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Abstract

The purpose of this study was to investigate the contents of apigenin and luteolin in vegetables mainly distributed and consumed
in Korea. In this study, the contents of apigenin, apigenin-7-O-glucoside, luteolin, and luteolin-7-O-glucoside in vegetables were
surveyed by using liquid chromatography coupled to mass spectrometry (LC-MS/MS). According to the analysis of 27 items (91
samples) in vegetables, the content of total apigenin (the sum of apigenin and apigenin-7-O-glucoside) was quantified in 8 out of
the 27 items in vegetables, followed by pepper leaves, parsley, celery, chamnamul, foremost mugwort, and perilla leaves. The content
of total luteolin (the sum of luteolin and luteolin-7-O-glucoside) was found in 11 of the 27 items in vegetables, followed by pepper
leaves, dandelion, celery, red lettuce, foremost mugwort, and perilla leaves. Celery was divided into stalks and leaves for comparing
the contents of apigenin and luteolin. Celery showed higher contents of apigenin and luteolin in leaves than in stalks.
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& AR AR 5= AR AFH7 S716HH (Umma 5 2012)2 4]&9] 22} tjAiHEC|t). Flavonoidss=

rhu
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22 4
G, 11 Oaﬂ?j‘, AR = ukAy Zslo] 2435 £ it oo anthocyanidins, flavones, flavonols, flavanones, flavanols, iso-
w2} A7)sE AAgo| gk TA ZE Ao ZQ Ao 7} flavones, proanthocyanidins®} Z-2 EXELS &5, WAl
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apigenin®} luteolin C22} C3 Alo]of o|&ZA3T} C4 Ao
Abas QAHE 7HA 2L Ut Flavonoids= -2 P43 9
A, Frrol 2, e A7} QU3 (Nonaka 5 1990, Ryu BH
1999; Mercader & Pomilio 2013), &=3}o|H 59 & Slof| =
FAA 9l 8317} )= A (Onozuka 5 2008; Nones S 2010;
Mori 5 2012)0.2 X% QIt}. Apigenine TAFS} =
Hol, gt & S a3t g+ - FHkolH A EY(Rhim JY
2003; Wang 5 2019), X|df} i} §-5(Rezai-Zadeh -5 2008)°|
U= A0 E AHA Ut} Luteolin EZF A}, FF 2 3
A5 A, FolAE Z(Rhim JY 2003), A9 oY 2%
(Rezai-Zadeh 5 2008)°] Sli= 228 L&A Urh AL 74
5 o&2 o A E]7} apigenin 9 luteolin®] S 23 YHOZ
1= A A (Lee YE 2005; Meyer 5 2006; Patel -5 2007), °]=
& tares g A7} gol AWHo] STk Meyer 5 2006
Plazoni¢ 5 2009). Z12u}, oA 2 F-&= o] A=
= Aol that apigenin L luteolin THEF A= W] Okt

AEAAA O] FFTHA HE 423 FAHKorea Health Industry
Development Institute 2001)0]] W2, = 3}5 Ho A3F
< Ay, el A &, 1529 9 HAUE 5ol H
W2 AoE HuHY Qo wEhA, 2 AH|EHE Yaw
9] apigenind} luteolin S A7} & Q9E AAo|tt.

H Ao A= AT apigenind} luteolin $HFS LC-MS/
MSE ©o]-&5to] FAFSHo] TedRof SARALR}; AxH[A}of|A| o]
= ool digt 71 2AEE AlFstaAt skt

ERTT

1. A2

AE= 71204 FBEIL Y= AAFAE-57 (Ministry
of Food and Drug Safety 2020) &% 7]&: AF, SEAF,
AAIAF] 27F5(F 917)(Table 1)o]™, F7| =0 U=
FRANE EiAIR ) g -8 dioll A LSk ARESH
S TG ARE BH A7 Wy Basen

2. Al & 7171

2494 FFEZL  apigenin(=>99%), luteolin(=>97%),

apigenin-7-O-glucoside(=>97%), luteolin-7-O-glucoside(=>98%)
Z Supelco(USA)9] A& ARSI EFE-2 methanolo]
&liste] 100~1,000 pg/mLe] EFYPHOE ZA| & &3ts}
o] 10 ng/mLe] &3 FF-EHZ vh50] -20T ofstof A ¥
5 mysiolt. 49X olg Sl4Istel Agelsitt

