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Abstract

BACKGROUND: This study focused on the contents of
flavonoid compounds in vegetables. Generally vegetables
have contributed to a healthy diet, arisen from contains a
large amount of fiber and functional ingredients. And
flavonoid compounds are one of major functional
components in the vegetables. currently research of
flavonoid contents does not enough, specially in the part of
homegrown vegetable.

METHODS AND RESULTS: Vegetable samples were
purchased in domestic market. Sample extraction by
methanol, distilled water, and formic acid based solvent.
Also same solvent used for mobile phase in UPLC. Eleven
types of flavonoid compounds were analyzed with same
kind of external standard and one kind of internal standard
(galangin) for quantification. Standard calibration curve
presented linearity with the correlation coefficient R >
0.98, analysed from 1 to 50 ppm concentration. The
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quantitative value and multivariate analysis results were
derived from the Excel and SIMCA-P11.

Overall, onion has largest amount(916.5 mg/100 g) of
flavonoid and also other vegetables have has significant
amount[Mugwort: 138.8, Galic stem:123.6 mg/100 g etc.]
of flavonoid compounds. Edible portion of vegetables per
share for simulating by SIMCA-P11, root vegetables has
had difference with other vegetables according to
distributions and amounts of flavonoid compounds.
CONCLUSION: Optionally, the results from this
experiment can use to select the material for flavonoid
researches. And based on these results, if this experiment
will be continuously complemented, and performed, could
used in various fields.
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W A 31.4%%, A7l tist 5714 #ilo] N&aor A slekEol tish Hojeho|AE F2] ARE Q&3] 1|1

Folgn wE, ASHoE J5T AU P AF Qe Aol

% 53] dd Do) niFo] A4 ErREe dAE s AT Al AFE FE AAFY EeteolE AR &

Anfi QAR Qe vig o] Tk /15 B Bebks, Sehwis v Behilked] UE REALE Sl

o] g o] gl o] F EgpRolE AY HES 7] Fidoly, o] el AFAES] $F 72 A *d”é 5

w407 nlemlcet 2 et sl a7 Anna et al, 9] 7|x AmEA FgHolE AT I Ao TR0l

2011; Zuo et a[, 2012; Kamel et al, 2014)Z 18] 1] w32; 3.

o BAH )5 g ARoln, dzslolny o) W

(Onozuka et al, 2008; Nones et al, 2010; Mori et al, = L dhH

2012)3} &taIH(Mercader ef al, 2013; Puoci et al,
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A3l AHE-¥l FFF, acetonitrile, ethanol, hydrogen
chloride ¥ methanol<- Fisher Scientific(USA)<, formic
acidi= Junsei(Japan) S AH-319]0H, ﬂﬂ’\] AP &
3l tertbutylhydroquinone (TBHQ), &-s 3l &4
EFFOE epigallocatechin, catechin, epicatechin, rutin,
myricetin, quercetin, kaempferol, isorhamnetin, eriodictyol,
hesperetin, naringenin, W% 9% galangin(Sigma,

USA)& AH-sH3lth

A2

L T2 ke Ut Aaw F 42 FE AR
siglem, £ Algel ARE A 29| 552 Table 14 2.
AR Fd0x F 3 28 §90aL 80T od FED
A A Haskin

Table 1. The composition and content of flavonoids in 42 vegetables by edible portion (mg /100 g dry weight)

Edible Flavanols Flavonols Flavanones
Samples - - TEC?
portion” | EGC» Cat EC | Rut Myr Quer Kaemp Isor | Erid Narg Hesp

