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Abstract  In present study, a method basing on accurate mass and fragmentation pattern was designed to screen 
the terpene lactones and flavonoids in the methanol extract of Ginkgo biloba capsule powder. An UPLC with a 
hybrid linear ion trap – orbitrap mass spectrometer (UPLC-LTQ-Orbitrap Elite) was used. The chromatographic 
analysis of the sample was performed on a C18 column (100 × 2.1 mm ID, particle size 1.9 μm) with gradient elution 
using methanol and water with 0.10% formic acid. Mass spectrometry was performed in the negative ESI mode. By 
comparison the accurate mass, element composition and fragment pattern, twenty-six compounds were identified, 
including 5 ginkgo terpene lactones (bilobalide, ginkgolide A, B, C and J) and 21 flavonoid glycosides. The major 
glycosides identified included: kaempferol-3-O-glu-glu-rha, kaempferol-7-O-rutinoside, isorhamnetin-3-O-
rutinoside, kaempferol-3-O -rha-glu, quercetin-3-O- glucoside, kaempferol-3-O-rha-glu-coumaroyl and 3’-
methoxymyricetin-3-O-rutinoside. The structural isomers were differentiated through the characteristic ions obtained 
from their MS/MS spectra. In addition, a compound 3,5,4’-trihydroxyflavone-3-O-glucoside, which was not 
reported in G. biloba before to our knowledge, was identified in the extract. The fragmentation pathways and 
characteristic product ions of flavonoid glycosides were shown and summarized for the rapid identification. The 
developed method was proved to be useful and precise for fast qualitative analysis of flavonoid compounds in 
mixture. 

Keywords: gingko biloba, terpene lactones, gingko biloba glycosides, glycoside fragment ions, structure 
characterization, UPLC-LTQ-Orbitrap MS 

Cite This Article: Haiyun Zhou, Weiquan Tang, Jin Zeng, and Chengfang Tang, “Screening of Terpene 
Lactones and Flavonoid Glycosides in gingko biloba Capsule by UPLC- Orbitrap High Resolution MS, with 
Emphasis on Isomer Differentiation.” Journal of Food and Nutrition Research, vol. 2, no. 7 (2014): 369-376. doi: 
10.12691/jfnr-2-7-7. 

1. Introduction 
Ginkgo biloba (G. biloba) leaf has a long history of use 

in China as a traditional medicine or as a source of 
supplement. Terpenoids and flavonoids are the active 
compounds in G. biloba leaf extract, in which exhibit a 
wide range of biological activities including cardiovascular 
prevention, antioxidant and hypolipidemic effect [1]. 
Ginkgolides and bilobalide are unique components of G. 
biloba [2]. So far, more than 30 glycosides were isolated 
from G. biloba, and most of them are isomeric compounds 
with location of sugar groups at the aglycone skeleton 
(normally at C3 and/or C7 position) [1]. The major 
flavonoid aglycones found in G. biloba include quercetin, 
kaempferol, isorhamnetin, apigenin, and myricetin. The 
most common sugar groups linked to the aglycone 
skeleton are comprised of rhamnose and glucose [3,4,5,6]. 

G. biloba capsule, made from its leaf extract, is a 
complex mixture comprising of terpene lactones and 

flavonoids. According to Chinese Pharmacopoeia (Ver. 
2010), ginkgolides (A, B and C), bilodalide and total 
flavonoid glycosides are the quality control parameters. 
HPLC is the recommended method. When determining the 
flavonoid glycosides, the extracts are hydrolyzed first, 
three major aglycones (quercetin, kaempferol and 
isorhamnetin) that are then measured. The three aglycone 
values are converted to give an estimate of the total 
amount of flavonoid glycosides. Using this method, the 
major constituents cannot be identified.  

The chemical constituents in G. biloba extract depend 
on the time of year at which the leaves were harvest or on 
growing condition. Therefore, a clear and fast quality 
analysis method should be established in rapid compound 
identification. While undergoing the quality analysis of 
natural products in a mixture, it is the fact that not all the 
standard compounds could be obtained. In recent years, 
high resolution mass spectrometry combined with UPLC 
provides a powerful on-line technique for natural product 
characterization in a complex mixture [7,8,9,10]. Hybrid 
linear ion trap - Orbitrap Elite mass spectrometer (LTQ-
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Orbitrap Elite) is one of the high-resolution analyzer, 
which enables the recorded m/z values of ions with 
accuracy up to four decimal points, and it allows 
achieving mass error better than 5 ppm. Together with the 
multistage MS data, not only the element composition but 
also the structural information of the analytes could be 
obtained. In terms of flavonoid glycosides, the aglycone 
type, glycosylation position and sugar pattern could be 
determined basing on the MS/MS product ions [11-17].  