AA 4 LC-MSMS E4ES A8l methanol(Burdick &
Jackson, USA)Z} formic acid(Wako, Japan)S ARES}HI, %

£4=A| Z7|(Nanopure Diamond UV, Barnstead International,

o

LS - HFE - ol - 28

Table 1. 27 items of vegetables for monitoring

Classification Items

Lettuce(leaf), spinach, perilla
leaves, crown daisy, butterbur,
chwinamul, pepper leaves,

Leafy chamnamul, kale, chinese

vegetables vegetable, chicory(leaves),

(19) parsley, squash leaves, amaranth,
toothed ixeris, dong quai leaf,
foremost mugqwort, dandelion,

Vegetables beach silvertop

Stalk and Chinese chives, water dropwort,
stem celery, bud of aralia elater, wild
vegetables(5)  garlic

Brassica and

leafy
vegetables(3)

Broccoli, cauliflower,
cabbage(head)

Massachusetts, USA)Z AA| (B AT 182 MQ)TF 545 A}
23519k AA A AE7](MMV-1000W, Eyela, Japan)@} %
21}5%7](B8510E-DTH, Branson, USA)YZS ©]-&3}0] &3}
ek DAEE 7] 1236MGR(Gyrozen Co., Korea), 532
A A%B-Z7](TurboVap LV, Caliper Life Science, USAYS A&
SF93tt. Syringe filteri= PTFE(Polytetrafluoroethylene) {2 2]
13 mm, 02 ym7+4S AHESH T

3. AlE ANz

A AAYA &2 HsA &Y SAEA (Lee SG
2013) 9 Ee|o=3) E9tEo|E B4 &0 s A
Y A 5L(Woo 5 2010; Choi 5 2019; Ryu 5 2020)5 Z3ls}o]
APt YA 712 B3 AR 2 go]l 90% methanol(pH
3.00 715k 50 mLE 853t} o]& 300 rpmC. 2 10&
&< A" F=3 th2 10T ofstof| A 108 &9t 229 5
Eoh= IS 39 vHE sholth 11§ IEAHETTIZ 10
= AAE (4,000 pm, 4T)FE F HFHS 5 mL F3F o
AasE7|2 TN AYsSsIdtt 558 AFES %
methanol& 5 mL¥ o] A3}t 0.2 um PTFE(polytetraflu-
orethylene) syringe filter2 oJ3} & LC-MS/MSZ E45}3 T}

4. 717|124

7171248 ¢t LC-MS/MS+= ThermoAl9] Q exactive
focusE AH-&-5F3Tt.

LC B4 27e HYATE Wustel sigow
(Panchal & Shah 2017), AH-2 Capcell Core C18 AH (2.1
mmx150 mmx2.7 ym, Osaka Soda Co., Ltd., Tokyo, Japen)=
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Table 2. LC analytical conditions for the analysis of
apigenin, apigenin-7-O-glucoside, luteolin and luteolin-7-O-

glucoside
Description Conditions
Instrument Q exactive focus

Column Capcell Core C18(2.1 mmx150 mmx2.7 pm)

Flow rate 0.3 mL/min(2 pL Injection)

Temperature 40T

A: 0.1% formic acid in water,

Mobile phase

B: 0.1% formic acid in methanol

Time Gradient
A(%) B(%) Curve
0.0 80 20 5
1.0 80 20 5
45 5 95 5
7.0 5 95 5
7.1 80 20 5
10.0 80 20 5

AR5l o]5AF 8= methanol(0.1% formic acid 7}
T} Z2.25(0.1% formic acid A7HE AFE51] 0.3 mL/min &

0= 10i &%t 2 LA FUSFATHTable 2).

LC-MS/MS9] o]-&35}= HESI(High Electrospray lonization)
HIHS A E519 0 ™, Parallel Reaction Monitoring(PRM) mode
2 A 9 HFEAHG 5Tt Tunedto] apigenin, Luteolin,
apigenin-7-O-glucoside & luteolin-7-O-glucoside®] m/z F}, Z+

) oAl % Telew T 24 235

E49] o] 7S gttt o] 235} §-8-0| negative modeo] 4]
=2 AL 39l T Mass traces TZ 1O F CE(collision
energy) 4, 874 ol 9 HF ol sttt

-

R j=a¥e) =Ne)
7hol= J(él—%el OFEOFH Ay HIEFO 2 EolX], X xa A
A&, T, 3 2 AUGES S Ministry of

Food and Drug Safety 2015)5}%1t}.

