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Quantitative Analysis of Flavonoids from Salicomia herbacea L. Extracst by LC-MS
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ABSTRCT : This study was conducted to determine the amount of flavonoids in Salicomia herbacea L. grown by a liquid
chromatography / mass spectrometry (LC/MS). The flavonoids-contained quercetin (124.43 ppm), rutin (2.57 ppm), quer-
cetin-3-B-glucoside (3992.49 ppm), quercetin-3',4'-glucoside (0.08 ppm) and isorhamnetin (27.81 ppm) were detected in the
powder sample. In particular, quercetin-3-B-glucoside accounted for more than 99% in hay and 96% in powder. These
results suggest that S. herbacea, which is one of halophyte plants, has high functional substances as an antioxidant source.
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M o AEF SHEQ SghRicol=x
kaempferol, myricetin®] 12 flavoneZl2] apigenin, luteolin,
limonin, nomilin 5°| FHA U3, 2F Foll Lol T
Hof, i AEl felEE SAeh ol =4 &3 &
71gufol| & H=th B3 flavonoids e, &k, Floly]
&, A Er], st 2 S S AU, 54 A
9] YERIR Aog RBAIEI T} (Lee et al, 1999,
Kang et al, 1995). < JA=HZRE FitslEd A
ATZA quercetin® in vitrool|A] radical A28l lipid
peroxidations A5k F45-S Ayo|dste] iksiAl= 2
4 (Rice Evans et al, 1996), quercetine in vitro®llA] Aj
4 HY Eojrte & FTE 0.25uml/LAA = LDL

L =

(low-density lipoprotein) At8}E HA| (Manach er al., 1998),

flavonolA 9]  quercetin,

AEA= A3AQ BN F30], vlole]2 o] ¥
a3} 2EHY2E Qlsle] EAE WA 7|, o]t &
AArane AQIRte), v i), ey, =551 5 A
A Welld 73t AslE o2 DNAS A7 AY 42 2
A AEld AolE sl Urh (Ames & Saul, 1987;
Allen ef al., 1997, Asada, 1999). <12 WollxE theksl &
glo] grslEdEe] 2p7Hele] 7] ZE3 AR ol
28 xIshe AR S B9, Fds, A
Au Fo] ofz] #H3ke] flo] HI Ut (Fukuzawa &
Takaishi, 1990).
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2&Eo] A, oF)shy] 7| xA7r @d] FFEI A quercetin® WFEHAS ool ¥ 4 At} (Hertog er
thoolggh AFE HlEeR o] 8%S Ad AE, oKE, dl, 1993a)3 BT g fEF ghst F o] ellA

sPE Tl AFEsiel weEl #a 2kgle] E4slE R glom
(Kim er al, 2006), = - 2F o2 AAELAZHE 754
ARl aAlE FFshy] S Arr s [ E A
(Choi et al., 2006), FAFsHEA<] flavonoid AE-S ©A&}1,
kel e v, BAsle] B 71200l vksiAl E-g-s)
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glycoside flavonoid®] ¥4 (Baik et al, 2001), =W A}
% Z7 (Hwang et al, 1998, Choi et al, 2006), 3=
(Kim et al., 2006), &3} (Lee et al., 2007)9] &ikslg, =
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S5utt] (Salicomia herbacea L., glasswort)= ™ olFF}
(Chenopodiaceae)ell &3h= A== AfalQte] AT A =}
the ddxEA U A, sl 53 ol fElv
o} Aol Ao FERE o] F U= U H <l A2 Eolth
(Lee, 1989). Tovte AF =7t &2 A Aep|
ol RS A7) S8 AEAW S ERT =2
AFE AT} (Kim & Song 1983). HZ Bro] olshA
Na 783 ¥ vk ofu2} Ca, K, Mg, Fe, Zn d+E°] 557t
o IEEE EAske Ao® dEAT Min er al, 2002;
Shin et al., 2002; Cha et al., 2006). W7rME o33 &
g wiol 2 @Rl B, FH2de ¥R e &
I 9 fololE F29] 7|54 AFLR sk A=t
T}t (Lee & An, 2002; Lee et al, 2002; Jeong et al.,
2004; Jang & Park, 2006). &&rir]e] oFe|ajel| #stk <A
TEE HEE FEE3 AF5E FAYE o 5 Fu=
HE 2 8% X2 74 (Bae ef al, 1990; Jo et al, 2002;
Kim et al, 2000; Ha & Lee, 2006; Kim et al, 2006)<}
ksl a37b Atk Min et al, 2002; Han et al, 2003;
Han & Kim, 2003; Han, 2004; Kim, 2007). S-avFc]|olA]
ks quercetin 3-O-B-D-glucopyranoside®} isorhamnetin
3-O-B-glucopyranoside 5744 (Park & Kim, 2004), 557}t]
oA F=3 tdAle] B4 (Lee et al, 2006, Im et dl,
2006), betaine A% (Lee et al, 2004) < A7} 3P
Atk et QUAOA] quercetin®] &AFSHA|, LDL AksE A,
e AS o) 5o g5 FUs] SIAE quercetin
o] =gkl Eojtof ). 2FHollA quercetin Bl A
FEo] F2 B-glycosideZ SIS o]H ThUSE quercetin
glycoside®] AJA|0]8-d-2 1 sugar moietydll ]3] FaFS w
=t (Hertog et al., 1993b; Hollman er al, 1999; Hollman
et al, 1995). Quercetin-3-rutinoside®} quercetin-3-B-glucoside
7} 213 quercetin®] 523+ FE|o|t}. Quercetin-3-rutinoside

