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Abstract This study aimed to compare non-volatile metabolites and antioxidant activities of three
purple radish varieties (cv. Sweet Baby, cv. Jungwoonmu, and cv. Boraking) leaves and roots. The
total phenolic and flavonoid contents of the leaves were significantly higher than the roots.
Glucosinolate content was significantly higher in the leaves than in the roots. In the purple radish
roots, Boraking had the highest total anthocyanin content (420.14+16.2 mg cyanidin-3-glucoside/100
g) when compared to Sweet Baby (351.1£27.3 mg C3G/100 g) and Jungwoonmu (367.1£16.6 mg
C3G/100 g). Based on the non-volatile metabolite analysis by liquid chromatography-electrospray
ionization-quadrupole time-of-flight-mass spectrometry, 40 compounds, including flavonoid glycosides
and coumaroyl glycosides in the leaves and 48 compounds, including various cyanidin glycosides
and kaempferol glycosides in the roots were identified. Boraking was clearly classified from Sweet
Baby and Jungwoonmu. The leaves of three purple radish cultivars had higher ABTS' radical
scavenging activity and ferric-reducing antioxidant power than the roots. The non-volatile metabolites
and antioxidative activities of three purple radishes are expected to be used as basic information
in food processing. In addition, the purple radish leaves, which are mostly discarded, will be used
as a variety of food materials such as salads, wraps, and various vegetable-based dishes.
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1. M2
(Raphanus sativus L= ARSI &5l 2EAEZH AAAZoZE Auf @ Av|E 1
ot SEUEe] 4d) a4 F skl F= A, BRgol, 12 A 59 FEE, 181 7S
H|

e, A, ), Ten AEE Bog ¥e 4
olefet ol 2o AL L 4 Sof w2t 57
#) B BT P E5E) AL U5

= oS, At s, SHAEE A4, |WY 4, 191 9F o 5o gkt 4% 715
g E3gtcty B E T 9lon, vitaminFe} mlneralO] 25, ﬂavonoid-ﬁ—, phenolic
compound, lignan¥, terpenoid$F, glucosinolate, carotenoid%, “L2]3l anthocyanin 5= X3 Tf
oFst 3-8 AHES gH3otal tk(Gamba 5, 2021; Goyeneche &, 2015; Koley &, 2020; Shin 5,

9ltH(Gamba £, 2021; Kim %, 2010).
(), S9m(gE=SF), 182

g3
oo 5z
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2015; Wang &, 2013; Zhang 5, 2020). 32 flavonoid%,
phenolic compound, carotenoid® 59 F-84ES Tl
ot BarE Hf QItk(Park 5, 2020; SelyutinaZ} Gapontseva,
2016; Shehata 5, 2014).

5ol R4 ot 78 AEE2 4750 71T #
gk ofue}, 2Hek, 3| 59 7154 B0 2 £ &
24 Qlth(Kwak 5, 2017; Mei 5, 2022). £3] w25 &S
2 434 glucosinolateF= Y, b, 181 FIZS E3F
ek ofz] A2 S4S EHsh, o TR0 I AS FY
7154 E4o] FEAQ dFE = T2 AL AR L

Qltt. Glucosinolates % glucoraphanin 0|, T3 o],
glucoraphasatin £-9ro|u} o289k XYl QIthBell 5, 2018;
Yan 5, 2023). Glucoraphasatine -of 335 glucosinolate®]
90% oE Ak o, AN, BE L o] B
I 3=F Zojrt wfe- Atk B E v Qltk(Yan 5, 2023).

] carotenoid ¥ anthocyaning $H3511 Q= HAE =
TEZ AHAENA A0 B F= 78 AaE ST
1 9Ith(HanlonZ} Barnes, 2011; Muminovic¢ 5, 2005; Zhang
5, 2021). E3] AAEY AL cyanidin T pelargoniding
7] 20| phenolic acid$t, G5, 18Il F7]4to] AE ot
oFst anthocyaninFS $H5-51311 ith. ©|2]3t anthocyaninF=
A%, AR A5, T AE AR A, 193 HgE
oAl F9 uRt AE A4S ISt A St
(Alappat¥} Alappat, 2020; Jaakola 5, 2013; Malien-Aubert
5, 2001; Pang 5, 2023; Wu 5, 2023; Yuan 5, 2023). X+
AR Z2E0] we} anthocyanin®] £5 2 gHeF 89t oy
gt AR G o AeE E1E B tHGoswami 5,
2018; Goyeneche 5, 2015). ZUo]A] AHi=]1 Q= AT
FSEET AFE o], AT, Hepd, 183 Hepo]
Ao, 1 EFFo] wet £ EAS olsE At AR o
T mlERE Aol

A, 2 AtoflAe Ut AHE I Qe AT
3EZ[AYE H[olH|(cv. Sweet baby), AF(cv. Jungwoonmu),
1831 BeF](cv. Boraking)l& A C.E LC-QToF-MSE 0]
&3 B dAA E42 53l ittt §42 gofsta
A opolct. E, AHES] Fo} FAo] gt ghake} S H
w35