2 AFolA ol AP A= 33 WHESHL HekkiE
HAHmeantS D)E UERAOH, §94 HF Microsoft
Excel 2010(Microsoft, USA)S ©|-&5F3tt.

E3'8 v|1 Z3= one way analysis of variance(ANOVA)
£, FHE v A= stestE AP, ARFHp<
0.05)9] Fto2 FA A Fo4dS &RlstAt. LC-MSMS]
BX ZAL Table 37} At

Zar d &

1. A|l2 Hx2|

£ AFollA= APATE oM(Kl
2004; Kim 5 2006) $&HPHO
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Table 3. LC-MS/MS analytical conditions for the analysis of apigenin, apigenin-7-O-glucoside, luteolin, and luteolin-7-

O-glucoside

HESI source Operational conditions
ESI mode Negative
Ion source HESI
Spray voltage 3.79 kV
Capillary temperature 320C
Aux gas heater temperature 320C
Sheath gas flow (Ny) 40 L/min
Aux gas flow (N) 15 L/min
Sweep gas flow (N,) 1 L/min
Compounds CE (eV) Quantification transition (1m/z) Confirmation transition (m/z)
Apigenin 45 269.0456>117.03336 269.0456>151.00262
Apigenin-7-O-glucoside 45 431.0984>268.03769 431.0984>269.04562
Luteolin 45 285.0405>133.0284 285.0405>151.00267
Luteolin-7-O-glucoside 45 447.0933>285.04059 447.0933>284.03284
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3) A= sl & M2 sl
HZ 3HA|(Limit of detection: LOD)= 4] (1)9] 5-4]31} Zo]
AREstith 24 23} A4E A= 0.002~0.003 pg/mLO 2
LFERATH(Table 4). 5 SHA|(Limit of quantification: LOQ)=
2l (9] T4 Lol AEstalon, S REgAS 24 &
9] SEg 45t 53] ulEstel BASMAT 24 4
3 A FA= 0.006~0.011 pg/mLOE LFEFGTHTable 4).

Limit of detection=3.3x0/S @)
Limit of quantitation=10x0/S ?2)

0: The standard deviation of the response

S: The slope of the calibration curve

4) HM&tM(accuracy) & MU M(precision)

AL e 01%3}04 ”;‘7P°}°°“3} Ay &5
1=
[e)

Dot o] g AEE FEEY
o ol 39 08 e
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Fig. 1. LC-MS/MS chromatogram of apigenin, apigenin-7-O-glucoside, luteolin, and luteolin-7-O-glucoside

Table 4. Linearity, LOD(limit of detection), and LOQ(limit of quantitation) results of analytical method for apigenin,

apigenin-7-O-glucoside, luteolin, and luteolin-7-O-glucoside

Compounds Linear range (ug/mL) Regression equation R LOD (ugmL) LOQ (ug/mL)
Apigenin 0.025~1.0 y=10,124,966x+126,480 1.000 0.003 0.011
Apigenin-7-O-glucoside 0.025~1.0 y=8,287,117x+88,970 1.000 0.002 0.006
Luteolin 0.025~1.0 y=3,673,441x-16,351 1.000 0.003 0.010
Luteolin-7-O-glucoside 0.025~1.0 y=4,312,137x-28,646 1.000 0.002 0.006
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Table 5. Recovery and intra-assay precision results of apigenin, apigenin-7-O-glucoside, luteolin, and luteolin-7-O-glucoside

Concentration Celery
Compounds — 5
(ng/mL) Recovery (%) Intra-assay precision RSD" (%)
Apigenin 1.0 88.2 3.1
Apigenin-7-O-glucoside 1.0 80.4 1.6
Luteolin 1.0 83.7 1.4
Luteolin-7-O-glucoside 1.0 86.9 0.7

Y Intra-assay precision RSD: Intra-assay precision relative standard deviation.

