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♦ The chromatographic methodologies used 
were compatible with both DDA and MSE 

 

♦ MetaboLynx UPLC/MSE enabled identification 
of the largest number of components in the 
standard mixture and in the plant extract. 

 

♦ MetaboLynx software is predominantly used 
for drug metabolite identification.  This study 
shows that it  is also well suited for plant me-
tabolite identification.  A particularly useful 
feature is the ability to deconvolute neutral 
loss information from the high and low energy 
acquisitions, which enables flavonoid gly-
cosides to be identified by their characteristic 
neutral losses of the glycan residues.   
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Figure 1: Basic structure of a flavone, showing possible   
  sites of glycosylation 
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INTRODUCTION 
♦ A standard mixture containing 24 plant 

metabolites, predominantly flavonoids and 
flavonoid glycosides was prepared and 
analyzed using UPLC-MS/MS and monolith 
LC-MS/MS methods.  Two modes of data 
acquisition have also been compared; data 
dependent analysis (DDA) and MSE.   

♦ To demonstrate the suitability of these 
methods for analysis of real plant extracts 
both methods were used to analyze a butanol 
extract of the aerial parts of Genista tenera.  

♦ Flavonoids and flavonoid glycosides constitute a 
large, diverse class of plant secondary metabolite; 
diversity is attributed to various functional groups 
(e.g. -OCH3, -OH) substituted on the 
phenylbenzopyrone skeleton (Figure 1).  

♦ There is much interest in flavonoids because they 
have a range of beneficial biological/
pharmacological properties. 
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METHOD CONCLUSION 

 
Samples (5 µL) were injected onto the columns 
and eluted using an optimized gradient of water 
containing 0.1% formic acid, and acetonitrile con-
taining 0.1% formic acid.  Data were acquired us-
ing an external reference to ensure good mass ac-
curacy.  Data acquisition was achieved using either 
MSE (Figure 2) or using traditional DDA. 

 
 
 
 
 
 
 
 
 
 

LC and MS conditions 
 
LC System:   Waters® ACQUITY UPLC® System 
 
UPLC Column:   ACQUITY HSS T3 Column  

    (2.1 x 100 mm, 1.8 µm)   

Column Temp:   35 ˚ C 

Flow Rate:    0.6 mL/min  

Mobile Phase A:   H2O (0.1% FA) 

Mobile Phase B:   Acetonitrile (0.1% FA) 

Gradient:    10-25% B/8 min, 25-90% B/3 min, 

    90% B/1 min. 

 
Monolith Column:  Merck Chromolith Performance  

    RP18e (4.6 x 100 mm) 

Column Temp:   35 ˚ C 

Flow Rate:    2 mL/min (0.6 mL/min to MS) 

Mobile Phase A:   H2O (0.1% FA) 

Mobile Phase B:   Acetonitrile (0.1% FA) 

Gradient:    10% B/ 1 min, 10-20% B/7 min, 20-

    90% B/4 min, 90% B/1 min. 

 

MS System:  Waters Q-Tof Premier™  

    Mass Spectrometer 

Ionization Mode:  ESI Negative 

Capillary Voltage:  2500 V 

Cone Voltage:   30 V 

Desolvation Temp:  350 ˚ C 

Desolvation Gas:   800 L/Hr 

Source Temp:   120 ˚ C 

Acquisition Range: 100—1000 Da 

Collision Energies:  High Ramped  20-40 V, Low 5 V 
 

 
Figure 2. MSE acquisition: [M-H]- and fragment ion infor-
mation from co-eluting precursors by alternating between 
low and elevated collision energy . 

♦ LC-MS/MS analysis of plant extracts typically 
takes in excess of 40 minutes and often multiple 
injections are needed to enable all required tan-
dem mass spectrometry experiments.   

♦ Ultra-performance chromatography and mono-
lithic chromatography enable better analyte sepa-
ration and reduce chromatographic analysis time 
compared to traditional HPLC methods.  

♦ The main benefit of MSE is that full scan data, 
precursor ion and neutral loss data may be ac-
quired from a single injection.    

  

RESULTS AND DISCUSSION 
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Figure 3. BPI (base peak intensity) traces from A) the mono-
lithic LC-MS analysis  B) UPLC-MS analysis of the standard 
mixture containing 24 plant metabolites 

 
Figure 4. Full scan mass spectra (inserts) and the CID frag-
mentation data of eriocitrin acquired using A) MSE and B) 
DDA 

 
Figure 6. Screen shot showing MetaboLynx browser following 
processing of the UPLC/MSE data. 23/24 of the standards were 
identified from the low energy data. 