P

L

= X quercetin®] 40% HEE, quercetin-3-B-glucoside=
&3} quercetin®] 45% B E=E XAt} (Kiviranta et al,

1988). quercetin-3-B-glucoside= HFHE ¥ 52%7F S5
HHA  quercetin-3-rutinoside= A1F 3] 17% A=5F S54%
o} (Hollman e al., 1995). Quercetin-3-rutinoside®] A§=||o]&-
AJL quercetin-3-B-glucoside®] AA| o1&/ 2] 20%0l E3}3ch
(Hollman et al., 1998).
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Quercetin dihydrate, rutin hydrate, isorhamnetin Sigma
(USAV}, HPLCE acetonitrile?} H,O, methanol, acetic acid
£ JT. Baker (USAW} AEFS ARSI 7]El B 2 &
A& Aok SRS ARSSIITE 2 AFolA ARSRE 7]
Ae #95=7] (EYELA Co., Model NE-1, Japan), HPLC
system (Agilent, PaloAlto, CA, Agilent 1100 series, USA),
ESI ion trap Mass spectrometer (Bruker Daltonics, model

AHgSHSAT.

p
pu

=
[}

[e]
=

Esqire HCT, Germany)

3. Adoo| x|
AZAE 9 BEXE 250mgS vl €3 AE

50% ollebS (10 mepllA 60:7F 33] FZE3lict. olebe: F5&
S Fele] HERIE 0ml Z 2T T oS 045/m
membrane filter2 o]}l AMo 7 FATE Quercetin

dihydrate, rutin hydrate, isorhamnetinS F|gh&o)] o] T8l
S zAEA 4L flavonoid FHENS 640ugml &
T2 MeOHol| 83l A1A 55 892 #03 &, T 555
10~640 ug/ml == 3|Asle] Zn)sact A Fogd
545 ZF8lo] HPLC-ESIMSES 218190, ¥+
HPLCgllA19] peak

o wl
oH
WA 2 MR Sle] AL A4
4. HPLC-ESYMS 2472
ZgtRol= AJE-LS HPLC-ESUMS Agilent 1100 series2}
Bruker esqire HCT on-line® #4J3}9th ZH-S Symmetry
R CI8 (2.1x100mm LD., 3.5um, Waters)E AF&-3}H o,
UV 254mm 3goA] S50t o832 (A) 5%
acetic acid in acetonitrile2} (B) 5% acetic acid in Waters
A: 5~80%% 4027k 71&71E 9 04 mb/min o2 S
FAAL, AR FUAFE 5 X5 ARSI (Table 1). 12152
ESl-lon Trap MS #4271& Q98P Table 13} 72T,

2 o oz
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LC/MSH| 28t SS0iC|2| flavonoids

Aspr) g st JHs BAFS ZHY & Aok
LN

2 Ao A = quercetin, rutin, quercetin-3-B-glucoside,
quercetin-3'4"-glucoside, isorhamnetin®] #AlF 3 S
9sle] Lol REoA] ESI interfaceS AMg-ale] EAEITH

7}y T ZEZFE=EO
Z}

EFEAEL fragment ion®] #HEF retention-time
quercetin> 301 m/z (19.1 min), isorhamnetin 479 m/z (21.0

min), quercetin-3-B-glucoside> 463 m/z (23.0 min), rutin->

Table 1. Liquid chromatography/mass spectrometer conditions for
the determination of flavonoids in S. herbacea.