2. g 2 diH

2.1. &g M=

E A3]of| AL F(Raphanus sativus L)'= AT SHE
ZolA1 20229 99 1¥0f mhFato] 20229 119 9o 58k
AOoR, A= AQQE H|o|H|(cv. Sweet baby; AP, %
=5(cv. Jungwoonmu), 121l B} (cv. Boraking), THZ

o

Hdoox ol

986

22, SHEN HEE ¥ SEHLO/E B 5K

ROl U] Rol BY AZLT 100 meS 70% Tt
< 1 mLE Z}7} 7ksho] 304 B2t sonicationsto] &3t Th
#COIH 293 xg02 158 B ARNe] A3 el
Stk AR B AYRAIEo]H], R, 12
I BHE))9) FEleA SRelE P2 Folin-Denis W (Hwang
5, 2021y ®Yste] SAsIH ol& 4 AdEScle F
ot 4 70% WghE 255 A Xt 2] Fef 73 &
£ 10 L2} 0.2 N Folin-Denis Reagent 100 uL.E 33t of2
g2o0lA 387 B HEGAIRH. o] Hhg- -§Hof| 7.5% Na,CO; &
3-89 80 pLE 7hoto] 1A B9F AofA] BEEAIX TR,
750 nmoj|A] B3 EA(MQX200R, BioTek, Winooski, VT, USA)
2 olgslol BHwE 2ot o) BEEAE mllic acid
2 olgsio] EEINE AN, BUEH ST PP
gallic acid©. & AF3-5= Y(gallic acid equivalent, GAE)C.Z
FHASFe] UeR ot

SR @ AR o] $EeHI0)E FE Ban 5Q01S)Y
e ot gstel 2ysiant 270 o 54 2
20 puLe} diethylene glycol 180 pLE Z3st the ARL0)A
3% B BRAIFTE o] §H- &0 IN NaOH 10 pLE 7t}
of 37°Co|A] 904 &3 WFSAIX] T2, 427 nmojlA] F33 =
AMQX200R, BioTek)& o|830] FHES 245i9ich. o]
o BEEHRE naringing 0]-§5to] BEFAS 2SI, F
9 FA9 EgtHE Lol F=FE naringinC.2 ARSSME F
(naringin equivalent, NAE)©. &2 3}Alslo] LERA AT

=3

2.3. AMTFY FOHEAIOI BtEF SE

ZHBEL 100 mgE 1% trifluoroacetic acid(TFA)C] TH--¥
70% WS 1 mLo] Yl Ao 12417 &t FE3 o2,
4°CoJ| 4] 293 xgO & 158 5o ¥A] EZ|(VARISPIN 12 R,
CYRSTE)sIQit}:. @ojzl AHHRL] 70% wWeE FE& 100
pL= 530 nmoj|A] B34 A(MQX200R, BioTek)S ©]-83}0]
PEE 24519 ojrf EREZE cyanidin-3-glucosides
o] &3sto] EEFAZ AL, FUEAOR FFES cyanidin-
3-glucoside ©. & ZHAHequivalent to cyanidin-3-glucoside, C3G)
Sto] Leti Qi

2.4. Glucosinolate gtsf =&

To} 4 9] glucosinolate: MoonZ} Ku(2022)9] B0 =
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A4 9 Y BAgA B9 T $EUR BTARO.]
2% 70% kL 2 mLE EFto] 95°CoA 102

2%t o2 1 mM sinigring 7}5FA] &al
BTHS Aol Dojxl 134} 23 A5 A E)tste] 70%
Hets F2EZ AXSth AxdE 70% HEE F25
mL%} 0.5 M lead/barium acetate solution(l M lead acetate /
1 M barium acetate = 1:1 v/v) 150 pLof| ¥F&-AFt}. o] ¥-3-
$91Z 4COIH 293 xgO% 18 B WY olo] A3k
AgQjct. dojA AFEML Sephadex A-25 resin®] FYT thS
0.02 M pyridine acetate 3 mLY} 33554 3 mLE £A14 0
2 2%5}9 ) Glucosinolate7} S&HE A0 sulfatase 500
uLE 93 1247F B9t ¥REAIR HE 3RS RSE 3 mLE
glucosinolateE £Z35t9th. 8% 2NLS 022 pm syringe
filter2 o7}5}0] LC-QToF-ESI-MS E40f A}-8519c}.

Glucosinolate®] A4 2 HFS ACQUITY UPLC® HSS
T3(1.8 pm, 2.1x50 mm, Waters Co., Milliford, MA, USA)©|
215 Ultra-performance liquid chromatography(UPLC: ACQUITY
UPLC™ system, Waters Co.)?} ESI-QTOF-MS (MS: Xevo
G2-XS; QToF, Waters MS Technologies, Manchester, UK)<
o]-85}la] EA35}9 ) Glucosinolate £8]5 2|3t UPLC A
9] A% ol s &= 0.1% formic acid7} 32 H,0(A)2}
acetonitrile(B)2 AR5}, 0-5 min 0% B, 5-7 min 80% B,
7-9 min 100% BE 3Jl= gradient YO8 2&3}9 0,
210-400 nm2] photodiode array(PDA)E 0]-&35}o] AHE35}S
t}. E3h column ovend 2T 40°C, 4L 0.2 mL/minS
2 319t MS 42 positive 2 negative ionS 0]-&5}% 0.
™, collision energy= 20-45 €V, ion source =X+ 130°C,
desolvation &+ 200°CZ EA35}9ch W& EE E49
sinigrin®] peak area®} A|ZoJA HAEH S9H=E9] peak areas
vl 139 oS, 1 ol response factorE Holo] 7NE
glucosinolates AT tH(Clarke, 2010).

