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ABSTRACT: To systematically analyze the chemical constituents of Citri Sarcodactylis Fructus (CSF) from different origins, an
efficient approach based on ultraperformance liquid chromatography plus Q-Exactive Orbitrap tandem mass spectrometry (UPLC-
Q-Exactive Orbitrap/MS) detection for the discrimination of chemical components from of 15 batches of CSF from four main
origins was used in this research. Through parent peaks, fragment peaks, fragmentation characteristics, and comparative analysis with
the literature and reference standards, a total of 77 components from the methanol extracts including 18 coumarins, 24 flavonoids,
seven organic acids, three limonoids, and 25 other compounds were detected and identified. Among them, 15 components have not
been reported previously in the CSF. Notably, the stachydrine peak initially showed a higher content in the total ion current
chromatogram. Overall, CSF produced in the Zhejiang province contained a richer variety of chemical compositions. These
observations provided a theoretical basis for the further quality assessment and application of CSF.

1. INTRODUCTION

Citri Sarcodactylis Fructus (CSF, Foshou in China), the dried
fruit of Citrus medica L. var. sarcodactylis Swingle, belongs to
Citrus botany in Rutaceae.1 CSF has a long cultivation history
in China, which is widely distributed in Guangdong, Guangxi,
Zhejiang, Sichuan, and Yunnan provinces.2 As a medicinal and
edible plant, CSF shows various pharmacological effects of
antitumor, neuroprotection, antioxidation, anti-inflammatory,
antimicrobial, antiblood pressure, lipid-lowering, and antianxi-
ety.3−11

Due to the complex compositions and diverse types of
natural medicinal plants, it is difficult to separate and identify
their ingredients. With a high separation efficiency, a fast
scanning speed, a high throughput, a high resolution, and high
sensitivity, Q-Exactive Orbitrap tandem mass spectrometry
(UPLC-Q-Exactive Orbitrap/MS) technology combines the
separation capabilities of chromatography and the qualitative
functions of mass spectrometry are widely used in the
component analysis of complex systems of traditional Chinese

medicine.2,12,13 It is especially suitable for the qualitative
identification of complex natural plant systems and the
discovery of new compounds lacking reference substances.14

At present, research on CSF mainly concentrated on its
pharmacological activity,6,7 and the components mostly
focused on were essential oil,6,7 and coumarins15,16 such as
5,7-dimethoxycoumarin, 7-hydroxycoumarin, scopoletin, and
bergapten, as well as flavonoids such as hesperidin,17 however,
few research systematically reported on the chemical
components of CSF. In addition, CSF has a wide range of
production areas, and different growth environment and
geographical locations may result in intermingled quality and
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differences in compositions. For a better comprehensive
comparison, an analysis of the compositions from different
origins was provided as a reference for evaluating the quality of
CSF.

2. RESULTS AND DISCUSSION

In this work, more than 77 peaks were efficiently separated and
detected within 40 min in the total ion current (TIC)
chromatogram in positive ion modes via a UPLC-Q Exactive
Orbitrap/MS system. The CSF extract samples were able to be
isolated in the positive-ion mode, where the detection signal
and resolution were both better than those in the negative-ion
one. The TIC of extract samples and mixed reference
standards is shown in Figure 1. According to the peak time,
standards, and relevant literature, 77 compounds were
separated and identified within 40 min, and are shown in
detail in Table 1, including 18 coumarins, 24 flavonoids, seven

organic acids, three limonoids, and 26 other compounds.
Among them, 15 components were detected in the CSF for the
first time: five flavonoids including eriocitrin, eriodictyol,
astragalin, isotrifoliin, and glabrone; two coumarins including
isopimpinellin and isofraxidin; one organic acid, p-hydroxycin-
namic acid; and seven other compounds including oleamide,
erucamide, stachydrine, coniferin, o-veratraldehyde, 6-hydrox-
yindole, and linderalactone. Chemical structures of 77
compounds that were tentatively identified are shown in detail
in Figure 2. This discovery provides a new direction for follow-
up research on the quantitative analysis, component separa-
tion, and pharmacological activity of CSF.

2.1. Identification of Coumarins. Coumarins are a kind
of natural compounds with a benzo-α-pyranone parent
nucleus,18 and are the primary constituents in the CSF
extracts.15,17 Twenty coumarins were identified in the CSF
extracts. In the positive mode, these kinds of compounds may

Figure 1. Total ion chromatograms of CSF (A) and the mixed reference standards (B).

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c02124
ACS Omega 2021, 6, 17045−17057

17046

https://pubs.acs.org/doi/10.1021/acsomega.1c02124?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02124?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02124?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02124?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c02124?rel=cite-as&ref=PDF&jav=VoR


T
ab
le

1.
Su

m
m
ar
y
of

C
om

po
un

ds
Id
en
ti
fi
ed

in
C
SF

by
U
P
LC

-Q
E
xa
ct
iv
e
O
rb
it
ra
p/
M
S

no
t R

(m
in
)