Perilla leaf L NDY ND ND| ND 69 52 ND ND| ND ND ND| 121
Pigweed L ND ND ND| ND ND ND ND 437| ND ND ND | 437
Chinese cabbage L ND ND ND| ND ND ND ND ND| ND ND ND| 00
Cabbage(red) L ND ND ND| ND 136 ND ND ND | ND ND ND| 136
Kale(from green house) L ND ND ND| ND 118 22 ND ND | ND ND ND | 14.0
Kale L ND ND ND| ND 85 33 ND ND | ND ND ND | 118
Chives L ND ND ND| ND ND 27 ND 243 | ND 17 31 | 318
Sweet potato L ND ND ND| 02 ND ND 2.1 ND | ND ND ND | 23
Brussels sprouts L ND ND ND| ND 68 ND 2.7 113 | ND 07 ND| 215
mustard leaf(red) L ND ND ND| 16 605 ND ND ND| ND ND ND| 620
Chili leaf L 188 60 ND| ND ND ND ND ND| 92 ND ND | 340
Japanese royal fern S ND ND 878 ND 67 ND 182 38 | ND ND 492 165.7
Aralia elater S ND 34 ND| 380 89 ND ND 342 | ND ND ND | 845
Chinese Cedrela S ND ND ND| ND 366 250 325 177 | ND ND ND | 1118
Garlic S ND 28 ND| ND 323 221 ND ND | 664 ND ND | 1236
Asparagus S ND 11 ND| ND ND 37 0.9 ND | ND ND ND| 57
Wormwood S 275 47 87| 02 311 ND ND 232|126 ND ND | 108.0
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Table 1. Be continued

Samples Edi.blel Flavanols Flavonols . Flavanones TR
portion’ | EGC® Cat EC | Rut Myr Quer Kaemp Isor | Erid Narg Hesp

Onion S ND ND ND| ND 939 8226 ND ND | ND ND ND| 9165
Chinese mustard S ND 41 07| ND 1012 ND ND 61 | ND ND ND | 1121
Sweet potato S ND ND ND| ND ND ND ND ND|ND ND ND| 00
Broccoli S ND ND ND| ND ND ND ND 31| ND ND ND| 31
Onion(purple) S ND ND ND| ND 3212 315 ND 43 | ND ND ND | 357.0
Mugwort S 86 37 137 ND 45 ND ND 159|924 ND ND | 1388
Young radish R ND ND ND| ND ND 46 ND ND|ND ND ND| 46
Lotus root R ND ND 03| ND ND ND ND ND|ND ND ND| 03
Burdock R ND ND 37| ND 227 ND ND ND | ND ND ND| 264
Carrot R ND ND 34| 25 ND ND ND ND|ND ND ND| 59
Kohlrabi R ND ND ND| ND ND ND 68 ND|ND ND ND| 68
Hooker chives R ND ND ND| ND 554 ND ND 448| ND ND ND | 100.2
Taro R ND ND 12| ND ND ND ND ND|ND ND ND| 12
Eggplant F ND ND 01| ND ND ND 17 ND|ND ND ND| 18
chili(red) F ND ND ND| ND 75 ND ND ND|ND ND ND| 75
Cucumber F ND ND 78| ND ND ND ND ND|ND ND ND| 78
Tomato F ND ND ND| ND ND ND ND ND|ND ND ND| 00
Sweet Pumpkin F ND ND ND| ND ND ND ND ND|ND ND ND| 00
Spaghetti squash F 43 04 10| ND ND ND ND ND|ND ND ND| 57
sweet potato(purple) F ND ND ND| ND ND ND ND ND|ND ND ND| 00
Paprika(yellow) F ND ND ND| ND ND ND ND ND|ND ND ND| 00
Paprika(red) F ND ND 50| 01 ND ND 52 ND|ND ND ND| 103
Paprika(orange colored) F ND ND ND| ND ND ND 4.8 ND | ND ND ND| 48
Pimang(red) F ND ND 23| ND ND ND 43 ND|ND ND ND| 66
Pimang(green) F ND ND ND| ND ND 22 57 ND | ND ND ND| 79

) Edible portion : L, leaf; S, stem; R, root; F, fruit.

2 TFC, Total flavonoid content (flavanols+flavonols+flavanones).

3 Abbreviations :

EGC, epigallocatechin; Cat, catechin; EC, epicatechin; Rut, rutin; Myr, myricetin; Quer, quercetin;

Kaemp, kaempferol; Isor, isorhamnetin; Erid, eriodictyol; Narg, naringenin; Hesp, Hesperetin.