2.5. LC-MS 7[8F 2o} PEO| LfALH 241

ol B HEO] 70% HEkE 552 Sep-Pak C18 Classic
cartridge(360 mg, Waters Co., Wilmslow, UK)°] {3t th=
32} 55 5 mL9} 100% acetonitrile(MeCN) 2 mLE -&&5}%]
ot dojA 100% MeCN €& 53519 0.45 um membrane
filter® TRt & Fojxl ofA-S LC-MS hAHA| £A4of AHG
skt FeoF 749 B diAAlE 44719 glucosinolate
a5 S0l AAIRE BI} o] o] 54 &l 85 22 A9
5l1 5%t UPLC-QToF-MS %708 BA45}9jch UPLC &

https://www.ekosfop.or.kr

9 35 7o 739 ole/d &M= 0.1% formic acid7} o
£ HOMS MeCN®B)E AH8313Ic). o] ] ofst Bule)
gradient €% WL 0-4 min 5% B, 4-6 min 10% B, 6-40
min 20% B, 40-50 min 30% BZ 39t thARIEL 210-400
nm2| photodiode array(PDA)E ©|-&5lo] A&t F+9f &+
AollM AEH dAAIES 221 Hlo]EHo] A(MassBanke}
Pubmed)E ©0]-85}%] MS fragment iong H|WS}] F45}AL}.
Progenesis QI(Waters Co., UK)E 0]-8-5}o] SI¥E59] intensity
£ 75102 MetaboAnalyst 6.0(https://www.metaboanalyst.ca/)
£ o] 850 F E= thHREA|(Principal Component Analysis,
PCA)S AAISH3ITH

2.6. ABTS' radical 275 % a8 =X

Tl 2ol ABTS' radical 27% 42 Song 5(2024)
o WS ot Wysto] Sot3irt. ABTS' radical -84
7 mM ABTS 58983} 2.45 mM9] potassium persulfate 58
B 1:1(v/v) 2 oL, oA 12417 Bt HESA
71 & 734 nmo| A S3LE F(optical density, OD)°] 1.0+0.02
7} S5 2R st ARSI 2ok 2] 70% o]
e19 2ZE Qo0 10 uL7} ABTS' radical -89 180 uL=
Sofste] 1A 59F Aol A ¥HSAIX] & 735 nmofl A £33
FEA(MQX200R, BioTek)E o]&ste] SFEE 75131t
ZE49] ascorbic acidS o]-&dto] ERTAL AA5H9 L,
9} 249] ABTS' radical &7% AL ascorbic acidd} A
5= &I (ascorbic acid equivalent, AAE)Z FAFSlo] e}
A

Fl ol

= oo -d

s

A Ro Ao FPUE Chae 5(2023)9] S o
7F Agstol 25T Bot £Y0] 70% e F2E 8
10 uL¥} FRAP W3 89[300 mM acetate buffer/10 mM
2,4,6-tri(2-pyridyl)-S-triazine(TPTZ) -&%/FeCl; - 6H,0 &
= 10:1:1(v/v)] 190 pLE E3¥sto] 37°Co| A 102 52t HHAl
71 TFS 593 nmoj|A T3 E 2461t T2EA] ascorbic
wid® olg3lo] EEZNE 4eloi, woh BAo] Al
gL ascorbic acid¥ A-55F= HL(AAE)Z gHilsto] LrERY
At

2.7. &4 24

E A A8+ Prism 5(GraphPad, Northside, San Diego, CA,
USA)E ARgsto] 9 HAF EX(one-way analysis of variance)
& 2SIt waRe} Run Roh BAe) B3 AT &
Z(ABTS' radical 2753 F84), FH=4 sRi= I,
FEehols g, Teln SEAORY WBY] Rolat A
O]+ Tukey’s honestly significant difference test® ARE HA
(p<0.05)y& A5,
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3. 21 % 2%
3. 1. EQ=4 sfelE 2 EE2fEL0/E
ol ohrE w4 skkE B flavonoidFe FAMSE ]
W g9E, WU A7, Aot 59 tofst A7 7154
i B Slol, AES] A% 944L olfEke A
¥ AX=E EEEH 9th(Goyeneche 5, 2015; Koley 5,
2020). F-ofl+= caffeic acid, ferulic acid, quercetin, luteolin,
cyanidin, 71811 1 T WiFAES T chokst £79] b
=4 S EES RSk oy, I 3 E5, FAGEH,
’\, 7, 18al ), 1A Afuebgof wet tEral HAE]
QITH(Chorol, 2019; Noreen¥} Ashraf, 2009) AR EL ESE
anthocyanlnE £ H|£35E thr9] HewA SIES okl A
Aoz AL wfebd, AR 3EE 9 umu | Zxo
W’%ﬂi FoF 5249 FH=4 Q}?JEJ} % flavonoid S
S, $4) B HUE 050311972 m
GAE/100 g dr. wt)2 SAEo} AR T2 me 513 1.
486.5 mg GAE/100 g dr. wt.)o H]5j| ¥57] l;qg_% oF 2 9]
AUCHFig. 1A). EIF AT 3ZF0] A& FA9| =4 3t
FE FFL 1,087.0-1,197.2 mg GAE/100 g dr. wt.2 3214
ol ol Holx| Yotout, gL A8 WaRel R
A9(850.32503 mg GAE/100 0 g dr. wt.)o] H]8] Sojdom
BSIT B 49 AR 3ESS B4 AT g
258.5-486.5 mg GAE/100 g dr. wt.2 tZQl FHA4o] H]
3 froldor et &3, AT F5E S ol M
=2 S sX /e §5F486.5£17.7 mg GAE/100 g dr.
wt.)o| Rt
Tt B39 F flavonoid & SH=d SRE A &
A]—o]— ﬂcg:o]cq oq. 0oxxE 7]-,] 1 olakg _ﬁ_,]xi oz r)r/\