[M
+
H
]+

(m
/z
)

m
aj
or

se
co
nd
ar
y
fr
ag
m
en
t
io
ns

(M
S/
M
S)

co
m
po
un
d

fo
rm

ul
as

id
en
tif
ic
at
io
n

C
ou
m
ar
in
s

13
2.
24

32
5.
09
14

29
3.
09
21
,2

19
.0
57
0,

18
2.
05
81
,1

63
.0
38
8,

15
0.
76
22
,1

35
.0
44
0,

10
7.
04
94
,9

1.
05
47
,8

5.
02
90

C
15
H

16
O

8
sk
im
m
in

14
2.
33

20
9.
04
43

19
4.
02
10
,1

81
.0
49
7,

17
7.
05
24
,1

67
.0
70
3,

16
5.
05
49
,1

63
.0
38
9,

15
5.
07
02
,1

53
.0
54
7,

14
9.
02
34
,1

35
.0
44
1,

12
1.
02
86
,1

07
.0
49
5,

91
.0
54
6,

79
.0
55
0,

65
.0
39
2

C
10
H

8O
5

fr
ax
et
in

15
2.
83

19
3.
04
98

17
8.
02
60
,1

65
.0
54
5,

15
0.
03
12
,1

37
.0
59
6,

13
3.
02
85
,1

22
.0
36
4,

11
7.
03
38
,1

07
.9
60
2,

10
5.
07
01
,9

1.
05
49
,7

7.
03
92
,5

6.
96
55

C
10
H

8O
4

is
os
co
po
le
tin

16
3.
08

35
5.
10
23

23
5.
51
71
,1

93
.0
49
7,

17
8.
02
61
,1

65
.0
54
6,

14
9.
05
97
,1

37
.0
59
8,

13
3.
02
85
,1

22
.0
36
4,

89
.0
39
0,

73
.0
29
1

C
16
H

18
O

9
sc
op
ol
in

19
7.
80

16
3.
03
91

14
9.
04
50
,1

39
.9
82
1,

13
5.
04
41
,1

19
.0
49
3,

10
7.
04
94
,9

5.
04
95
,9

1.
05
47
,8

4.
96
04
,7

9.
05
48
,6

8.
99
79
,6

1.
63
60
,5

3.
03
95

C
9H

6O
3

7-
hy
dr
ox
yc
ou
m
ar
in

21
8.
40

19
3.
04
98

17
8.
02
58
,1

65
.0
54
5,

15
0.
03
09
,1

37
.0
59
5,

13
3.
02
83
,1

22
.0
36
2,

11
7.
03
34
,1

07
.9
60
0,

94
.0
41
5,

81
.0
33
9,

66
.0
47
3

C
10
H

8O
4

sc
op
ol
et
in

37
12
.1
4

22
3.
06
04

20
8.
03
65
,1

95
.0
17
6,

19
0.
02
60
,1

79
.0
33
8,

16
7.
07
03
,1

62
.0
31
1,

15
1.
03
92
,1

34
.0
36
3,

11
0.
03
66
,1

06
.0
41
6,

95
.0
49
5,

78
.0
47
0,

73
.0
29
0,

56
.9
65
6

C
11
H

10
O

5
fr
ax
in
ol

45
14
.4
3

17
7.
05
47

16
2.
03
09
,1

49
.0
59
9,

13
5.
11
69
,1

33
.0
64
9,

13
1.
08
54
,1

21
.0
65
0,

11
8.
04
16
,1

03
.0
54
6,

91
.0
54
8,

79
.0
54
9,

69
.0
70
5,

57
.7
38
4,

53
.0
39
4

C
10
H

8O
3

7-
m
et
ho
xy
co
um

ar
in

46
14
.7
6

30
5.
10
22

26
3.
14
25
,2

03
.0
33
9,

17
5.
03
93
,1

59
.0
44
1,

14
7.
04
41
,1

31
.0
49
2,

11
9.
04
94
,9

1.
05
47
,6

7.
05
48
,5

9.
05
00
,5

7.
07
07

C
16
H

16
O

6
ox
yp
eu
ce
da
n
hy
dr
at
e

47
15
.1
5

31
7.
10
2

29
9.
09
10
,2

73
.0
75
5,

24
5.
04
46
,2

33
.0
44
5,

23
1.
02
88
,2

18
.0
21
9,

21
7.
01
30
,2

03
.0
33
9,

18
8.
01
04
,1

75
.0
39
1,

16
0.
01
55
,1

19
.0
49
4,

91
.0
54
8,

89
.0
39
0,

85
.0
65
4,

67
.0
55
0,

65
.0
39
3

C
17
H

16
O

6
by
ak
an
ge
lic
ol

49
17
.2
3

20
7.
06
54

19
2.
04
17
,1
79
.0
70
2,
16
4.
04
67
,1
63
.0
75
3,
15
1.
07
54
,1
49
.0
23
3,
14
8.
05
18
,1
39
.0
75
3,
12
1.
06
50
,1
03
.0
54
5,
91
.0
54
7,
79
.0
54
8,
65
.0
39
3