A. Condition of HPLC

Company Agilent 1100 series (Binary pump systems)
Column SymmetryR C18 3.5 ¢m 2.1 x 10 mm (Waters)
. A : 5% acetic acid in ACN

Mobile Phase B: 5‘2 acetic acid in Water

Time A (%) B (%) Flow
0 min 5 95 0.4mL/min

30 min 40 60 0.4mL/min

Gradient 31 min 80 20 0.4mL/min
40 min 80 20 0.4mL/min
41 min 5 95 0.4mL/min
45 min 5 95 0.4mL/min

B. Condition of Mass Spectrometer

CX

609 m/z (30.0min),  quercetin-3',4"-glucoside> 625 m/z (38.0
min) A E EEEES ST (Fig. 1, 2, Table 2). 5%
AE2 10, 20, 40, 80, 160, 320, 640 pg/ml A 8]4s)aL
HPLCS| AZnEaglo)|r e mamzg o gs 2 &&
Hol=o] SAYAHLS ¢ A quercetin y =22,942x
+8,056 (r=1.000), isorhamnetin< y=1,288,091x — 251,630
(r=0.999), quercetin-3-Bglucoside> y=22951x+15,872 (r=
0.998), quercetin-3',4"-glucoside y=6,331,162x + 1,144,645
(r=0.991), rutin y=3,063,372x +6,983,22 (r=0.988)<! 7
FS AU} (Table 3).

L XL

2. Flavonoide] MM

Quercetin, rutin, quercetin-3-f-glucoside, quercetin-3',4'-
glucoside, isorhamneting & EA1517] $Jsleo] z}zte] ¥+
|5 ulEo 2 ESl/on Trap MSE negative modeolld
Aste] [M-H] 3t o]23F =4S wie] fragment MS/MS®]
7S ERI3I3TH (Table 2). B3+ 5717 2] HFS 9a}o]
7bzke] FFEENS 7HX AL standard curveE FAIEII M
45} ML= Table 337+ 2tk

11 A3 Table 490 A7lstdem™, HPLC-ESI-MS 222

Company Bruker model Esgire HCT (lon Trap MS) Table 2. Precursor ions and thgir gorresponding fragments obtained
by LC-ESI-MS (negative ion mode) analyses of the extracts
lon source ESI
; ) of S. herbacea L.
Polarity Negative
Mass Range 100-700 m/z tR (min) Compound [IM-HI™ MS2 fragment ions (m/z)
Nebulizer gas 40 psi 19.1  Quercetin 301 179,151
Scan Mode Ultrascan 20.4  lIsorhamnetin 479 315[MQI(M-HI" - Glc)
Capillary Voltage —4000 V 241 Quercetin-3-B-glucoside 463  301[QI(M-H]” - Clo)
Dry Gas 9 L/min 35.9 Quercetin-3'4-glucoside 625 463, 301[QI(M-H]” - Clc)
Dry Gas Temp. 365C 38.3 Rutin 609 301[QI(M-HI" - Glo)
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Fig. 1. LC/ESI Chromatogram of standard mixture. Peak number as follows: (1) quercetin (19.1 min); (2) isorhamnetin (21.0 min); (3)
quercetin-3-B-glucoside (23.0 min); (4) rutin (30.0 min); (5) quercetin-3',4-glucoside (38.0 min).