In this study, UPLC with LTQ-Orbitrap Elite was 
applied to screen the compositions of terpene lactones and 
flavonoid glycosides in G. biloba capsule. In addition, the 
fragmentation pathways and characteristic product ions of 
flavonoid glycosides were shown and summarized for the 
rapid identification. The data presented in this study 
would benefit to the quality control analysis of G. biloba 
products. 

2. Materials and Methods 

2.1. Sample Preparation 
The G. biloba capsule was purchased in local drug store. 

10 mg of the capsule powder was ultrasonically extracted 
with 10 mL methanol for 10 min. After centrifugation at 
10000 rpm for 10 minutes, the supernatant was filtered 
through 2 μm filter before UPLC/MS analysis.  

Methanol (MS grade) and formic acid (analytical grade) 
are commercial available. Ultra-pure water was obtained 
by using a Milli-Q system. Reference compounds 
(quercetin, kaempferol and rutinose) were obtained from 
the National Institute for the control of Pharmaceutical 
and Biological Products (Beijing, China). 

2.2. UPLC-MS Conditions 
The LC-MS experiments were carried out on a hybrid 

linear ion trap – orbitrap mass spectrometer (LTQ 
Orbitrap Elite MS) coupled with an Accelar UPLC system 
(Thermofisher). 

The extract was separated on an Hypersil Gold C18 
column (100 × 2.1 mm ID, particle size 1.9 μm) 

(Thermofisher). The column oven was maintained at 25°C 
(±1°C). The mobile phase consisted of a gradient elution 
of methanol (A) and water with 0.10% formic acid (B). 
The gradient program was: 10%A (0 min), 60% A 
(15min), 100%A (30 min, lasted for 10 minutes). The 
flow rate was 0.2 mL/min. Aliquots of 3 μL of sample 
extract was injected into the UPLC via the autosampler for 
analysis.  

The eluent from the column was introduced into the 
LTQ Orbitrap Elite MS via heated electrospray ionization 
(H-ESI) interface. ESI was operated in negative mode. 
The following MS parameters were set: heater 
temperature, 250°C; ion spray voltage, -3.5 kV; capillary 
temperature, 300°C; sheath gas (N2) flow rate, 35 arbitrary 
units; auxiliary gas (N2) flow rate, 10 arbitrary units; 
Helium was used as collision gas and the collision energy 
was set 30%. 

The LTQ Orbitrap was operated in parallel mode so 
that while the orbitrap mass analyzer was acquiring the 
high resolution high mass accuracy full scan mass 
spectrum, the LTQ was acquiring MS2 spectra in data 
dependent mode. The orbitrap mass resolution was set to 
15,000 at m/z 400 with a scan range of 100 to 1000 u. 

The Orbitrap mass was calibrated using a tuning 
solution (provided by the manufacture) before data 
acquiring. All the operations, acquisition and data 
processing were controlled by Xcalibur software (Ver. 2.4, 
Thermofisher). 

3. Results and Discussion 
Total ion chromatogram (TIC) of the sample extract is 

shown in Figure 1. In -ESI mode, the peaks exhibited [M-
H]- ion for the compounds in MS spectra. The appearance 
of dimmers or solvent adduct ions (for example [M-
H+HCOOH]-, [M-H+CH3OH]-) could further support the 
identification of the [M-H]- ions. A total of 26 compounds 
were characterized. Table 1 showed the obtained values 
for each of the detected compounds (numbered from 1 to 
26 following their retention time). As shown in Table 1, 
some of the compounds were isomers with identical 
element composition. 
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Figure 1. Full scan base peak MS chromatogram of the methanol extract of the sample. The data was acquired from Orbitrap Elite UPLC-MS 
spectrometer in –ESI mode 
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Table 1. Chromatographic characteristics and identified ginkgo terpene lactones and flavonoid glycosides in G. bilota extract 
No. tR(min) [M-H]- (m/z) identification 
  measured error(ppm) formula  