C
11
H

10
O

4
5,
7-
di
m
et
ho
xy
co
um

ar
in

51
17
.7
4

21
7.
04
95

20
2.
02
60
,1

78
.0
25
9,

17
4.
03
12
,1

73
.0
59
8,

16
1.
05
95
,1

46
.0
36
3,

13
1.
04
92
,1

18
.0
41
6,

11
5.
05
45
,9

1.
05
45
,7

3.
29
02
,5

3.
66
08

C
12
H

8O
4

be
rg
ap
te
n

52
17
.7
5

24
7.
05
96

23
2.
03
63
,2

17
.0
13
0,

20
7.
06
61
,1

89
.0
18
0,

16
1.
02
32
,1

33
.0
28
7,

10
6.
08
68
,9

5.
01
31
,8

1.
08
39
,5

7.
07
06

C
13
H

10
O

5
is
op
im
pi
ne
lli
n

55
19
.5
1

28
7.
09
13

25
7.
67
65
,2

40
.9
09
7,

20
3.
03
38
,1

75
.0
39
1,

15
9.
04
41
,1

47
.0
44
0,

13
1.
04
91
,1

19
.0
49
2,

91
.0
54
7,

85
.0
65
3,

67
.0
54
9,

59
.0
49
9

C
16
H

14
O

2
ox
yp
eu
ce
da
ni
n

64
21
.4
3

22
3.
05
99

20
8.
03
67
,1

93
.0
13
2,

18
0.
04
18
,1

79
.0
33
7,

16
7.
07
02
,1

65
.0
18
3,

16
3.
03
38
,1

52
.0
46
5,

14
9.
05
94
,1

39
.0
75
0,

13
7.
02
28
,1

35
.0
44
3,

13
4.
03
63
,1

19
.0
49
2,

10
6.
04
16
,9

1.
05
47
,7

9.
05
47
,6

7.
05
49

C
11
H

10
O

5
is
of
ra
xi
di
n

68
23
.5
2

27
1.
09
61

24
9.
11
67
,2

27
.1
04
9,

21
6.
77
90
,2

03
.0
33
9,

17
5.
03
89
,1

59
.0
44
1,

14
7.
04
41
,1

31
.0
49
2,

11
9.
04
94
,1

19
.0
49
4,

10
3.
05
46
,9

1.
05
48
,

81
.0
70
2,

69
.0
70
6,

65
.0
39
2

C
16
H

14
O

4
is
oi
m
pe
ra
to
ri
n

69
23
.5
9

19
3.
04
97

17
8.
02
60
,1

65
.0
54
9,

14
9.
05
98
,1

37
.0
59
8,

13
4.
03
63
,1

21
.0
65
0,

10
9.
06
12
,1

05
.0
33
8,

91
.0
54
6,

79
.0
54
8,

67
.0
18
6,

53
.0
39
2

C
10
H

8O
4

5,
7-
di
hy
dr
ox
y-
4-
m
et
hy
lc
ou
m
ar
in

70
23
.9
3

24
5.
11
7

22
9.
08
61
,2

15
.0
70
4,

20
1.
05
47
,1

87
.0
38
9,

17
5.
03
93
,1

59
.0
44
0,

13
3.
06
45
,1

21
.0
65
0,

91
.0
54
7,

79
.0
54
7,

69
.0
70
6,

55
.0
54
9

C
15
H

16
O

3
su
be
ro
si
n

Po
ly
m
et
ho
xy

Fl
av
on
es

53
18
.8
6

36
1.
09
20

34
6.
06
83
,3

45
.0
60
6,

33
1.
04
49
,3

30
.0
36
5,

31
8.
07
31
,3

15
.0
50
7,

30
3.
05
00
,3

01
.0
34
7,

28
5.
03
92
,2

57
.0
44
9,

22
9.
04
95
,2

01
.0
54
6,

16
9.
01
32
,1

21
.0
28
6,

95
.0
49
8,

68
.9
97
6

C
18
H

16
O

8
5,
7,
3′
-t
ri
hy
dr
ox
y-
6,
4′
,5
′-t
ri
m
et
ho
xy
fla
vo
ne

57
19
.6
1

40
3.
13
88

38
8.
11
51
,3

73
.0
91
6,

35
8.
06
80
,3

27
.0
85
9,

30
1.
07
04
,2

58
.0
52
3,

22
9.
03
38
,2

11
.0
23
6,

18
3.
02
88
,1

65
.0
54
6,

12
7.
03
89
,9

9.
04
45
,

68
.9
97
6

C
21
H

22
O

8
no
bl
ile
tin

60
20
.4
9

33
1.
08
13

31
6.
05
79
,3

15
.0
50
0,

30
1.
03
43
,2

88
.0
62
8,

28
5.
03
97
,2

73
.0
39
4,

25
7.
04
42
,2

45
.0
44
4,

22
9.
04
99
,1

99
.0
39
1,

16
9.
01
35
,1

48
.0
52
1,

13
5.
04
41
,1

21
.0
65
0,

91
.0
54
7,

68
.9
97
8

C
17
H

14
O

7
ja
ce
os
id
in

61
20
.9
3

37
3.
12
86

35
8.
10
48
,3

43
.0
81
3,

32
8.
05
76
,2

97
.0
75
8,

27
1.
05
99
,2

54
.0
57
2,

22
9.
03
18
,2

11
.0
23
8,

19
3.
01
34
,1

83
.0
28
9,

16
8.
00
50
,1

35
.0
44
1,

99
.0
44
2,

69
.0
34
2

C
20
H

20
O

7
ta
ng
er
et
in

65
21
.6
8

38
9.
12
20

37
4.
09
86
,3

59
.0
75
3,

34
1.
06
49
,3

16
.0
57
1,

28
5.
07
61
,2

85
.0
78
1,

26
0.
06
68
,2

27
.0
54
54
8,

21
5.
01
82
,1

78
.1
14
9,

16
9.
01
28
,1

48
.0
51
8,

13
3.
08
57
,1

13
.0
23
2,

89
.0
60
1,

81
.0
70
0

C
20
H

20
O

8
de
m
et
hy
ln
ob
ile
tin

66
22
.0
0

38
9.
12
27

37
2.
23
06
,3

59
.0
75
9,

34
8.
01
27
,3

31
.0
60
7,

25
7.
08
09
,2

15
.0
69
9,

17
7.
11
21
,1

65
.0
54
6,

15
3.
01
81
,1

33
.0
85
9,

10
7.
06
99
,8

9.
06
02
,

69
.0
70
0

C
21
H

22
O

11
ar
te
M
iti
n

O
th
er

Fl
av
on
oi
ds

23
10
.1
4

43
3.
11
27

41
6.
25
72
,3

97
.0
91
9,

36
7.
06
13
,3

23
.0
90
6,

31
3.
07
05
,2

83
.0
60
0,

25
6.
07
31
,2

17
.0
49
3,

18
7.
03
94
,1

77
.1
12
1,

14
5.
02
83
,1

33
.0
86
0,

12
1.
02
85
,8

9.
06
02
,8

1.
03
41

C
21
H

20
O

10
vi
te
xi
n

25
10
.3
2

46
5.
10
26

34
5.
06
61
,3

15
.0
60
9,

30
3.
05
00
,2

85
.0
39
5,

25
7.
04
46
,2

29
.0
40
6,

20
1.
05
47
,1

53
.0
18
4,

97
.0
28
8,

86
.0
29
0,

69
.0
34
2

C
21
H

20
O

12
is
ot
ri
fo
lii
n

26
10
.3
3

43
3.
11
27

41
5.
10
25
,3

97
.0
91
9,

36
7.
06
12
,3

37
.0
70
4,

31
3.
07
05
,2

83
.0
60
0,

26
7.
06
52
,2

29
.0
49
5,

19
5.
02
90
,1

65
.0
18
2,

14
9.
02
33
,1

21
.0
28
5,

10
9.
02
90
,8

9.
06
02
,8

1.
03
40

C
21
H

20
O

10
is
ov
ite
xi
n

27
10
.3
5

30
3.
04
96

28
5.
03
95
,2

57
.0
44
3,

24
7.
06
08
,2

29
.0
49
5,

21
9.
06
57
,2

01
.0
54
5,

18
3.
02
88
,1

65
.0
18
3,

15
3.
01
82
,1

37
.0
23
4,

12
1.
02
86
,9

5.
04
96
,

68
.9
97
8

C
15
H

10
O

7
qu
er
ce
tin

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c02124
ACS Omega 2021, 6, 17045−17057

17047

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c02124?rel=cite-as&ref=PDF&jav=VoR


T
ab
le

1.
co
nt
in
ue
d

no
t R

(m
in
)

[M
+
H
]+

(m
/z
)

m
aj
or

se
co
nd
ar
y
fr
ag
m
en
t
io
ns

(M
S/
M
S)