Slr2F
oo

I

®) 1800
-~ = Leaves  ®Roots
= 1600 |
i~
=
2 1400
= A A
= 1200 A 1
: | g
1000
£ J
s 800 r
&
]
S 600 a
£
S 400
b b
i Ha BH BN
s . . .
Mubyeongjangsu  Sweet baby Jungwoonmu Boraking

o7k ol WEE UK Fig. 1B). 5, 732] F flavonoid 3
22 205.2-513.8 mg NAE/100 g dr. wt.2, F(8.6-97.2 mg
NAE/100 g)°] H]3] ¥53] &9ton, ol Zus4 RIE
T FARE B UEith a4 SRkE el 7MY
=9l APMEL Z=20] HEl7]o] B4 (513.846.7 mg NAE/100
g dr. wt)2 T AR Z2Eq] Ao H|5] §ojHog 7}
& &2 3 flavonoid Tol et i, APHEQl FF &
%9 % flavonoid ¥F2 AHE £F5 F 7P F2 9ol
Aom, 2l Fo] HsiA = FoJHoR T Fe o
Fo|tk. 7o A9 AR 3EFo] WA vl FojFoR
E2 3 flavonoid FFo| ot FHl=A StE ol 7Hd
=9ie Bl 52 AYE H|o]H|(97.242.3 mg NAE/100 g
dr. wt.)Q} A-25(89.3+2.7 mg NAE/100 g dr. wt.)o] H|5]| Tk
3HeK(57.041.4 mg NAE/100 g dr. wt.)2 LJERC)

‘-jrxéﬁ o]l vjsf Adtid o2 Fvls/d ke 9 F flavonoid
Slefo] =rhal B E 3 9] 0 H(Goyeneche 5, 2015; Kim &,
2010; Orak, 2007), o= & oI5 Ao} U] o}oﬂu} AP EL
WAL 2u|=sA4 SIHEY & flavonoid TEFo] R-AFSITHL

H 715} O Y (Mohammed 5, 2022), 0|2} &2 & Ao At
S5 AUT 3 FEE 05 AuT D] v £ &

H=A S9HE gteko]gl o, & flavonoid SFF ESH RFAHELQ]
TS Aot &2 AFolUth AR FHlEd et
= % < flavonoid AF2 Auied ¥ £2A7]o] w2t &
T oy 53] FHlEA s 3§ flavonoid FFO] EF

of et chEg o 4 U

3.2. FOHEAIOH B3

Z L A]IZ 0

Anthocyaninii= 4|59 M E= A4 M4 RMERE, &

s

—_
]
-~

—~ 600 = Leaves = Roots

e

g 2

o 500

o

e

€ 400 | B

=z

=) C I

£ T

~ 300

= |

]

c D

S 200 ‘ H

2 |

o ]

H

2 100 | a b

s | c

= |

'9 0 ==t L L L .
Mubyeongjangsu  Sweet baby Jungwoonmu Boraking

Fig. 1. Total phenolic (A) and total flavonoid (B) contents of different radish cultivar roots and leaves. Different letters above the
bars indicate significant differences (p<0.05). The bars and error bars represent meantSD (n=3). Different capital letters on the bars
represent significant differences between different cultivar leaves. Different small letters on the bars represent significant differences
between different cultivar roots. GAE, gallic acid equivalent; NAE, naringin equivalent.
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TN, P FAS 5 T A% 7140 Sttt
H 153 ItH(Garcia?} Blesso, 2021; Mozos &, 2021). A
Fo+= anthocyanin % cyaniding 7|2 ZZ0] glycose,
organic acid, phenolic acid 50| 235 FejZ A5} ot
L A glom, £ Wt anthocyaningy $Hge] Afo]7F 2
o BH3E v} QoK Giusti®t Wrolstad, 2003; Liu 5, 2024).
Anthocyaninf= Fof tiFE EAsta 7o =5 47 o
ROt o & Ao ARSHE AR 3EF HE 7
= g WA &3S 8o R TFEL wetA, RS
A Qela AR 3EZE0] L5 g4t O 2 ¥ anthocyanin T
2 XA Y. 1 A3KFig. 2), BEH]9] & anthocyanin $HF
L 420.14+6.56 mg C3G/100 g dr. wt.2, HLE(367.10+
16.61 mg C3G/100 g)?F AQE H]|o|H|(351.09+27.33 mg
C3G/100 g)ofl H]sf FoJ2 o0& #3ITh A2l F anthocyanin
BEF2. 63.77-500 mg/100 g dr. wt. 2, ZZo| wie} 1 o)
|9 ti2cky B1E T QItkJing 5, 2012; Lim 5, 2023).
2 A9 ARG AR 3EFES tE AT 50 H
3l anthocyanin 3&Fo] A& o2 =2 Aog AlgHch

ook

Ol

3.3. Glucosinolate 2l&f

Glucosinolate = 3 $H3-511 Q= 22 AKIER,
Ba2Ze, 859} 22 Brassicaceaed; A1 E0A F2 a5 0]
om, FAtsh, FAF, AEHAG o, 23 HAFAE
H3S 5 ot AegAe HHsta B E I 9 th(Mithen,
2001). 134, glucosinolateF= ujdto|y} 22dto] 2Ll
Qo] Fof tFoz gaaka 9l A ol FgFQl TS
F= SRMEZ U4 tkBell 5, 2018; Yan 5, 2023).
wheba], oA AEiE T Qe AR 3EF] Fof RS

450

400

a
L b b

350
300
250
200
150
100
50 |

0 L L s

Sweet baby

Total anthocyanin content (mg C3G/100 g dr. wt.)