1 7.36 325.0926 
651.1930a 

2.44 
1.03 

C15H17O8 
C30H35O16 

bilobalide 

2 7.88 755.2038 1.16 C33H39O20 kaempferol-3-O-rutinoside-7-O-glucoside 

3 8.47 423.1295 
847.2668a 

2.15 
1.49 

C20H23O10 
C40H47O20 

ginkgolide J 

4 8.82 439.1245 
879.2570a 

0.99 
1.61 

C20H23O11 

C40H47O22 
ginkgolide C 

5 9.36 625.1406 0.64 C27H29O17 myricetin-3-O-rha-glu 
6 9.46 755.2034 0.59 C33H39O20 quercetin-3-O-glu-rha-rha 
7 10.34 739.2089 0.50 C33H39O19 kaempferol-3-O-glu-rha-rha 
8 10.63 609.1454 0.62 C27H29O16 quercetin-3-O-rutinoside 

9 10.7 
407.1346 
453.1400b 
815.2764a 

2.26 
1.80 
0.90 

C20H23O9 

C21H25O11 
C40H47O18 

ginkgolide A 

10 10.73 463.0877 1.31 C21H19O12 quercetin-3-O-glucoside 
11 10.87 639.1563 1.05 C28H31O17 3’-methoxymyricetin-3-O-rutinoside 

12 11.05 423.1293 
847.2661a 

1.65 
0.63 

C20H23O10 

C40H47O20 
ginkgolide B 

13 11.26 463.0880 1.83 C21H19O12 quercetin-7-O-glucoside 
14 11.31 447.0933 2.47 C21H19O11 kaempferol-7-O-glucoside 
15 11.51 609.1459 1.42 C27H29O16 quercetin-3-O-rha-glu 
16 11.66 431.0981 2.02 C21H19O10 3,5,4’-trihydroxyflavone -3-O-glucoside 
17 11.79 447.0933 2.47 C21H19O11 quercetin-3-O-rhamnoside 
18 11.87 593.1507 1.01 C27H29O15 kaempferol-7-O-rutinoside 
19 11.98 623.1612 0.85 C28H31O16 isorhamnetin-3-O-rutinoside 
20 12.37c 755.1822 0.53 C36H35O18 quercetin-3-O-rha-glu-coumaroyl or its isomer 
21 653.1724 1.80 C29H33O17 syringetin-3-O-rutinoside 
22 12.59 593.1509 1.42 C27H29O15 kaempferol-3-O-rha-glu 

23 12.78 447.0930 
895.1917a 

1.92 
-1.16 

C21H19O11 

C42H39O22 
kaempferol-4´-O-glucoside 

24 13.08 431.0983 2.37 C21H19O10 kaempferol-7-O-rhamnoside 
25 13.26 739.1871 0.35 C36H35O17 kaempferol-3-O-rha-glu-coumaroyl 
26 13.43 755.1829 1.49 C36H35O18 quercetin-3-O-rha-glu-coumaroyl or its isomer 
a dimmer ion [2M-H]-; b [M-H+HCOOH]- ion; c coeluted. 

 

Figure 2. Extracted ion chromatogram for ginkgolides and bilobalide. Ginkgolide B and J are isomers with the identical element composition, MS2 
mass spectra for bilobalide (b), ginkgolide J (c), B (d), C (e) and A (f) 
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3.1. Identification of Ginkgo Terpene 
Lactones (1,3,4,9,12) 

Ginkgolides and bilobalide are unique compounds in G. 
biloba [2]. These compounds were mainly identified 
basing on the data of accurate mass and chemical formulas. 
The extracted ion chromatogram for ginkgolides and 
terpene lactones was shown in Figure 2, and five peaks 
appeared. 

Compound 1 gave a base peak at m/z 325.0926 with 
element composition of C15H17O8. The dimmer ion [2M-
H]- at m/z 651.1930 with element composition of 
C30H35O16 was observed. The information obtained was 
identical with that of bilobalide. Compound 3, 4, 9 and 12 
were identified as ginkgolide J, C, A, and B, respectively, 
whose accurate mass and elemental composition were 
consistent with the corresponding compounds.  

Ginkgolide J and B are isomers with different location 
of –OH groups. When using the deprotonated ion of 
ginkgolide J and B ([M-H]- m/z 423) as extracted ion, two 
compounds appeared (3 and 12). They yielded the same 
elemental composition C20H23O10 which were consistent 
with ginkgolide J and B. According to previous studies 
[10,18], the retention time of ginkgolide J on C18 column 
was shorter than that of ginkgolide B. Therefore, 

compound 3 was identified as ginkgolide J and compound 
12 as ginkgolide B, respectively. In present study, the 
elution order of bilobalide and ginkgolides followed the 
order: bilobalide, ginkgolide J, C, A, and last ginkgolide B. 