49 ND, not detected.

E2lcH0IE 5

A2 WS Rosa(Rosa et al, 2010)2] WS S-83}
Aok FELuEE 2%9 TBHQ7} ¥34¥ MeOH: H,O:
formic acid (50:45:5 = v/v/v) TZ-§NES ARSI 2+
AN ETAIR 0.5 g& 50 ml cornical tube®] ol F
Z4v 38 ml 2 YHFEFEA galangin(1000 ppm) 2 ml
5 9k 3087 220 FEFDWT-100, tdxS37]
71, Korea), 204 X&71(ZHWY-3122B, ZHICHENG,
China)E ©]-g3o] 4A17Hs<F 150 rppm 0.2 NFISITE. ©]
T 23%2)(3500 rpm, 4°C, 10 min)3t oy, AFAE
sto] 0.22 m PVDF syringe filter(illex-GV, Millipore,
USA)E o83t oAzl & 717] 5211 2714 -80°C oA

Aenz ik

727 & 2AM
ZER 0| A% 4SS 93] tunable UV detectors

225t Ultra Performance Liquid Chromatography :
UPLC(Waters, USA)E AH8-3F3it. Acquity UPLC BEH
C18 (2.1 x 150 mm, id., 1.7 /m, Waters, USA) A4S
AMEEE o, olgAo R £ A(1% formic acid in
water) & €1 B(0.1% formic acid in acetonitrile)& At
£33tk F452 05 nl/min® 2 AASA THFoH,
7%2] BE= AFEt] 28714 12%, 5574 17% 2% &
THIZL 3 108714 17%5 A 18 128744
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Fig. 1. Ultra Performance Liquid Chromatography (UPLC) UPLC chromatogram standards of flavanols, flavonols and
flavanones. Abbreviations : EGC, epigallocatechin; Cat, catechin; EC, epicatechin; Rut, rutin; Myr, myricetin; Quer,
quercetin; Kaemp, kaempferol; Isor, isorhamnetin; Erid, eriodictyol; Narg, naringenin; Hesp, Hesperetin; Gal,

galangin(Internal standard).

25%% 72 T 1757 25%5 FA18H 0, o]ofA
19874 50%= F7HAZ 5, 243744 50%%5 +A5k3Ach
CThA] 23 FQF 7%2 HEoke & 211t eHPSAIALE B
o AMEE UVEES vl 259 nmolil, AlEFda 1
pl o= SIGIth Ao ARER e 9 R EEELS] A
EnlE IS Fig. 13 2th

g A S

AlE W EehRco| B o Bl Ul s A ARgs)
o] sloltt. R EFEA 115 44 1, 5, 10, 20 ppm9)
S WAR Axsld HEE HAE VleoR A9 =
Zoll AREHSIT W EFEAS galangins 1000 ppmOF
Azt §, 24 Al HF F571 50 ppme] HES Stk A
o & AskE 22k B 913l RF(Response factor, RF)%F
= 7eto] ofgfe} e ok ARkAe] A8siitt.

AlEd P EeR o)t 3K mg/100 g dry weight)
= (Y=aX+b)xREx A&l Al 55%/1000
Y: ppm (#g/ml), X: peak area (counts)

e 34 £42 BE A5 SRt 4 2 A4
F JH delHE wEeR Y, %FEs §, SIMCA-P
11.0 software(Umetrics, Umea, Sweden)?] -3 x5
i (Partial least squares of discriminant analysis:
PLS-DA) 555 &8l Se1F w41 8ISl Epigallocatechin
9] 10709 Zekreol= i SHEd) vkE Y AR
5t W X, Y dEHsRE ARESlaL AlRS] T8