co
m
po
un
d

fo
rm

ul
as

id
en
tif
ic
at
io
n

O
th
er

Fl
av
on
oi
ds

28
10
.3
5

66
1.
16
03

46
5.
10
27
,3

45
.0
58
4,

31
5.
04
99
,3

03
.0
49
8,

28
5.
03
95
,2

29
.0
49
4,

20
1.
05
44
,1

95
.0
30
5,

16
5.
01
83
,1

61
.0
59
2,

15
3.
01
81
,1

37
.0
23
3,

12
9.
05
45
,9

7.
02
88
,8

5.
02
89
,7

1.
04
98

C
27
H

30
O

16
ru
tin

29
10
.4
7

59
7.
18
12

43
5.
12
86
,3

99
.1
07
5,

33
1.
08
11
,3

01
.0
70
3,

28
9.
07
05
,2

63
.0
54
8,

24
5.
04
43
,2

19
.0
28
7,

19
5.
02
88
,1

71
.0
28
8,

16
3.
03
89
,1

53
.0
18
2,

14
5.
02
84
,1

35
.0
44
1,

12
9.
05
47
,1

11
.0
44
4,

85
.0
29
0

C
27
H

32
O

15
er
io
ci
tr
in

30
10
.4
7

28
9.
07
02

27
1.
06
00
,2

47
.0
59
9,

22
9.
12
75
,2

05
.0
49
2,

17
9.
03
38
,1

71
.0
28
6,

16
3.
03
88
,1

53
.0
18
1,

13
5.
04
40
,1

17
.0
33
6,

89
.0
39
0,

67
.0
18
5

C
15
H

12
O

6
er
io
di
ct
yo
l

33
11
.6
9

44
9.
10
74

42
5.
01
41
,3

61
.0
22
9,

32
6.
06
48
,2

99
.0
54
6,

28
7.
05
50
,2

58
.0
51
8,

21
3.
05
48
,1

53
.0
18
3,

97
.0
28
8,

85
.0
29
0,

69
.0
34
2

C
21
H

20
O

11
as
tr
ag
al
in

34
11
.7
1

28
7.
05
47

25
8.
05
20
,2

31
.0
65
0,

21
3.
05
46
,1

83
.0
28
7,

16
5.
01
84
,1

53
.0
18
2,

13
7.
02
33
,1

21
.0
28
6,

11
1.
00
80
,9

5.
04
94
,6

8.
99
78

C
15
H

10
O

6
ka
em

ph
er
ol

35
11
.7
1

59
5.
16
52

50
7.
18
06
,4

61
.1
20
9,

44
9.
10
77
,3

86
.5
18
6,

32
7.
11
89
,2

87
.0
54
9,

26
9.
04
42
,2

41
.0
48
8,

18
9.
05
38
,1

53
.0
18
2,

11
7.
03
38
,8

5.
02
89

C
27
H

30
O

15
ka
em

pf
eo
l-3
-O
-r
ut
in
os
id
e

36
11
.9
6

31
7.
06
52

30
2.
04
19
,2

85
.0
39
0,

25
7.
04
42
,2

29
.0
49
4,

21
7.
04
96
,2

00
.0
46
4,

16
5.
01
81
,1

53
.0
18
1,

13
9.
03
89
,1

21
.0
28
5,

92
.0
26
1,

65
.0
39
3

C
16
H

12
O

7
is
or
ha
m
ne
tin

38
12
.1
8

57
9.
17
02

43
3.
11
26
,3

13
.0
72
8,

28
3.
05
70
,2

71
.0
59
8,

24
7.
05
99
,2

25
.0
55
1,

17
1.
02
86
,1

53
.0
18
1,

85
.0
28
9,

71
.0
49
8

C
27
H

30
O

14
rh
oi
fo
lin

39
12
.7
5

60
9.
18
11

54
9.
19
59
,4

63
.1
23
2,

33
3.
55
35
,3

01
.0
70
4,

28
6.
04
70
,2

58
.0
52
0,

22
9.
04
82
,1

71
.0
28
2,

12
9.
05
46
,8

5.
02
89

C
28
H

32
O

15
di
os
m
in

40
12
.8
9

30
3.
08
60

28
5.
07
60
,2

61
.0
75
2,

21
9.
06
50
,2

01
.0
54
4,

18
3.
02
85
,1

79
.0
33
7,

17
7.
05
45
,1

71
.0
28
7,

16
3.
03
88
,1

51
.0
75
4,

15
3.
01
81
,1

45
.0