3.2. Identification of Flavonoid Glycosides 
The elucidation procedures for flavonoid glycosides 

Lots of literatures revealed that flavonoid glycosides 
would give a significant [M-H]- ion under –ESI mode. 
During the MS/MS analysis, [M-H]- ion would expel 
sugar chain to form an obvious peak of aglycone ion (Y0

-) 
or radical aglycone ion ([Y0-H]- · ) (scheme 1). By 
calculating the mass loss between the [M-H]- ion and Y0

- 
ion, the number and type of sugar residue can be 
differentiated. The glycosylation position could also be 
pointed out by comparing the abundance of Y0

- or [Y0-H]-

as well as some characteristic ions [13,14,17]. 
In present study, the above points would be followed 

when characterizing the structure of flavonoid glycosides, 
as well as referring to the compounds after searching the 
Chemspider data source. The ion fragmentation 
nomenclature used for flavonoid glycosides and the 
structures of aglycones reported in G. biloba are shown in 
scheme 1. 

 

Scheme 1. Ion fragmentation nomenclature used for flavonoid glycosides, and structures of flavonoid aglycones, ginkgolides and bilobalide reported in 
G. biloba 

mono-glycosides (10,13,14,16,17,23,24) 
A total of 7 monoglycosides were identified. As 

mentioned before, aglycone moiety, sugar group and the 
glycosylation position could be distinguished from their 
MS/MS spectra. A typical fragmentation process, loss of 
sugar chain from [M-H]-, was clearly observed as shown 
in Figure 3. 

Compound 10, 13, 17 and 24 were identified as 
quercetin-3-O-glucoside, quercetin-7-O- glucoside, 
quercetin-3-O-rhamnoside and kaempferol-7-O-
rhamnoside, respectively. Their MS spectra were 
consistent with the literature data [12,13]. Compound 10 
and 13 were isomers with different glucosyl location on 

quercetin skeleton. The glucosylation position could be 
easily distinguished after comparing the abundance of m/z 
300 and 301. The [Y0-H]-· ion of quercetin (m/z 300) was 
very abundance in 3-O-glycosides. 

Compoud 16 gave [M-H]- at m/z 431.0981 (C21H19O10). 
In its MS/MS spectrum, after the elimination of a glucose 
residue (162 Da, glu), m/z 431 gave rise to two main 
product ions at m/z 268 ([Y0-H]-·) and 269 (Y0

-) which 
corresponded to aglycone moiety. The abundance of 
radical ion m/z 268 was greater than that of Y0

- ion m/z 
269, suggesting that the glucosyl group located at C3 
position of aglycone skeleton. Therefore, compound 16 
belonged to the class of 3-O-glucoside. The product ion 
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m/z 269 was correlated with trihydroxyflavone where 
there was a –OH group at C3 position. After searching the 
Chemspider data source, two possible compounds were 
found: 3,5,7-trihydroxyflavone and 3,5,4’-
trihydroxyflavone. Since 3,5,4’-trihydroxyflavone could 
produce m/z 211 basing on the structure, therefore 
compound 16 was tentatively deduced as 3,5,4’-
trihydroxyflavone-3-O-glucoside, and the possible 
fragmentation pathway was shown in Figure 3. The 
fragment ions at m/z 341 ([M-H-90]-) and 311 ([M-H-
120]-) were generated from the cross-ring cleavage of 
glucose moiety at 0, 3 site and 0, 2 site, respectively. To 
our knowledge, this compound was not reported from G. 
biloba extracts. 

As shown in Table 1, there were three monoglycoside 
isomers (14, 17 and 23) showing [M-H]- ion at m/z 
447.093 with identical chemical composition of C21H19O11. 
The MS/MS spectrum of compound 17 was significantly 

different from the other two isomers where m/z 300 and 
301 were the main product ions (assigned as quercetin). 
By calculating the mass loss from m/z 447 to main product 
ion m/z 301, a rhamnose residue (146 Da, rha) was found. 
Compound 17 was finally identified as quercetin-3-O-
rhamnoside and its MS/MS data was identical to the 
literature report [13]. The other two isomers (14 and 23) 
exhibited similar MS/MS spectra with common product 
ions at m/z 285 (assigned as kaempferol) and the same 
mass loss of 162 Da from [M-H]-. The information 
obtained indicated that these two compounds were 
isomers with different substitution of glucosyl on 
kaempferol. After comparing with the literature data [12], 
compounds 14 was proposed to be kaempferol-7-O-
glucoside. Taking into account of compound 23, only one 
product ion m/z 285 was observed corresponding to 
aglycone skeleton. It could be concluded to be 
kaempferol-4´-O-glucoside. 