2 A 2E g0 R 33 vrESI Y, 1 Axf B do] B
B2 0.7-3.1%E AOAC 71591 AT EEHA} 8%(1 ng/ml)
O] Uj(AOAC 2013)U-& EHI5HA Lt

4. ZAFQ| apigenin, apigenin-7-O-glucoside, luteolin
and luteolin-7-O-glucoside &2k

1) 54 21t

W47 & 21552 S A, Fapigenin(apigenin, apigenin-
7-O-glucoside ) 8E-E(0.01+0.01~1.7240.38 mg/100 g FW),
Z luteolin(luteolin, luteolin-7-O-glucoside g 11&E(0.01+
0.01~2.93+0.81 mg/100 g FW)ol o8 ZHo=z yeRgth
(Table 6).

NaF F F apigenin FFE I 5H(1.7240.38 mg/100 g
FW), T2](0.67+0.03 mg/100 g FW), A2 2](0.44+0.27 mg/100
g FW), ZHE(0.16£0.04 mg/100 g FW), 22(0.08+0.03), 742]
(0.07£0.02 mg/100 g FW) &A1& =74 eyt

139 9] F apigenin T2 A2 Q] 394, k& 9] 2.5
Hi AR =2 g Aot e AL Eelstaith

QAF 5 F luteolin FHFS 1590(2.93+0.81 mg/100 g
FW), T15(0.59+0.40 mg/100 g FW), A2 2](0.55+0.33 mg/100 g
FW), Z4F3(0.3140.10 mg/100 g FW), £:(0.28+0.16 mg/100 g
FW), 7491(0.27+0.11 mg/100 g FW) oA &2 o] =74 Ut
ok 1599 F luteolin IF2 WIS 9] 4.98), ]9
530 A2 =2 S ERohL AdeS ERlskit

HEAQD = thaH] A%l S AdF, 2445 F
A3 9 2YRIASE T T 45S2E Uiro] At &
apigenin -2 4E-£0] (.02+0.01~0.03+0.03 mg/100 g FW=
THE o7t fle= & 5 AU T luteolin 2 A4}
2(0.3120.10 mg/100 g FW), Z-4+32(0.26+0.13 mg/100 g FW),
291 AF2(0.22+0.20 mg/100 g FW), AF(0.16+0.05 mg/100
g FW) AT AdFolA 7P B2 ol A&
U, 59 92 1931 Aol AATHp<0.05). 115319
% ZdtEo|E T2 YA F 100 g 480 mgll AL R
HI31(Ku 5 2009) =313, DPPH &t} d &A= 7H = &

2R ot SheHEel apigenind} apigenin WLHES Hejet
AL AHPark 5 2007)% QJch EFE, 1320 FHAKE A
< ETtE ol gl 9EHolgt= ATHKu T 2009)7F
UL ol Ao A ARG 4T F 11U Y] F apigenin
9 = [uteolin o] 7Y =9kt

Mg d g&2|of A= & apigenin Y Z luteolin $+5F0|
A UEbdt A, & 59 A== apigenind] 2
S g4 a Y E I (Rhim JY 2003; Patel 5 2007)2} Al 2o
apigenin¥} luteolin®] &-3-E|o] Qo= Z 3K Hertog 5 1992)
7F et

TEdE luteolin-7-O-glucoside $FEFo] luteolin T+ ch
o &2 Z0F Hil(Lee SL 201051 glom, B A7Aw}
T g2 A%E HEHH.

ZRA O A apigenind} luteolin®] HEH A--(Jo JO 1995)2}
2:0] A apigenino] H1H ZINLee 5 2018)7} Ut}

A3}t AAF39] flavonoids TFS H IS o, HAFS
oA 3ol o #=9koH, luteolin TFFE AAdFoA o =
QFtt= H I (Cao S 2010)7} QlTh.