7R fraell wet vl 7S, €70, e 9 )R W
o] TIia(class) 2SS

Zo Y oy

a
K

SHEL0|E ¥ 2%

42 AaFro] H-918 EepilksTiepigallocatechin, catechin,
epicatechin), S2H=35F(rutin, myricetin, quercetin, kaempferol,
isorhamnetin) % E¢Pk=T(eriodictyol, naringenin,
hesperetin) 9] I8 ¢%F 9 T2 Table 13 2t} & &
ot o] 7ME w2 Are durA A=A"
(quercetin, 822.6 mg/100 g)= T/ L= sto] 916.5 mg
/100 gl Wb, wis, ywlET), EvlER, Gt 9 e
Bz SetReol = skgHEo] 79 HEHA okttt o]
2& A3= Chun “5(2008)°] HiFellA v]7H0.06 mg/100
)2 Tt ol Slvkal Bugh Avkel A9 A
o7} lalck HE3 Lugasi and Hovari(2002)7F H}of|A
EEpReolE glgHEo] Qlokar whardt Aol vl el
ki, Se5Ek 57 mg/100 g SehibEr SEES
3kl 9o, Jeng(2009)°] AAet Avpehs tha thEA
Ueltth Alaf Ul F Zehhico|= e X Fig 29
Ay e AR R H9lE 0.0916.5 mg/100 g ol
], 200 mg/100 g "W7HAE T EEERIth

Zejtss sele
Zephs i dEAoE A v v Saule) ol
Ao ekxl sEolt. ol s



Content and Distribution of Flavanols, Flavonols and Flavanones on The Common Vegetables in Korea 209

7FelZ)(epicatechin) %! ]3] 22 7}¥]7](epigallocatechin)
S BAselon, aHuE 5 1259 AlsedA] ER1H o9
7S FHEI7) e o2 T 71| niste] dRkgo s
Wb Wgks W opel 53] 11H[uHE(87.8 mg/100 g)<>
7P w2 olurheRl e ek el pEAE
& RSk e AR doR FHEE, C9lTtER 9 o
HZ=27H712 247} 0.4-6.0, 0.1-87.8, 4.3-27.5 ng /100 g2
ek I = JePtHTable 1). Zehibs 318HEe F2 3
AFolA 2 NER WA, £ ATelxs AafFel=
ol wet dAFe] EFehhe Rl dikee] Bxstal e
sRelaiity. 53] AbdZ: g9l 1139 a3 771409 9l 24.8
mg/100 g o= ds] ¥ | ZephERvh $HrE ol
ATt 42 A = A7 5 Choi 5(2004)0] HiLgh &
o] & ZehRwol= deK0.18-0.61 mg/100 g)h= 23ton,
Kim#} Lee(1998)°] ®.a1st 74715 %3eK11-14 mg/100
g) = H|=E FEolginh

o X

k4
=
3T

A ol e 238 SetRshe SehleR 2 &5
H| 2 a5 BEsgl o, Feb e Ul
WS el Qe AlERE tFo R FH¥l(rutin), =
Al (myricetin), AZAY, 77 E(kaempferol) ¥ o|1%
Ygl(isorhamnetin)> Z}2} 0.1-38.0, 4.5-321.2, 2.2-822.6,
0.9-32.5, 3.1-44.8 mg/100 g2] ¥ 2L E VeIt Table
1). °oI& & "|EARC] A8 5 17F2] thFet AlselA &
A TE 53] wiFae] A4 dnhiiFelxs EetEeo|=
slgtEo] de glEA| ggkon), Aol s 13.6 mg
/100 g8 w]=AErto] RIFGIT) of= w5 2 Y52
T ErhHico|E ghebo] 717} 533 W 595 mg/100 g hal
Hgt Hwang 5(2012)9] A#el= Apol7h gich st
=Ulab HEE] A9 2% AlE F 38.0 mg/100 gO =
P w2 FE S JERleH, ol WY #F 9 AE
ol Bag ok 11-35 mg/100 g Hrbe =2 da-s Ueh)
T Ao® #RIFGItKKitabayashi et al, 1995; Kreft et

61.9%

20

No. of species
3

5

21.4%

5 9.5%

. 2.4% 2.4% 24%
0 I I I

<20 20-40 40-60 60-80 80-100 100=<
Total flavonoids content(mg/100g, dry weight)