 

Figure 3. MS/MS spectra for monoglycosides (10,13,14,16,17,23,24) 

Diglycosides (5,8,11,15,18,19,21,22) 
Eight diglycosides and two groups of isomer among 

them were found. Their MS/MS spectra were shown in 
Figure 4. When deducing the structures of diglycoside, 
whether the two sugar residues were linked (O-
diglycoside) or not (di-O-glycoside) could be 
distinguished by investigating the appearance of two 
possible losses of sugar unit and [Y0-2H]- ion [12.15]. 

Compound 8 and 15 were isomers. They gave [M-H]- 
ion at m/z 609.145 and element composition of C27H29O16. 
In their MS/MS spectra, after a 308 Da loss (one rha unit 
and one glu unit), higher abundance of [Y0-H]-·at m/z 300 
(assigned as quercetin) was observed. It could be deduced 

that the sugar units were linked together and the sugar 
chain was located at C3 position of quercetin skeleton. 
Two known compounds named quercetin-3-O-rutinoside 

and quercetin-3-O-rha-glu, isolated from in G. biloba [19], 
were the possible compounds. The MS/MS spectrum of 
compound 8 showed a minor ion at m/z 463 
(corresponding to a 146 Da loss) indicating rhamnose 
residue was at the terminal side of the sugar chain, and the 
MS/MS spectrum of compound 15 showed a minor ion at 
m/z 447 (corresponding to a 162 Da loss) indicating 
glucose residue was at the terminal side of the sugar chain. 
Therefore compound 8 was identified as quercetin-3-O-
rutinoside, while compound 15 was quercetin-3-O-rha-glu. 
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Figure 4. MS/MS spectrum for diglycosides (5,8,11,15,18,19,21,22) 

Compound 18 and 22 were a pair of isomers with 
identical element composition of C27H29O15 at [M-H]- ion 
m/z 593.150. These two compounds were found 
containing a rhamnose residue, a glucose residue and a 
kaempferol skeleton. Dissociation of [M-H]- m/z 593 of 
compound 18 showed a loss of 308 Da (corresponding to 
a diglycosyl group) and yielded directly major fragment 
ion m/z 285 (assigned as kaempferol), indicating the sugar 
chain was located at C7 position of kaempferol. Minor ion 
at m/z 447 (146 Da loss from m/z 593, corresponding to a 
rhamnose residue) suggested that rhamnose group was at 
the terminal side of sugar chain. Therefore, compound 18 
was identified as kaempferol-7-O-rutinoside. The MS/MS 
spectra of compound 22 showed a minor ion at m/z 431 
(corresponding to a 162 Da loss) indicating glucose 
residue was at the terminal side of sugar chain. Therefore 
compound 22 was identified as kaempferol-3-O-rha-glu.  

Compound 5, 11, 19 and 21 gave a diglycosyl loss (308 
Da) yielding directly the aglycone moiety of m/z 317, 331, 
315 and 345, respectively. Compound 5, 11 and 19 were 
therefore tentatively characterized as compounds 
myricetin-3-O-rha-glu, 3’-methoxymyricetin-3-O-
rutinoside, isorhamnetin-3-O- rutinoside and syringetin-3-
O-rutinoside, respectively. There are –OCH3 groups 
located in the B ring of aglycone skeleton for compound 
11, 19 and 21, which would affect the producing of [Y0-
H]-· in their MS/MS spectra. 
Triglycosides (2,6,7,20,25,26) 

Four peaks exhibited [M-H]- ions at m/z 755. However, 
their accurate masses and element composition data were 
not exactly identical. Compound 2 and 6 gave C33H39O20, 
while compound 20 and 26 gave C36H35O18, respectively. 

The four peaks were classified into two groups, which 
represented different chemical formulas. Their MS/MS 
spectra were shown in Figure 5. 