28
4,

13
7.
05
96
,1

35
.0
44
0,

11
7.
03
36
,1

11
.0
07
9,

89
.0
39
0,

83
.0
13
3,

67
.0
18
5

C
16
H

14
O

6
he
sp
er
et
in

41
12
.8
9

61
1.
19
64

53
7.
97
14
,4

49
.1
43
9,

41
3.
12
28
,3

45
.0
96
5,

30
3.
08
60
,2

63
.0
54
7,

24
5.
04
41
,2

19
.0
28
7,

19
5.
02
87
,1

91
.0
33
7,

17
9.
03
37
,1

77
.0
54
5,

16
3.
03
87
,1

53
.0
18
1,

14
9.
05
96
,1

29
.0
54
6,

85
.0
28
9

C
28
H

34
O

15
he
sp
er
id
en

48
16
.6
9

30
1.
07
03

28
6.
04
70
,2

69
.0
45
6,

25
8.
05
21
,2

29
.0
49
2,

20
5.
12
06
,1

77
.0
54
2,

15
3.
01
80
,1

53
.0
18
0,

13
3.
08
57
,1

05
.0
69
8,

89
.0
60
1,

69
.0
70
6

C
16
H

22
O

8
di
os
m
et
in

58
20
.0
8

33
1.
08
12

31
6.
05
78
,3

01
.0
34
0,

28
5.
03
93
,2

73
.0
39
4,

25
7.
04
44
,2

42
.0
57
3,

21
4.
06
29
,1

86
.0
15
9,

14
8.
05
19
,1

21
.0
64
9,

91
.0
54
7,

68
.9
97
7

C
17
H

14
O

7
ir
is
te
ct
or
ig
en
in
a

71
24
.0
4

33
7.
10
64

31
9.
09
62
,3

07
.0
59
5,

29
3.
07
99
,2

78
.0
77
9,

24
8.
06
27
,2

19
.0
64
6,

20
1.
05
44
,1

91
.0
33
4,

16
3.
03
90
,1

45
.0
64
6,

12
1.
02
85
,1

05
.0
70
2,

91
.0
54
6,

68
.9
97
8

C
20
H

16
O

5
gl
ab
ro
ne

Li
m
on
oi
ds

54
19
.0
3

47
1.
20
13

45
3.
19
00
,4

25
.1
95
8,

40
9.
20
17
,3

83
.1
84
9,

36
7.
19
02
,3

39
.1
95
0,

30
5.
15
46
,2

79
.1
39
0,

25
1.
10
73
,2

13
.0
91
2,

18
7.
07
53
,1

61
.0
59
7,

13
3.
06
49
,1

05
.0
70
2,

95
.0
13
2,

79
.0
54
8

C
26
H

30
O

8
lim

on
in

59
20
.1
8

51
5.
22
72

46
9.
22
23
,4

55
.2
06
9,

43
7.
19
65
,4

11
.2
16
7,

39
3.
20
60
,3

41
.2
10
8,

28
9.
12
22
,2

49
.1
27
1,

21
5.
10
68
,2

05
.0
49
7,

18
7.
07
58
,1

61
.0
59
8,

13
3.
06
49
,1

05
.0
70
3,

79
.0
54
9

C
28
H

34
O

9
no
m
ili
n

62
21
.3
2

45
5.
20
64

43
7.
19
62
,4

09
.2
01
0,

39
1.
19
02
,3

49
.1
43
9,

31
5.
13
81
,3

03
.1
37
9,

23
5.
11
17
,2

09
.0
96
4,

17
5.
07
55
,1

61
.0
59
8,

13
3.
06
49
,1

05
.0
70
2,

95
.0
13
2,

81
.0
34
1

C
26
H

30
O

7
ob
ac
un
on
e

O
rg
an
ic
A
ci
ds

4
0.
93

12
4.
03
94

14
0.
03
45
,1

12
.0
39
4,

97
.8
55
8,

96
.0
44
8,

90
.0
20
0,

82
.9
28
6,

80
.0
50
1,

78
.0
34
3,

64
.9
27
8,

53
.0
39
3

C
6H

5O
2N

ni
co
tin

ic
ac
id

10
1.
80

16
9.
04
93

16
2.
56
43
,1
54
.0
25
7,
15
1.
03
89
,1
41
.0
54
8,
12
8.
01
91
,1
25
.0
59
7,
12
1.
10
12
,1
11
.0
44
3,
10
5.
07
01
,9
3.
03
39
,8
1.
07
04
,6
7.
05
49
,6
5.
03
93
,