Fig. 2. Number of species (expressed as % among 42
samples tested) based on the total flavonoid content
levels. Distribution (%) of total flavonoid content of 42
vegetable samples.

al, 2006). Uo7 Zetris g7} TR 2Fow &
7 s 2 AT 2F ArdME 7MY we SRS
LRt &bl oF 350 mg/100 g iele] A=ARe] 3
FHo Aok dHA d=H(Crozier ef al, 1997; Miean
and Mohamed 2000, Tokusoglu et al, 2003), = A=l
A Uit dnkekake] A9 FZAEo] 800 mg/100 g o
FHi7E AA ERlEloH, Apekuke] g o]rrt 4l A
< %<l 31.5 mg/100 gol ER1=|qUk o]l Rh = 2pAoFs}
o] A 53] w=A" 3kFo] 321.2 mg/100 go&, AN
gtell A 2elE 93.9 mg/100 g Rk oF 3ul] o]do] =2 3
< YEMISlE ol &3 Akl Y AEAE 2 nEAE
FEAS AR ZAZ, A5 Y T EAR] & Suhi
ol gl BS U dA Ayt Hed Zlo& A}
T olglelx F EetnE ko] Qlo] JulnkE FH-s)
A kot AR, 2 9 A= oAl 4H2F 1002, 107.3
2 111.8 mg/100 go] o= Holar Qlo] ¢fde| Zehw
B o] E £ g Aow wdHgit) ofAnlEA A9
B2 ZehksTt §8F2 Seema 5(2011)2] AFE.9} ]
i Al oF 21 mg/100 g2} 10 mg/100 g wele] ko] AL
H Seema 5(2011)9] AFel= g # Auori= oAy}
220l 4.6 mg/100 gol, BE A 3.1 mg/100 g
o] AEH 0] H|5z8t Folghal B 4= glont AFAHQ A}
o= A8t

Eilk=a 2RE

Aol FE HdEE Seahee e & AP Al
Bolld 7P e BEE UERiglon, F 2350 A
< 8%°lA AE HAltE ZehheAl AE4Q] 7-methoxy-5,
3’, 4'-trihydroxy-flavanone (Abu-Niaaj et al,1993)% 7,
4’-di-O-methy-eriodictyol = 3’-O-beta-d-glucuronide
(Boumendjel et al, 2009) 52| ¢ T2 oA 9
ool gt <AAglarova et al, 2008; Abdalla and
Abdullazim, 20107} A&A 0z FHLNAE 59 ¢
92.4 mg/100 g2 2] LHE]&(eriodictyol)o] AEHAL,
tHEE7]AE 664 mg/100 go clEleHEEc] HE
(Table 1)=|9itt. Zehilas Aol A&d bt Qe st
WS AR sk aAbelE ] aHuES A
ofu|Abe] Fheko] 4438.37 mg/100 gO & WAIF(FOIH
Aol vlsl o 15% o AF =] $5/do] Hi(Mou
and Qi, 1995)¥1} glom, ouj71e|7] ¥t ofye}, Zehat
=] #|2 | H ¥ (hesperetin, 49.2 g/100 g) =3 o 7
=530tk

Chizpm

AR 289 Alade QAT 115, AT 125, A
7 7% 223l AT 1250 TR VIS0 il
(PLS-DAY: Partial least squares Discriminant Analysis,
Simca-P11)t A%+ Fig. 3% 2t A Fsl 2AlFe &
8 SEhErols 39hE Y] i, O 9 e wE



210

SHIN et al.

-5 -4 -3 -2 E]

1 2 3 4 5

Fig. 3. Partial least squares discriminant analysis (PLS-DA) for the flavonoid compounds in the edible portions of 42
vegetables (Hll: Leaf type, @: Stem type, @: Root type, *: Fruit type). A Partial least square discriminant analysis
using all detected flavonoid compounds from vegetables. Horizonal axis represents of the first PLS compound, and
the vertical axis, the second one. And the each ellipse does not mean of significant difference.
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