Jungwoonmu Boraking

Cultivars

Fig. 2. Total anthocyanin content of different purple radish
cultivar roots. Different letters above the bars indicate significant
differences (p<0.05). The error bars represent mean=SD (n=3).
C3G, cyanidin-3-glucoside.
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Ao E LC-MS E4-& 53)| glucosinolate 5 A4 2 Aol
t}. 1 AiN(Table 1), F3o]A+= glucoraphasatin, glucobrassicin,
123 glucoraphaning H]53t 329 glucosinolateF7} A&
At FH9 LC-MSoA HEH 3F9 glucosinolate’: &
glucoraphasatine HA5}A| &2 §=Folglon, 11 th&og =
glucobrassicin0] it} E3] w25k} £9-& A glucoraphasatin
L APATLQ HQ-Fo] FH(36.88+4.14 mmole/100 g DW)
o] & AME EZ0] AQEHO]H|(19+2.15 mmole/100 g
DW)2} ¥ 2}7)(18.88+£0.27 mmole/100 g DW)o]| H|3] 21j o]
A} =2 gEFolQlt). Glucoraphasatine A EHojv]Q} Bz}
7 5t M) R u]g] RolHoR Yo |y
ot FojA= 359 glucosinolate’® % glucoraphasatin®}
glucoraphenin’} 3 3}8MEE, glucobrassicine =H|FFO 2
LC-MS EAoA AEEAt}. FoA9] glucosinolate o
< 7ol Hls 208] o4 w9 =AUt Glucoraphasatin®}
lucoraphanin FFE AARSL MAR ESE 7] §21A2
Aok BTN, T e 24 Utk

Glucosinolate = &= HOA&, £7], 18|11 ), A4l
270] e} 1 £R9} gl hErka HET ckBiond:
5, 2021; Kang &, 2020; Lee 5, 2024; Tong 5, 2021). £3]
T2 7heoly 11L& AEHA T Auie QAo A4
Al FF= "ot o 790l B3] glucosinolate2] o] &
oL A Qloh AR, AR 5)9] glucosinolate
FFe MR ws) Ao wckn e w ok
(Hanlon} Barnes, 2011). & A3o] AL85 AT 25 =
F39] AS- AE HoH]7} 7Y =2 glucosinolate 3]
o5 19 5 EEEL Wunel Butael gAaAY
o GOl RO A9 AMT 1BE BT WUR} v
AY FYH0E 22 glucosinolate o]t E3H, AT
+ anthocyanin &%o] £7}84E glucosinolate $FF0] 57}
te APl U(ing 5, 2012), o|9F &) 2 Aol AR

AAEL Z2E0 Z anthocyanin $5F0] =11 glucosinolate
gHego] vre Aol3ih. oj4e] Ang FH ww, 2A}
9] glucosinolate o AuieA ejol= FFol 710€ A
o8 AlREY, A AR EFE2 O E AT 5559
Hgf 1 ghgo] AHdor ¥ Aow woEch

[¢]

il

[¢]

ok rit

3.4. LC-MS Z[8t 2Fif FOf HIZ[EY [JAIA 24

AT £F 9 RAFR} )0l wet FHed s, §
flavonoid, & QFEAotd, 12|11 7§¥ glucosinolate $FO|
O Zo|7F S & 4 AT ANE E5 2 BH(Fe
F3)o] wE i #H=4 E, flavonoidFF, anthocyanini,
glucosinolate™ 5 HI&3 F8 F-& SRIEES Eot 34
SHA| olsfistalA} LC-MS 714t B Sy tiAK 9 b &
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Table 1. Glucosinolates content of different radish cultivar leaves and roots

Parts Cultivars Glucosinolate contents (mmole/100 g dr. wt.)
Glucoraphenin Glucobrassicin Glucoraphasatin Total

Leaves Mubyeongjangsu 1.30+£0.22°) 2.09+0.32° 24.72+2 88° 28.10+2.95°
Sweet baby 1.69+0.07% 5.20+£0.90° 15.19+2.15° 22.08+3.00°
Jungwoonmu 0.66+0.05° 4.1240.61° 36.88+4.14° 41.67+4.73°
Boraking 1.40£0.08" 8.96+0.91° 18.88+0.27% 28.43+1.08°

Roots Mubyeongjangsu 0.13+0.06" Trace 1.08+0.14" 1.2140.08°
Sweet baby 0.09+0.01° Trace 1.04+0.07° 1.1340.06"
Jungwoonmu 0.1140.01° Trace 1.06+0.09° 1.16+0.10°
Boraking 0.06£0.01° Trace 0.76+0.06" 0.82:0.06"

UDifferent letters in the same columns of different radish cultivar roots and leaves indicate significant differences (p<0.05). Values represent meantSD

(n=3).
AESE AASFAT

3.4.1. 24

AT 3EFeL AR 159] 7S & UPLC-ESI
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2), LC-MS TIC chromatogramo4] 40&9] 8 tjAgEo]
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acid, caffeic acid, 18] sinapinic acid 5= 7|& FX& 35}
+ phenylpropanoic acid f-EA|E°], naringin®} quercetin,
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2020; Lin 5, 2011; Zhu 5, 2015)°|4 231 E H} Q= F9
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7207 oAAL}. E35] HEFJoE glucobrassicind} caffeoyl
glucosideF7t, AL EH|o]H]Q} A -FLoll= apigenin, quercetin,
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Table 2. MS results of metabolites identified in different cultivar radish leaves