55
.0
54
9

C
8H

8O
4

va
ni
lli
n
ac
id

17
4.
06

22
5.
07
56

21
4.
10
57
,2

07
.0
65
2,

19
2.
04
16
,1

79
.0
70
1,

17
5.
03
90
,1

64
.0
46
9,

15
5.
07
05
,1

47
.0
44
1,

13
2.
02
06
,1

19
.0
49
4,

10
7.
04
94
,9

5.
04
97
,

91
.0
54
7,

79
.0
54
8,

65
.0
39
3

C
11
H

12
O

5
si
na
pi
c
ac
id

22
9.
07

19
5.
06
50

18
6.
05
50
,1

77
.0
54
7,

17
1.
95
90
,1

63
.0
39
0,

15
3.
94
85
,1

49
.0
59
9,

14
5.
02
85
,1

35
.0
44
2,

12
1.
06
48
,1

17
.0
33
8,

10
9.
95
90
,1

06
.0
41
8,

95
.0
49
6,

89
.0
39
2,

79
.0
54
7

C
10
H

10
O

4
fe
ru
lic

ac
id

42
13
.0
3

16
5.
05
44

15
2.
55
74
,1

47
.0
43
9,

14
1.
96
48
,1

23
.0
44
2,

11
9.
04
93
,1

11
.0
44
1,

10
3.
05
46
,9

5.
04
95
,9

1.
05
47
,8

2.
92
87
,8

2.
92
87
,6

5.
03
92
,5

6.
96
55

C
9H

8O
3

p-
hy
dr
ox
yc
in
na
m
ic
ac
id

43
13
.6
3

19
5.
06
50

18
6.
05
48
,1

77
.0
54
4,

17
1.
95
90
,1

63
.0
38
7,

15
3.
05
47
,1

49
.0
59
6,

14
5.
02
83
,1

35
.0
44
0,

12
1.
06
48
,1

17
.0
33
6,

10
9.
95
88
,9

3.
07
03
,

89
.0
39
0,

86
.9
43
5,

79
.0
54
8,

63
.0
23
2

C
10
H

10
O

4
is
of
er
ul
ic
ac
id

73
25
.6
5

27
9.
23
15

26
1.
22
14
,2

43
.2
10
7,

23
3.
16
89
,2

09
.1
53
1,

20
9.
15
31
,1

87
.1
47
7,

17
3.
13
26
,1

49
.1
32
6,

13
7.
13
24
,1

23
.1
17
0,

10
9.
10
14
,9

5.
08
60
,

93
.0
70
4,

81
.0
70
5,

83
.0
86
1,

79
.0
54
8,

69
.0
70
6,

67
.0
55
0

C
18
H

30
O

2
α
-li
no
le
ni
c
ac
id

O
th
er

C
om

po
un
ds

1
0.
82

11
8.
06
52

10
9.
62
28
,7

2.
08
14
,7

0.
06
58
,5

9.
07
37
,5

8.
06
59
,5

6.
73
22
,5

2.
82
38

C
5H

11
N
O

2
va
lin
e

2
0.
83

14
4.
10
18

10
2.
05
53
,9

2.
49
27
,8

4.
08
13
,7

2.
08
16
,6

0.
89
24
,5

8.
06
59
,5

4.
08
57
7

C
7H

13
O

2N
st
ac
hy
dr
in
e

3
0.
87

18
2.
08
11

16
5.
05
46
,1
54
.0
86
3,
14
7.
04
41
,1
40
.0
71
3,
13
6.
07
57
,1
23
.0
44
2,
11
9.
04
93
,1
07
.0
49
2,
98
.0
60
3,
95
.0
49
6,
91
.0
54
7,
87
.0
44
5,
70
.0
65
7,

53
.0
39
3

C
9H

11
O

3N
ty
ro
si
ne

5
1.
01

11
6.
07
06

96
.0
08
0,

92
.9
99
3,

81
.0
33
8,

74
.0
96
8,

70
.0
65
7,

68
.0
49
9,

60
.0
52
7,

56
.9
65
5,

53
.0
03
0

C
5H

9N
O

2
pr
ol
in
e

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c02124
ACS Omega 2021, 6, 17045−17057

17048

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c02124?rel=cite-as&ref=PDF&jav=VoR


T
ab
le

1.
co
nt
in
ue
d

no
t R

(m
in
)

[M
+
H
]+

(m
/z
)

m
aj
or

se
co
nd
ar
y
fr
ag
m
en
t
io
ns

(M
S/
M
S)