9 2 ApoAE AT 5 HEUE, HYd, vEY
B, AIFA], 29, FAA, HUE, AAE, 38K, 13, 1]
U], 355, 2ot 27gAR, AgEE Ae dFAF
ol A% apigenin} luteolino] &= ket

ZdtHo|E gHeRe 2p9) A, ojAtslerAs 29k T gl
L AoZ e A (Daniel 5 1999; Caldwell 5 2005)Q)th. &
oF, O 3F2 AR AR A, 5 9 2ol metbA
T OE 4 AUtkdo JO 199511 gich. I BE FARE 4]F0]

o] golstd EetHlolE FX= tEA &
A=19] flavonoids HFFI AEFE HHT o
AE 2A6 EokZ o Aot 9 dd2H oAt
1, flavonesS F2 v|27]7|, uk Fu= 12TIEE B4
sl 21072 B3 (Yang YK 201D)E Hf Qlch.
A 4=57-9] apigenin I luteolin T2 I3t A}, U A|
d 51H=(MAFRA 2017)9] o]& “d&°] 2124 F25 o] 9]

=2 A 52 A s &¢Y), U E



238

o
ju)
fol

o)
el

Ho
©
o,

b

Rt - AF - ol - HSY

Table 6. The content of apigenin, apigenin-7-O-glucoside, luteolin, and luteolin-7-O-glucoside of vegetables

Amounts, Mean+S.D. mg/100 g FW

Classification ltemns Apigenin Apigenin.-7- T.otal. Luteolin Luteolin-‘7- Tota.l
(Number of samples) O-glucoside  apigenin O-glucoside luteolin
Beach silvertop (1) N.D. N.D. N.D. N.D. N.D. N.D.
Pepper leaves (4) 0.04+0.03 1.68+0.35 1.72+0.38 0.53+0.22 24040.59  2.93+0.81
Dong quai leaf (4) N.D. N.D. N.D. 0.01+0.01 N.D. 0.01+0.01
Perilla leaves (5) 0.05+0.02 0.02+0.01 0.07+0.03 N.D. 0.2740.11  0.2740.11
Butterbur (2) N.D. N.D. N.D. N.D. N.D. N.D.
Dandelion (3) N.D. 0.01£0.01 0.01+0.01 0.11+0.09 0.48+0.31  0.59+0.40
Amaranth (7) N.D. N.D. N.D. N.D. N.D. N.D.
Jeokchima (3) N.D. 0.03£0.01  0.03+0.01%%  0.03+0.02 0.28+0.08  0.31£0.10M
Lettuce Jeokchukmyeon (3) N.D. 0.03+0.02 0.03+0.02 0.0120.00 0.25+0.13  0.26+0.13
(Ieaf)  Cheonchima (3) N.D. 0.02£0.01  0.02+0.01  0.02+0.02  0.14+0.03  0.16+0.05
Leafy Romaine lettuce (3) N.D. 0.03+0.03 0.03+0.03 0.01z0.01 0.21£0.19  0.22+0.20
vegetables Spinach (1) ND. N.D. N.D. N.D. N.D. ND.
Foremost muggwort (5) 0.05+0.01 0.03+0.01 0.08+0.02 0.21+0.12 0.07£0.04  0.28+0.16
Crown daisy (4) N.D. N.D. N.D. N.D. 0.0240.02  0.02+0.02
Toothed ixeris (1) N.D. N.D. N.D. N.D. N.D. N.D.
Chamnamul (3) 0.0340.00 0.13+0.04 0.16+0.04 0.02+0.01 0.0740.03  0.09+0.04
Chinese vegetable (1) N.D. N.D. N.D. N.D. N.D. N.D.
Chwinamul (5) N.D. N.D. N.D. N.D. N.D. N.D.
Chicory (leaves) (3) N.D. N.D. N.D. N.D. N.D. N.D.
Kale (5) N.D. N.D. N.D. N.D. 0.02+0.04  0.02+0.04
Parsley (3) 0.02+0.01 0.65+0.02 0.67+0.03 N.D. 0.02+0.01 0.02+0.01
Squash leaves (3) N.D. N.D. N.D. N.D. N.D. N.D.
Wild garlic (1) N.D. N.D. N.D. N.D. N.D. N.D.
Stalk and Bud of aralia elater (1) N.D. N.D. N.D. N.D. N.D. N.D.
stem Water dropwort (2) N.D. N.D. N.D. N.D. N.D. N.D.
vegetables Chinese chives (3) N.D. N.D. N.D. N.D. N.D. N.D.
Celery (7) 0.0140.01 0.4340.26 0.44+0.27 0.01+0.01 0.54+0.32  0.55+0.33
) Broccoli (2) N.D. N.D. N.D. N.D. N.D. N.D.
leEtr;SS\:ecze:Ei . Caiflower ) N.D. N.D. N.D. N.D. N.D. N.D.
Cabbage (1) N.D. N.D. N.D. N.D. N.D. N.D.