No. tr Fragment ions (m/z) Molecular  Molecular Predicted compounds

Positive Negative weight formula
Ll 6.92 365.08 ([M+Na]") 341.08 ([M-H]) 342 Ci5sHis09 Caffeoyl glucose
L2 7.20 420.04 ([M+H]"), 362.07 418.03 ([M-H]) 419 C12H21NO,S; Glucoraphasatin
L3 727 365.08 ([M+Na]") 341.08 ([M-HJ) 342 Ci5H309 Caffe oyl glucose isomer 1
L4 7.27 420.04 ([M+H]"), 362.07 418.03 ([M-H]) 419 C12H21NOoS; Glucoraphasatin
LS 7.42 391.09, 362.07 447.05 ([M-HY]) 448 Ci6H20N209S;  Glucobrassicin
L6 7.51 391.09, 362.07 447.05 ([M-H]) 448 Ci6H20N209S,  Glucobrassicin isomer 1
L7 8.59 379.10 ([M+Na]") 355.10 ([M-H]) 356 Ci6H2009 Feruloyl glucose
L8 9.01 379.10 ([M+Na]" 355.10 ([M-H]) 356 Ci6H2009 Feruloyl glucose isomer 1
L9 9.32 409.18 ([M+Na]") 431.19 ([M-H]) 388 CisH2509 Hydroxyjasmonic acid-glucoside
L10 9.75 409.18 ([M+Na]") 431.19 (IM-H]) 388 CisH2309 Hydroxyjasmonic acid-galactoside
L11 11.09  611.16 ((M+H]" 609.14 ([M-H]) 610 C7H30016 Quercetin-O-rhamnosylglucoside
L12 11.60  611.16 ((M+H]") 609.14 ([M-H]) 610 C27H30046 Quercetin-O-rhamnosylgalactoside
L13 11.80  611.16 ([M+H]") 609.14 ([M-H]) 610 C27H30046 Quercetin-O-rhamnosylglucoside isomer 1
L14 1233 581.15 ([M+H]") 579.13 ([M-H]) 580 Cy7H3,014 Naringin
L15 1233 611.16 ([M+H]) 609.14 ([M-H]) 610 C7H30016 Quercetin-O-rhamnosylgalactoside isomer 1
L16 1262  595.16 ([M+H]") 593.14 ([M-HJ) 594 Cy7H300;5 Luteolin-O-rhamnosylglucoside
L17 12.62  617.14 ([M+H]") 661.13 ([M-H+FA]) 616 CyoH23015 Dicaffeoyl-succinoyl-quinic acid
L18 1330 595.16 ([M+H]") 593.14 ([M-HJ) 594 Cy7H300;5 Luteolin-O-rhamnosylglucoside isomer 1
L19 13.30  617.14 ((M+H]) 661.13 ([M-H+FA]) 616 CyH50;5 Dicaffeoyl-succinoyl-quinic acid isomer 1
L20 13.58  595.16 ([M+H]") 593.14 ([M-HJ) 594 Cy7H300:5 Luteolin-O-rhamnosylglucoside isomer 2
L21 13.58  617.14 ([M+H]) 661.13 ([M-H+FA]) 616 Cy9H50:5 Dicaffeoyl-succinoyl-quinic acid isomer 2
L22 13.58  565.15 ([M+H]") 563.13 ([M-HJ) 564 Ca6H25014 Apigenin-apiosylglucoside
L23 13.65 - 539.14 ([M-HJ) 540 Ca4H23014 Syringyl-glucopyranose
L24 13.65  595.16 ([M+H]) 593.14 ([M-H]) 594 Cy7H300;5 Luteolin-O-rhamnosylglucoside isomer 3
L25 13.65  617.14 (IM+H]") 661.13 ([M-H+FA]) 616 CyH50;5 Dicaffeoyl-succinoyl-quinic acid isomer 3
L26 13.65  565.15 ([M+H]") 563.13 ([M-HJ) 564 Ca6H29014 Apigenin-apiosylglucoside isomer 1
L27 1423 595.16 ([M+H]" 593.14 ([M-HJ) 594 Cy7H3005 Luteolin-O-rhamnosylglucoside isomer 4
L28 1423 617.14 (IM+H]) 661.13 ([M-H+FA]) 616 Cy9H50;5 Dicaffeoyl-succinoyl-quinic acid isomer 4
L29 1423 565.15 ((M+H]) 563.13 ([M-HJ) 564 Cy6H29014 Apigenin-apiosylglucoside isomer 2
L30 14.29 595.16 ([M+H]") 593.14 ([M-H]) 594 Cy7H30015 Luteolin-O-rhamnosylglucoside isomer 5
L31 1429  617.14 ([M+H]) 661.13 ([M-H+FA]) 616 CyHp5015 Dicaffeoyl-succinoyl-quinic acid isomer 5
L32 1429  565.15 ([M+H]") 563.13 ([M-HJ) 564 Ca6H29014 Apigenin-apiosylglucoside isomer 3
L33 14.55 - 539.14 ([M-HY) 540 Ca4H201, Syringyl-glucopyranose isomer 1
L34 14.55  595.16 (IM+H]") 593.14 ([M-HJ) 594 Cy7H300;5 Luteolin-O-rhamnosylglucoside isomer 6
L35 16.19  579.17 ([M+H]") 577.15 ([M-H]) 578 C7H30014 Lespedin
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(continued)
No. tr Fragment ions (m/z) Molecular  Molecular Predicted compounds
weight formula
Positive Negative
L36 16.77  579.17 (IM+H]") 577.15 ([M-H]) 578 Cy7H30014 Lespedin isomer 1
L37 29.18  671.32 ([M+Na]") 693.33 ([M-H+FA]) 648 C31Hs2014 Decanoyl-isobutanoyl-(methylbutenoyl)sucrose
L38 30.78  509.27 ([M+Na]") 531.28 ([M-H+FA]) 486 CysHanO9 Monogalactosylmonoacylglycerols (MGMG) 16:3
L39 31.19 50927 ([M+Na]") 531.28 ([M-H+FA]) 486 C,5H109 MGMG 16:3 isomer 1
L40 3126 699.37 ([IM+Na]") 721.37 ([M-H+FAY), 676 C33Hs6014 Digalactosyldiacylglycerol (DGMG) 18:3
675.36 ([M-H])
L41 33.10  537.30 ([M+Na]") 559.31 ([M-H+FA]) 514 Ca7H4609 MGMG 18:3
(A) (B) olL33
O Boraking
Jungwoonmu
© el
R {EU
Sweet baby
< ® A olLll
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o © o~ olLl4
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PC 1 (59.5%)
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Fig. 3. Principal component analysis (PCA) score plot (A) and loading plot (B) of different radish cultivar leaves (cv. Mubyeongjangsu,
cv. Sweet baby, cv. Jeonwoonmu, and cv. Boraking). L1-L41 are metabolite number presented in Table 2.
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Table 3. MS results of metabolites identified in different cultivar radish root