Compound 2 and 6 were triglycosides basing on the 
mass loss from precursor ion to aglycone ion. According 
to the MS/MS spectrum of the [M-H]- m/z 755 of 
compound 2, the compound was a triglycosylated 
kaempferol containing a rhamnose unit and two glucose 
units. The spectrum showed two possible decomposition 
processes. First, the ion [M-H]- m/z 755 eliminated an 
isolated glucose residue (162 Da) to form the major 
fragment ion at m/z 593, followed by a diglycosyl unit loss 
(308 Da) to yield aglycone ion m/z 285. It was therefore 
proposed that a glucose unit was located at C7 position of 
kaempferol skeleton. Second, the ion [M-H]- m/z 755 also 
lost the diglycosyl radical (309 Da), which was proposed 
at C3 position, to form a radical ion m/z 446, followed by 
the loss of glucose unit to form m/z 283. Neutral loss of 
120 Da from m/z 755 to produce m/z 635 was observed. 
Compound 2 was finally identified as kaempferol-3-O-
rutinoside-7-O-glucoside. 

Compound 6 was a triglycosides of quercetin, with 
sugar moiety containing two rhamnose units, and a 
glucose unit. In its MS/MS spectrum, precursor ion m/z 
755 eliminated a triglycosyl to yield directly the aglycone 
moiety ion m/z 300 without producing other high 
abundance ions, indicating the sugar units were probably 
linked together and located at C3 position of quercetin. A 
minor ion at m/z 609 (corresponding to a 146 Da loss) 
indicating rhamnose residue was at the terminal side of 
sugar chain. The interglycosidic linkage type within the 
three monosacchrides could not be proposed because no 
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supported data were found. The chemical formula 
obtained for compound 6 was consistent with a known 

compound named quercetin-3-O-glu-rha-rha. Compound 6 
was therefore tentatively identified. 

 

Figure 5. MS/MS spectrum for triglycosides (2, 6, 7, 20, 25, 26) 

Compound 20 and 26 were structurally similar basing 
on their homological product ions in their MS/MS spectra. 
The presence of ions at m/z 301 and 300 suggested that 
these two compounds were isomers containing quercetin 
as aglycone skeleton. Basing on the greater abundance of 
m/z 300 than that of m/z 301 and the absence of [Y0-2H]- 
ion (the diagnostic ion of 3,7-di-O-glycosides), these 
compounds were proposed to be 3-O substituted 
glycosides. The chemical formulas obtained for these two 
compounds were consistent with a known compound 
named quercetin-3-O-rha-glu-coumaroyl, which was 
found in G. biloba [19]. Therefore, compound 20 and 26 
were proposed as structural isomers of the above known 
compound. Coumaroyl group was at the terminal side of 
sugar chain. The interglycosidic linkage pattern within 
rhamnose unit and coumaroyl residue might be different 
between these two compounds. However, there was no 
supported data exhibited in the MS/MS spectra to 
differentiate the structures. 

Two peaks (7, 25) were observed in the extracted ion 
chromatogram of m/z 739. However, they showed 
difference between their high resolution MS data. 
Compound 7 gave [M-H]- ion at m/z 739.2089 with 
C33H39O19, which was consistent with a known compound 
named kaempferol-3-O-glu-rha-rha found in G. biloba. 
Thus, peak 7 was tentatively identified. 

Compound 25 gave [M-H]- ion at m/z 739.1876 with 
C36H35O17. The chemical formula obtained from high-
resolution MS was consistent with a known compound 
named kaempferol -3-O-rha-glu-coumaroyl, which was 
determined in G. biloba [19]. It was therefore tentatively 
identified. 

4. Conclusion 
To summarize, 26 compounds including 5 ginkgo 

terpene lactones and 21 flavonoid glycosides were 

identified by the proposed high-resolution UPLC-MS 
method. The structural isomers were assigned according to 
their fragment patterns. High-resolution mass 
spectrometer provides a powerful technique to 
differentiate the chemical formulas of compounds with the 
same unit molecular weight. For example, there were four 
compounds giving [M-H]- ion at m/z 775, when using 
high-resolution MS, the four compounds were classified 
into two groups with different element composition. Full 
structural characterization of some of these natural 
compounds was impossible only on the basis of recorded 
MS data, but the elemental composition of the analyzed 
compounds permitted us to make some useful conclusion 
about the structures. The analytical method and data 
reported here could also be valuable for a better 
understanding of the flavonoids compounds in other plants. 
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