allinase
= G40 9J5f alliin(S-allyl-L- cycteinesulfoxide) 2.&
e B9 (Donner 5, 1997). websd gupel F
thiosulfinate 3 Bttt 2 5.42-7.23 mg/100
gO & 19574 HALTE FoH 0= Fasitt thA] 25
F7HA 716l ol ¥ FSHE B4R A B
H|3 oS VERHAL B 7.26 mg/100 g& YERIT
+ Hwang(2015)9] &%} B3t /2 E9or, &1t
Mo wel BAT AT 1.70-4.24 mg/100 g& H9l
Block 5(1992) ARt} ¢ =2 £Z9] thiosulfinate
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Fig. 3. Flavonoid compounds contents (A) and antioxidant activity (B) of whole onion and onion bulb by cultivars. Only spiraeoside,
quercetin and total sum among the flavonoid compounds were subjected to statistical processing. "Means with different superscripts
within each bar are significantly different (p{0.05) by Duncan’s multiple range test.
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