co
m
po
un
d

fo
rm

ul
as

id
en
tif
ic
at
io
n

O
th
er

C
om

po
un
ds

6
1.
06

26
8.
10
35

22
9.
84
14
2,

20
3.
75
06
,1

65
.9
77
3,

13
6.
06
18
,1

29
.8
89
3,

11
9.
03
53
,9

4.
04
03
,7

3.
02
92
,5

7.
03
43

C
10
H

13
O

4N
5

ad
en
os
in
e

7
1.
07

13
2.
10
16

86
.0
98
6,

78
.0
40
6,

73
.0
65
3,

69
.0
70
5,

67
.0
54
6,

58
.0
65
8

C
6H

13
N
O

2
le
uc
in
e

8
1.
07

12
7.
03
9

11
5.
58
70
,1

09
.0
28
7,

99
.0
44
5,

97
.0
28
8,

93
.0
20
8,

83
.0
49
7,

81
.0
34
1,

79
.0
54
7,

71
.0
49
9,

69
.0
34
2,

60
.4
60
6,

57
.0
34
3,

53
.0
39
4

C
6H

6O
3

5-
hy
dr
ox
ym

et
hy
lfu
rf
ur
al

9
1.
09

12
3.
05
44

11
8.
35
06
,1

11
.5
36
1,

10
0.
02
47
,1

06
.0
29
0,

97
.0
28
8,

96
.0
44
8,

95
.0
49
5,

88
.0
23
6,

81
.0
70
4,

80
.0
50
1,

79
.0
18
4,

78
.0
34
4,

76
.5
15
7,

70
.0
13
0,

67
.0
54
9,

56
.9
65
5

C
6H

6O
N

2
ni
co
tin

am
id
e

11
2.
00

20
5.
09
70

18
8.
07
05
,1

83
.0
77
5,

17
0.
05
99
,1

59
.0
91
6,

14
9.
02
33
,1

46
.0
59
9,

14
2.
06
50
,1

32
.0
80
7,

12
7.
05
82
,1

18
.0
65
3,

10
9.
02
87
,9

1.
05
46
,

74
.0
24
3,

60
.0
45
2

C
11
H

12
O

2N
2

tr
yp
to
ph
an

12
2.
15

36
0.
16
49

29
2.
13
93
,2

46
.0
11
3,

19
3.
04
97
,1

81
.0
49
7,

16
3.
07
55
,1

45
.0
49
7,

13
1.
04
93
,1

09
.0
29
0,

10
3.
05
47
,8

5.
02
90
,6

9.
03
43

C
16
H

22
O

8
co
ni
fe
ri
n

18
6.
13

15
3.
05
47

14
8.
02
77
,1
35
.1
16
8,
12
9.
97
89
,1
25
.0
59
8,
12
0.
03
27
,1
11
.0
44
3,
11
0.
03
65
,1
07
.0
85
9,
95
.0
49
6,
93
.0
33
9,
88
.9
52
9,
81
.0
70
5,
70
.9
42
5,

65
.0
39
3,

56
.9
65
6

C
8H

8O
3

va
ni
lli
n

20
7.
81

13
7.
05
97

13
0.
97
21
,1

22
.0
36
7,

10
9.
06
51
,1

05
.0
33
9,

95
.0
49
6,

94
.0
41
8,

91
.0
54
6,

81
.0
70
5,

79
.0
54
9,

77
.0
39
2,

66
.0
47
2,

53
.0
39
3

C
8H

8O
2

an
is
ic
al
de
hy
de

24
10
.3
1

16
7.
07
00

15
5.
07
01
,1

52
.0
46
7,

13
7.
05
96
,1

24
.0
51
6,

10
9.
06
50
,1

05
.0
33
7,

94
.0
41
6,

91
.0
54
5,

81
.0
70
5,

79
.0
54
8,

69
.0
34
1,

66
.0
47
1,

53
.0
39
2

C
9H

10
O

3
o-
ve
ra
tr
al
de
hy
de

31
10
.6
0

24
5.
11
70

22
7.
10
65
,2

17
.1
22
3,

21
2.
12
22
,2

03
.1
06
6,

19
9.
11
17
,1

88
.0
83
0,

18
4.
08
83
,1

71
.1
16
7,

15
8.
09
34
,1

43
.0
85
5,

14
1.
06
96
,1

35
.0
80
5,

13
1.
10
11
,1

23
.0
44
2,

10
7.
08
58
,9

7.
06
52
,9

1.
05
47
,6

9.
03
42
,5

5.
18
8

C
15
H

16
O

3
lin
de
ra
la
ct
on
e

32
11
.5
9

23
3.
15
39

22
7.
05
93
,2

15
.1
43
1,

20
5.
15
83
,1

91
.1
06
5,

18
7.
14
81
,1

77
.0
90
9,

17
3.
13
24
,1

63
.0
75
4,

15
9.
11
69
,1

57
.1
00
9,

14
7.
11
68
,1

45
.1
01
2,

13
3.
10
13
,1

31
.0
85
6,

12
1.
10
14
,1

19
.0
85
7,

10
9.
10
14
,1

05
.0
70
2,

93
.0
70
4,

81
.0
70
5,

67
.0
55
0

C
15
H

20
O

2
2-
at
ra
ct
yl
en
ol
id
e

44
14
.3
1

13
4.
06
00

11
7.
05
71
,1

12
.7
43
5,

10
7.
04
95
,1

00
.7
97
5,

92
.0
50
0,

79
.0
54
8,

65
.0
39
3,

56
.9
65
5

C
8H

7N
O

6-
hy
dr
ox
yi
nd
ol
e

50
17
.5
9

15
1.
11
17

14
6.
02
97
,1

36
.0
88
3,

12
8.
02
03
,1

23
.1
17
0,

11
9.
01
79
,1

05
.0
70
2,

95
.0
86
0,

89
.0
60
0,

81
.0
70
5,

79
.0
54
8,

69
.0
70
6,

67
.0
55
0,

56
.9
65
6

C
10
H

14
O

pe
ri
lle
n

56
19
.5
7

33
1.
08
13

31
6.
05
77
,3

01
.0
33
5,

28
5.
03
92
,2

73
.0
39
2,

25
7.
04
42
,2

45
.0
44
3,

21
7.
04
87
,1

83
.0
28
7,

16
1.
05
99
,1

35
.0
44
0,

11
2.
01
57
,6

8.
99
77

C
17
H

14
O

7
au
ra
nt
io
-o
bt
us
in

63
21
.3
2

13
3.
06
48

13
1.
04
92
,1

15
.0
54
5,

10
7.
04
93
,1

05
.0
70
2,

10
3.
05
46
,9

5.
04
96
,8

9.
06
01
,7

9.
06
15
,7

2.
06
15
,6

1.
00
40
,5

5.
01
06

C
9H

8O
ci
nn
am

al
de
hy
de

67
22
.6
0

19
1.
10
68

17
3.
09
61
,1
63
.1
11
6,
14
9.
95
28
,1
45
.1
01
2,
13
5.
04
42
,1
30
.0
77
7,
12
1.
06
49
,1
17
.0
70
1,
10
5.
96
33
,9
5.
04
96
,9
1.
05
47
,8
3.
04
97
,7
9.
05
48
,