N.D.: not detected.

N.S.: means not significant (p<0.05).

B ol Afol), Z2(R)t o8 A A AATY).
B (Y), FFEERE H2E AR $HBA 15
(10-119)& 2- Aol JH 2, AXIALA apigenin %

lueolinS 0] 943 ANBHEAE AL 4 922 Ut

% olr

2) Majz| sl Za}

Apigenin & luteolin®] T-H F5 F A& &7 4

Qo o] 7}
O-glucoside, luteolin & luteolin-7-O-glucoside TFFo] HF &
71Hth oAl E=A UET(Table 7).

Z apigenin(apigenin, apigenin-7-O-glucoside $}), & luteolin
(luteolin, luteolin-7-O-glucoside®] ) e Al 2|9 Y3}
Z71° ot 722l ZolE e A (p<0.05)(Fig. 2 &
Fig. 3). o]= Al&]g] Yol apigenin & luteolino] o] 335
o] AUth= Hi(Cao 5 2010)2F LRFIT} EFE Aol A

S v n 3t A}, apigenin, apigenin-7-
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Table 7. The content of apigenin, apigenin-7-O-glucoside, luteolin and luteolin-7-O-glucoside of vegetables

Amounts, MeantS.D. mg/100 g FW

Items Part Apicenin Apigenin-7- Total Luteolin Luteolin-7- Total
(Number of samples) P& O-glucoside apigenin O-glucoside luteolin
Celery (4) Leaf 0.01£0.01 0.81£0.63 0.8240.64 0.02+0.01 1.32+1.02 1.34+1.03
CIC]
i Stalk N.D. 0.01£0.01 0.0120.01 N.D. 0.03£0.03 0.03+0.03
N.D.: not detected.
Celery apigenin-7-O-glucoside, luteolin ¥ luteolin-7-O-glucoside T=F
. 2 BHslo] 0L 2L AEE AR HAF UER F
0.50 = Total apigenin Z apigenin(apigenin, apigenin-7-O-glucoside $})2 8&-of 3}
oo S A2 eItk 3 apigenin BHS D2, W), 4
o Pel, e, &, A9 SAR B detdeh ALag 78S
B W = . . . . _
B 050 % Z luteolin(luteolin, luteolin-7-O-glucoside §})S 11EE-0]
g 040 A8 2OR tehdth 3 lucolin G 139, WS,
¥ o» 92, A%, 2, AL £A2 2 ebaek, dEAe 3
T o020
010 W ohAH] 4 A9 apigenin X luteolin TS EFH
0.00 = BAS A%, A5, 245, AT 1 2H)d A5 4F
Leaf Stalk

Fig. 2. Total apigenin content by part of celery. Each bar
represented mean+S.D. of triplicate determinations(p<0.05).

Celery
160 .
= Total luteolin
1.40
120
1.00
=
M 080
on
S o060
=
on
g o040
020
Leaf Stalk

Fig. 3. Total luteolin content by part of celery. Each bar
represented mean+S.D. of triplicate determinations(p<0.05).

apigenin ¥ luteolin®] &7|XHt} Yof ¢ wo] {5 of Qich
= A7 ZE I (Hostetler 5 2017)2} 29Tt

ook Ol >
e | =

1!

2 A4 FHolA FE2 f8EHI AvEE a7
apigenin I luteolin $FF-S ZAFSH7| Y3t Aot} o]& 93|
LC-MSMSE o] &3l aF F 27F5(F 91 71)9] apigenin,

29| % apigenin BFL 0|7} 79 YT, % luteolin T
o WE, TR, 29 4, B4R 242 B Y
o1k S A9l U005, Melelt 71 9 2
02 o] F apigenin ¥ & luteolin TS H| w3 Hdt}.
I Ax, Alge] 715 YolA BFE %— apigenin % &
luteolin SFFo] =4 e} AZATNE HAaE]
apigenin?} luteolin $F5Fo] st Oqoc}:i]-ﬂ 71225 E &85}
2 gt
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