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Determination of Betaines in Four Marine Algae by Liquid Chromatography-Mass Spectrometry

ZHAO Peng XU Jidin LIU Xue-mei CHEN JuanHuan WANG Xiu5uan CHEN Hai-min YAN Xiao4un" Key La-
boratory of Applied Marine Biotechnology ( Ningbo University) Ministry of Education Ningbo 315211 China

ABSTRACT: OBJECTIVE To investigate a qualitative and quantitative analysis method of four kinds of macrophytes i. e. Laminar—
ia japonica Ulva lactuca L. Grateloupiafilicina and Porphyra tenera Kjellm by high performance liquid chromatography-triple quadru—
pole mass spectrometry ( HPLC/QqQ-MS) and high performance liquid chromatography—-quadrupole-time of flight mass spectrometry
( HPLC-Q-TOF-MS) . METHODS The mass spectrometry was performed in positive mode using precursor ions at m/z 58. 34 and
92. 18 as quantitative ions for Glycine betaine and Trigonelline respectively. Glycine betaine and Trigonelline were separated with high
efficiency in the Selective Reaction Monitoring ( SRM) mode on CNWSIL SCX column. RESULTS  The detection limit of glycine be—
taine and trigonelline were 0. 12 and 0. 06 wg * L™" respectively. The recoveries were 83.76% and 95. 54% with the relative standard
deviations ( RSDs) less than 6% (n =3). In addition the proposed fragmentation pathways of the suspected betaines were explained
using Q-TOF Premier MS. The method confirmed that the suspected betaines definitely existed in the samples and they were semi—
quantitatively analyzed. The concentrations of betaines in the four kinds of Macrophytes were from under detection limit to 1 015. 3 ng
+ ¢7'. CONCLUSION This method is sensitive specific and rapid. Therefore it can be used for qualitative and quantitative analy—
sis of betaines in Macrophytes.

KEY WORDS: Macrophyte; betaines; high performance liquid chromatography; triple quadrupole mass spectrometry; quadrupole-time

of flight mass spectrometry
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CNW ) ; SepPak C18 (3 cc 60
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(3 cc 60 mg) ( Waters ) o
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2.1
CNWSIL SCX
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25 C 10 mmol * L™' (A)
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1.0 mL 5
gL 4 C
100%
2.3
1 SRM

( Ulva
( Por-

( Laminaria japonica)
( Grateloupia filicina)
0.2 ¢

lactuca 1)) |
phyra tenera Kjellm)
- 0.2 mol « L™
V/V)3 mlL
15 min o

(1:1)

(12:5:1 V/
20 min 12 000 r * min "'

3 mL -
1 mol « L'
pH 3 MCX 5
mL 5%
mL - (1:1) o
2.4

1 pgemL™ N
ESI o

M+H “(m/
M+Na "(m/

M+H *
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(m/z138.0) . M+NH, *(m/z155.3),
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m/z 58. 34 59. 34
m/z92.17.94.18  78.22
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o

- (1:1 V:V)

Tab.1 Characteristic fragment ions of authentic betaines obtained by QQQ MS with SRM mode

Collision energy

Collision energy Collision Energy

Analytes Transition 1 Transition 2 Transition 1
/eV /eV /eV
Glycine betaine 118.1>58.34 28 118.1>59. 34 19
Trigonelline 138.0>92. 18 18 138.0 >94.17 20 138.0>78.22 26
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Tab.4 Contents of betaine in four kinds of marine algae ng * g~

TOF
( C,H,N 59)
o 59
2
Tab.2 Linearity and detection limits of glycine betaine and
trigonelline
Range of Detection
. Calibration Regression L
Compound  concentration limit
equation coefficient
/mg + L~! /pug s L1
Glycine betaine  0.01 =50  ¥'=9.388 9 x10° +65 550.3X  0.9985  0.120 9
Trigonelline 0.01-50  ¥=2.62593x10°+218207X 0.9986  0.0622
3 .n=3 x%s
Tab.3  Recovery data of glycine betaine and trigonelline
(%). n=3 x+s
Process 1 2 3
mode Xxs RSD Xxs RSD Xxs RSD
Glycine betaine 87.33 £6.58 7.54 20.34+5.45 26.79 83.76+3.51 4.19
Trigonelline 57.39+5.99 10.43 90.31+9.43 10.44 95.55+5.20 5.44

Glveme betaine

19 48
Hydroxy proline betaine

Relative abundance

2180

8 Proline betaine

Fig.1 EIC of Laminaria japonica sample

1 _
.n=3 x=*s

Compound Glycine betaine Trigonelline GABA betaine  Hydroxyproline betaine  Proline betaine Alanine betaine
Laminaria japonica 173 £3.15 1.79 0. 74 no checked 70.5 +4.98 117 £2.21 no checked
Ulva lactuca L 210.5 +£5.73 2.35+0.39 no checked no checked 14.0 £3.19 28.3+2.15
Glateloupia filicina 31.7+1.42 no checked 841.5 +13.58 no checked 18.7 £0.99 no checked
Porphyra tenera Kjellm 188 +2.31 no checked 1015.3 £5.43 10. 1 £1.58 no checked no checked

- 1888 ¢

Chin Pharm J 2011 December Vol. 46 No.24

2011 12 46 24



(2

22. 14 min( m/
z118)  41. 86 min( m/z 146)
. LC-Q-TOF MS
( 3
) o
Q-TOF MS
m/z 144.0979  160. 096 9
C.H.O.N4 +5 mD
C,H,0,N C,H,0,N.
i.
!
- \’\}' e, — FEN——
1“‘iﬂ< : N tural loss chromatograms of .“--.r_,'-!'_-n.'-.l tenera Kje llm
M3
ESI-MS® 4
Fig. 3 Time of flight ( TOF) MS® spectrum for glyeine betaine
and the —||—|n|1r-] (;ABA betaine in Jr"lflf"rll-"r tenera "\II'”II and
proposed fragmentation pathways of the target in ESI-MS
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Fig. 4 Time of flight (TOF) MS’ spectrum for Laminaria japonica
and proposed fragmentation pathways of the targets in ESI-MS
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