No. Fragment ions (m/z) Molecular Molecular Predicted compounds
Positive Negative weight formula

R1 6.56  251.15 (IM+H]), 121 249.13 ([M-HY]) 251 C2HisN4O; Agmatine derivative

R2 6.70  205.09 ([M+H]"), 188 203.98 ([M-HY]) 204 C1Hi2N0, Tryptophan

R3 6.70  323.07 ([M+Na]") 299.07 (IM-H]), 137.02 300 Ci3H;60s Hydroxybenzoic acid-glucoside

R4 6.77 251.15 ([M+H]+), 121 249.13 (IM-H]) 251 C12HsN4O, Agmatine derivative isomer 1

R5 6.89  205.09 ([M+H]"), 188 203.98 ([M-HJ]) 204 C1iHi2N>O, Tryptophan

R6 6.92  298.09 (M+H]"), 136 296.08 ([M-HJ) 297 CiiHi2Ns05S - Methythioadenosine

R7 6.98 114.03, 132.04 420.04 ([M-H]) 421 C12H23NOoS;  Glucoerucin

R8 7.08  358.10, 380.08 436.04 ([M-H]) 437 C12H23NO¢S;  Glucoraphanin

R9 713 420.04 ((M+H]), 362.07  418.03 ([M-H]) 419 C12H21NOoS;  Glucoraphasatin

RIO 723  420.04 ((M+H]"), 362.07  418.03 ([M-H]) 419 Ci2H2INOoS;  Glucoraphasatin isomer 1

R11 735 391.09, 362.07 447.05 (IM-H]) 448 Ci6H20N200S;  Glucobrassicin

RI12 745 365.12 ([M+Na]") 387.12 ([M-H+FAYJ), 342 CisHis Og Caffeic acid-glucose

341.12 ([M-HT)
RI13  7.50 391.09, 362.07 447.05 (IM-H]) 448 Ci6H20N200S,  Glucobrassicin isomer 1
R14 7.66 365.12 ([M+Na]") 387.12 ([M-H+FAJ), 342 CisHis O Caffeoyl glucose isomer 1
341.12 ([M-H])

R15 8.01 349.09 ([M+Na]+) 325.09 ([M-HJ), 145.02 326 CisHis Og Coumaroyl glucoside

R16 8.83 379.10 ([M+Na]+) 355.10 ([M-H]) 356 CigHao Oo Feruloyl glucose

R17  9.00 379.10 ([M+Na]+) 355.10 ([M-HY) 356 CigHao O9 Feruloyl glucose isomer 1

RI8 9.10 421.11, 399.13 477.06 ([M-H]) 478 Ci7H22N>040S,  Neoglucobrassicin

R19 924 160.07 ((M+H]") 158.95 ([M-H]) 159 CioHyNO Indole acetaldehyde

R20 924 391.09, 362.07 447.05 ([M-H]) 448 Ci6H20N200S;  Glucobrassicin isomer 2

R21 1130 937.26 (IM+H]) 935.24 ([M-H]) 936 CiHus004 Kaempferol-coumaroyltriglucoside

R22 1130 176.02 ([M+H]") 174.95 (IM-H]) 175 CsHyNOS, Raphanin

R23  11.67 937.26 (IM+H]") 935.24 ([M-H]) 936 CaoHagOn4 Kaempferol-coumaroyltriglucoside isomer 1

R24 1222 989.25 ([M+Na]") 965.25 ([M-H]") 966 Cy3Hs0025 Kaempferol-feruloyltriglucoside

R25 12.52 989.25 ([M+Na]") 965.25 ([M-H]) 966 Cy3Hs0025 Kaempferol-feruloyltriglucoside isomer 1

R26  13.71 1207.36 ([M+Na]") 1,183.30 ([M-HJ) 1,184 CssHgoOx9 Kaempferol-disinapoyltriglucoside

R27 1418 100125 ([M+Na]") 977.25 ([M-H]") 978 CasHs002s Kaempferol-sinapoylsophoroside-glucoside

R28 1418 100529 (IM]") - 1,005 C45Ha9On4 Cyanidin-3-O-coumaroylsophoroside-5-O-mal
onylglucoside

R29  14.18 1021.24 (IM]) - 1,021 C45Ha9027 Cyanidin-3-O-caffeoylsophoroside-5-O-malon
ylglucoside

R30 1449 1001.25 ([M+Na]") 977.25 ([M-H]) 978 C44H50025 Kaempferol-sinapoylsophoroside-glucoside

R31 14.49 100529 (IM]) - 1,005 C45H49026 Cyanidin-3-O-coumaroylsophoroside-5-O-mal
onylglucoside isomer 1

R32 1449 1021.24 (IM]) - 1,021 C45Hi9027 Cyanidin-3-O-caffeoylsophoroside-5-O-malon

ylglucoside isomer 1
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(continued)
No. Fragment ions (m/z) Molecular Molecular Predicted compounds
weight formula
Positive Negative

R33  14.94 94926 (IM]) 949 Cy3Hs9024 Cyanidin
3-xylosylsinapoylglucoside-5-O-galactoside

R34 1494 1021.24 ((M]") - 1021 C45Hi9027 Cyanidin-3-O-caffeoylsophoroside-5-O-malon
ylglucoside isomer 2

R35 1494 103526 (IM]) - 1035 Ca6Hs1027 Cyanidin-3-O-feruloylsophoroside-5-O-malony
Iglucoside