233



= A (=] A (=]
2oks - BES - TMF

= Fig. 30 JERIATE AxA quercetin, quercetin-3-p-
glucoside, rutin, isorhamnetin®] &&o] 17.20, 3137.06, 1.97,

lntansg:} {a) MSZ(E09.0)

%1077
1 3011

(5

%]

i

T

bb P e SR TIPS, oo

200 300 400 500 800" miz
Intens. 3 (b) -MS2(625.0)

4631

W &

3011

5] o
sl bead it

ey T T T T 3 tpv“ e
200 300 400 500 600 miz

Intens. | 470 01l
tons] (c) -MS2(479.0)

] 315.1

o

Py -
L=] ch

ke
in

PR E STE

.'r—v—"r-w v R R
200 400 500 600 miz

In:;_sln‘;ssgl (d) -MS2(301.0)
3|

o
=}

=)
O
=)

178.9

) L 4
RN AR AR NN RN RN

=]
f—

200 300 0 400 500 600 miz

Intens. 4 ’ a3 (1
<1063 {e) -MS2(463.0)

il
it
(=
-h

(5]

L]

o

il Dl

> R o e et S S B
200 300 400 500 600 miz

Fig. 2. LO/MS/MS spectra of rutin (a), quercetin-3',4'-glucoside (b),

[=]

3.05, 144 ppmO 2 ZHAZHATL, EdoME 124.43, 399249,
0.08, 2.57, 27.80 ppmoE HEEHUCE 4] Az} A=z 2
A9} Bke] 79 quercetin, quercetin-4'-glucoside, isorha-
mnetin®] 3 Zpo|7F YER=H] o] sl og ol&
Aol ¥ E&FoR FEEJH Ardn A&
flavonoids®llA] quercetin-3-B-glucoside”} XA|sl= HlE2 7
Zoll A 99%, oA 96% ol/Felth FEmir] oA <]
quercetin-3-Aglucoside 3 ¥ Fxh} Yujrct 453
5S¢ F Atk T quercetin®] A 0] &S HH
quercetin-3-B-glucoside= FHE ¥ 52%7F FFH
quercetin glucoside= 17+e] AgollA Gxproz 7irs|
o] 65-80% H=7t E% T} (Thomas er al., 2000).

FHZ BAEA mE ALrEe] FPFoR Ao AT
o7 Wstlo] AW frdo] Aztek AB|EAR s AL
AUt dE = AW AHFHE] TV SHzHEe] 3
ol JAgewA AL dF ALTF FTHIA B A
RS fdstar vk wEba] ofejgh ARSE atol] whet H]
A B AU frddlel] g Be A77F 87E oA
AL, FEpEclEe 8 AR FYVIToRE
quercetin®] in vitrollA4] radical2 *Z|3}aL lipid peroxidation
< Al F55 Aeoldste] SR 285k, LDL
(low-density lipoprotein) AFs}E AT 4= lo] s =s
e o Qe AoE dHA Ut olEg A#rt Ssvi
o] 714 E8at] tFe AFAIYe 82 Ao oA

k.

o2

£ A7E G AR e BEEE Agsiel S
Himol= Q¥ LOMSE At Sevit] ol
flavonold] EZ <1 quercetin (124.43 ppm), rutin (2.57 ppm),
quercetin-3-B-glucoside (3992.49 ppm), quercetin-3',4'-glucoside

Table 3. Linear ranges and correlation coefficients of calibration

curves.
Quercetin y = 22,942x + 8,056 R? = 1,000
Isorhamnetin y = 1,288,091x — 251,630 R? =0.999

Quercetin-3-B-glucoside y = 22,951x + 15,872 R? =0.998
Quercetin-3'4'-glucoside y = 6,331,162x + 1,144,645R* = 0.991

isorhamnetin (c), quercetin (d), quercetin-3-B-glucoside (e). Rutin y = 3,063,372x + 6,983,225R” = 0.988
Table 4. Flavonoid contents of S. herbacea L. (unit : ppm)
S. herbacea Quercetin Quercetin-3-B-glucoside Quercetin-3',4'-glucoside Rutin Isorhamnetin
Dried 17.20 3137.06 1.97 3.05 1.44
Powder 124.43 3992.49 0.08 2.57 27.81
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Fig. 3. LC/ESI/MS analysis of S. herbacea L. (powder) for separation and identification of five flavonoid (A : 1. quercetin, 2. isohamnetin-
%ucoade 3. quercetin-4-glucoside, 4. rutin, 5. quercetln -3'4- glucosnde) and LC/ES MS/MS SIM profile of quercetin (B),
isO

amnetin (C), quercetin-3- ,/)’-gluc05|de (D), rutin (E), quercetln -3'4"-glucoside (F).
(0.08 ppm) ZZ]3L isorhamnetin (27.81 ppm)°] AZE AT} LITERATURE CITED
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