Table 1. Showing the 24 components of our mixture, their 
elemental formulae, m/z value for [M-H]-, the retention times 
for each method and whether they were detected by DDA and 
through MetaboLynx processing of the MSE data 

 
Figure 5. Screen shot showing part of the list of MS/MS    
experiments performed using the DDA method  

 
Figure 7. Screen shot showing MetaboLynx browser after 
fragmentation analysis of the high energy data.   

APPLICATION TO REAL PLANT 
EXTRACTS: 
GENISTA TENERA 
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♦ Using the UPLC method more components 
were found in the BPI chromatograms than us-
ing the monolithic method (Fig. 3)  

 
 

♦ To achieve monolithic LC analysis times com-
parable to those obtained using UPLC a flow-
rate of 2 mL/min was used. Thus the flow was 
split to be ESI compatible.  

 
 

♦ Similar fragmentation is obtained using MSE 

and conventional MS/MS (Fig. 4) 
 
 

♦ 23/24 components of the mixture were de-
tected using UPLC/MSE 

♦ 22/24 components of the mixture were de-
tected using UPLC/MS/MS (DDA) 

♦ 20/24 components of the mixture were de-
tected using monolith LC/MSE

 

♦ 20/24 components of the mixture were de-
tected using monolith LC/MS/MS (DDA) 

 
 

♦ During DDA the MS instrument switches from 
full-scan MS mode to MS/MS mode.  This limits 
the data that can be collected.  Using chroma-
tographic methods with narrow, rapidly eluting 
peaks exacerbates the problem. In addition 
much redundant information is collected (Fig 
5). The data shows that MSE overcomes these 
problems. 

 
 

♦ MSE  enables collection of precursor, fragment 
ion and neutral loss data (Fig. 6+7). Thus 
more components and more information was 
achieved using MSE than DDA. 

 

♦ MetaboLynx enabled the user to easily data 
mine the information generated by the MSE  
approach. 

                             Standards     UPLC/MS/MS Monolithic LC/MS/MS
name Formula m/z t R /min DDA  MSE

t R /min DDA  MSE

apigenin C10H10O5 269.0450 9.36 9.84
genistein C10H10O5 269.0450 9.33 9.83
naringin C15H12O5 271.0606 9.29 9.81
luteolin C15H10O6 285.0399 8.82 9.44
kaemferol C15H10O6 285.0399 9.41 9.92
eriodyctiol C15H12O6 287.0556 8.24 9.25
quercetin C15H10O7 301.0348 8.79 5.67
hesperitin C16H1506 301.0712 9.49 9.96
apigenin-7-O-glucoside C21H20O10 431.0978 5.11 5.74
genistin C21H20O10 431.0978 6.22 7.3
kaemferol-7-O-glucoside C15H20O6 447.0927 6.08 6.08
kaemferol-3-O-glucoside C15H20O6 447.0927 5.97 5.97
orientin C15H20O6 447.0927 3.78 3.78
homoorientin C15H20O6 447.0927 3.63 3.63
luteolin-4’-O-glucoside C15H20O6 447.0927 6.21 7.34
luteolin-7-O-glucoside C15H20O6 447.0927 5 5.81
quercetin-3-O-glucoside C21H20O10 463.0873 4.92 5.67
apigenin-7-O-
neohesperidoside C27H30O14 577.1557 6.24 7.43
naringenin C27H32O14 579.1714 6.03 5.79
eriocitrin C27H32O15 595.1663 4.38 5.16
neoeriocitrin C27H32O15 595.1663 4.8 5.7
rutin C27H30O16 609.1456 4.65 5.4
hesperidin C28H34015 609.1819 6.42 7.62
neohesperidin C28H34015 609.1819 6.84 8.17

Figure 8. BPI traces from A) the monolithic LC-MS analysis  
B) UPLC-MS analysis of BuOH extracts of the aerial parts of 
Genista tenera  

A) 

B) 

 

♦ A traditional C18 LC method for the analysis of this 
plant extract took 100 min (A Rauter et al. J. 
Chrom A 2005, 1089, 59-64).  Using both our 
chromatographic methods the analysis now takes 
10 min. 

 

♦ Many more peaks were identified using UPLC-MS 
compared to monolith LC/MS   

 

♦ Approx. 150 DDA MS/MS experiments were per-
formed during the UPLC/MS/MS analysis and even 
more components were detected using MetaboLynx 
to process the MSE data we are still analysing this 
data...   

720002233EN 