R36 16.60 543.19 ([M+Na]") 565.20 ([M-H+FAJ), 520 Ca6H301, Matairesinoside

519.20 ([M-HJ)

R37 16.60 1197.31 ((M]) - 1197 Cs,Hg1 032 Cyanidin-3-O-feruloylsophoroside-5-O-malony
Idiglucoside

R38 17.32 1359.34 (IM]") - 1359 C61He70s5 Cyanidin-3-O-caffeoylsophoroside-5-O-malon
yldiglucoside

R39 17.72 1035.26 (IM]") - 1035 Ca6Hs1027 Cyanidin-3-O-feruloylsophoroside-5-O-malony
Iglucoside isomer 1

R40  19.60 1343.35 (IM]") - 1343 Ce1He7034 Cyanidin-3-O-coumaroylferuloylsophoroside-5
-O-malonylsophoroside

R41  19.60 1181.30 ([M]) - 1181 CssHs7059 Cyanidin-3-O-coumaroylferuloylsophoroside-5
-O-malonylglucoside

R42  19.80 1373.36 (IM]") - 1373 CerHgoO35 Cyanidin-3-O-coumaroylsinapoylsophoroside
5-O-malonylsophoroside

R43 2043 1181.29 (M+H]Y), - 1181 Cs5Hs57009 Cyanidin-3-0O-coumaroylcaffeoylsophoroside-5
-O-succinoylglucoside

R44  20.58 1211.30 ([M]) - 1211 CsHso030 Cyanidin-3-O-diferuloylglucoside-5-O-malonyl
glucoside

R45 2548 351.24 ([M+Na]") 327.21 ([M-HY]) 328 CigH3,05 9,12,13-Trihydroxy-10,15-octadecadienoic acid

R46 2639 353.23 ([M+Na]") 329.23 ([M-H]) 330 CisH3405 9,12,13-Trihydroxy-10-octadecenoic acid

R47 3126 699.37 ([M+Na]") 721.37 ([M-H+FAYJ), 676 C33Hs6014 Digalactosyldiacylglycerol (DGMG) 18:3

675.36 ([M-H))

R48  36.72 353.26 ((M+H]), 261.22 - 352 C21H37,04 Monolinolenin

o2 2 IFYUS PCA loading plotof Al &l 4= e = & M &F 9 a5 A5l et Bef AAZRJ] d++7F

o, 485 EFo] vt A AASS Y £ ofgol ¥ aTEC

ZE UTHFig. 4B). A F-O] FHEA sk o
}2F2- cyanidin glycosideF2} kaempferol glycoside®7} 2A|
I AR RS AT FFA Hetye A9
H| 9} 25 of =2 Z anthocyanin & YEHY HaH]
£ O AAEO] H|F]| cyanidin glycoside S Tty T 1’4’%
okﬁ-o 1 = Ao mwerEch AnthocyaninfF= FANS &
0 99, o7 B33 22 T gAR e U
o 1 724 Aold] whet tharky BuHw
%E}(Goyeneche 5, 2015; Liu 5, 2021; Noman 5, 2021).
I3y, AR $3-H anthocyanint 9] TfFE2 LC-MS
2AS BT FHTRVE ANGHT ol 1T IR TR

_4
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Fig. 4. Principal component analysis (PCA) score plot (A) and loading plot (B) of different radish cultivar roots (cv. Mubyeongjangsu,
cv. Sweet baby, cv. Jeonwoonmu, and cv. Boraking). R1-R48 are metabolite number presented in Table 3.
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& v} 9]0 ™(Goyeneche 5, 2015), o|= & A+ A1} GA}
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Sk B AR F9 4] 48 FRESE vl
FALS} Ajo] 2451tk & LAl anthocyaninFS 3H5-351
1 9lom, o] e FAof Hlsf Fof thd EAstL et
(Kim 5, 2021). & @A = AT FAJ3} F7} wil i Ko
I3 ABTS' radical &7 €447 dgkdgo] o =4 Yehd
Ao g Hot HEA 38hE, flavonoid:, 12|11 glucosinolate
22 u33 A} BFES0] T 2A6AY o] F FAlst
/g0l Bolol= AFEEY] 2 Tl 7103 Ao E oA
Aok §35] 7o A9 AT FFo| wet Ak 4o tha
Apol7b Qlont iRl WAR] Hs) =2 A4S UEY
anthocyanintT= 71 4o A 7|3k A= A HTt

4. 9
ol A AEiE L s AT 3EFF(ALE HolH], H&
5, 223 Bep)oll thd & LC-MS A #4553l 4
B34 42 Dot AT YL HTstt AUT B
He o utel Fuksy SHE, F flavonoid, Telw
glucosinolate FHFo] AH o2 =£9kom, o|& g %‘%‘ L
F-9lo] wet thar 2ol & UErth. AR 5 EEF" 2 ohE
FSESNE Hojulet Fol vls] FolA =& anthocyanm
o]t LC-QToF-ESI-MSE o83 thARA] &4 AAIRE
23}, FHol= coumaric acid FEA|S} flavonoid glycoside
27F, 181 FoJAE cyanidin glycoside®2} kaempferol
glycosideF7} 9 SIFER 5AHIoH, 1 /| AAE
o] gleko ZME EZo| ula} x}o]ﬂ- 9= Aoz P}
AR BHL To| ula] £ ABTS' radical A7 T4 @
Baggolsion, 1 F550] T A% B4 0 1 94
SR gt viad AR et Qo & a7 2
SHEE FPl 51 ST AARE) e ol
Stot] §8% 712 422 B8 |, EE, R
SAm G 4950 2R A4 e 2L T A
FaA2 2o 7|
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