71
.0
49
9,

67
.0
55
0,

55
.0
55
0

C
12
H

14
O

2
lig
us
til
id
e

72
24
.6
1

21
9.
17
46

20
1.
16
36
,1

77
.0
64
2,

17
3.
02
34
,1

63
.0
38
9,

15
9.
11
66
,1

45
.1
01
0,

13
5.
04
41
,1

31
.0
85
6,

11
7.
07
00
,1

07
.0
86
7,

97
.0
65
1,

93
.0
70
3,

79
.0
54
8,

67
.0
54
9,

55
.0
56
0

C
15
H

22
O

ge
rm

ac
ro
ne

74
30
.4
7

28
2.
27
87

26
5.
25
28
,2

47
.2
42
1,

24
0.
26
88
,2

12
.2
00
6,

17
7.
16
41
,1

63
.1
48
3,

14
9.
13
25
,1

67
.1
43
0,

16
3.
14
79
,1

49
.1
32
3,

13
9.
11
16
,1

35
.1
17
0,

12
1.
10
14
,1

11
.1
17
0,

10
7.
08
57
,1

00
.0
76
2,

97
.1
01
6,

95
.0
85
9,

83
.0
86
2,

81
.0
70
4,

69
.0
70
6,

55
.0
55
1

C
18
H

35
N
O

ol
ea
m
id
e

75
33
.0
1

30
7.
26
34

26
1.
22
12
,2

43
.2
10
6,

22
3.
46
83
,2

19
.2
10
7,

19
1.
14
34
,1

73
.1
32
4,

14
5.
10
08
,1

37
.1
32
4,

12
1.
10
14
,1

19
.0
85
7,

12
3.
11
69
,1

09
.1
01
5,

10
7.
08
59
,1

05
.0
70
2,

95
.0
85
9,

83
.0
86
2,

81
.0
70
4,

79
.0
54
8,

67
.0
55
0,

65
.0
39
3

C
20
H

34
O

2
lin
ol
en
ic
ac
id

et
hy
l
es
te
r

76
33
.6
6

29
5.
26
38

27
7.
21
65
,2

63
.2
36
7,

24
5.
22
62
,2

21
.2
26
1,

20
7.
17
44
,1

93
.1
58
6,

18
9.
16
38
,1

79
.1
42
8,

17
5.
14
82
,1

65
.1
27
4,

16
3.
14
76
,1

51
.1
11
6,

14
7.
11
67
,1

35
.1
16
6,

13
3.
10
12
,1

21
.1
01
4,

10
9.
10
14
,9

5.
08
60
,6

9.
07
06
,5

5.
01
86

C
19
H

34
O

2
m
et
hy
l
lin
ol
ea
te

77
35
.0
5

33
8.
34
18

32
1.
31
50
,3

03
.3
04
5,

28
2.
27
91
,2

26
.2
17
1,

21
2.
20
06
,1

77
.1
63
7,

16
3.
14
76
,1

56
.1
38
4,

14
9.
13
24
,1

42
.1
22
6,

13
5.
11
67
,1

14
.0
91
3,

10
9.
10
15
,1

00
.0
76
0,

97
.1
01
6,

95
.0
86
0,

93
.0
70
2,

86
.0
60
5,

85
.1
01
7,

83
.0
86
1,

69
.0
70
6

C
22
H

43
N
O

er
uc
am

id
e

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c02124
ACS Omega 2021, 6, 17045−17057

17049

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c02124?rel=cite-as&ref=PDF&jav=VoR


Figure 2. continued
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exhibit the characteristic ions by losing of 28, 44, 56, 72, and
84 Da by removal of neutral small molecules of CO, CO2,
2CO, (CO + CO2), and 3CO.15

The molecular ions of compounds 15, 21, and 69 were both
at m/z 193.0498 [M + H]+, with similar second-order
fragment ions at m/z 178.0258 [M + H − CH3]

+, 165.0545
[M + H − CO]+, 150.0309 [M + H − CH3 − CO]+, and
149.0598 [M + H − CO2]

+; accordingly, they were found to
be isomers. The retention times of compound 15, compound
21, and compound 69 were, respectively, 8.40 min, 11.59 min,
and 23.59 min. In accordance with the reference standard,
relevant literature,2,19,20 and the Orbitrap Traditional Chinese
Medicine Library (OTCML) database as well as the above
information, compound 15 was finally identified as isoscopo-
letin, compound 21 was determined as scopoletin (fragmenta-
tion pattern shown in Figure 3b), and compound 69 was
identified as 5,7-dihydroxy-4-methylcoumarin.
Furanocoumarins can be divided into linear furanocoumarin

and angular furanocoumarin.21 Due to the construction
features of furanocoumarins, it is easy for them to continuously
lose CO (28 Da) and CO2 (44 Da) groups, so the fragment
ions of these kinds of compounds in the second MS were
characterized by m/z 203 and m/z 158.22 Compounds 46, 47,
51, 52, 55, and 68 belong to the linear furanocoumarins. Take
compounds 46 and 55 for example, which exhibited a
protonated molecular ion at m/z 305.1022 [M + H]+ and

m/z 287.0913 [M + H]+. Compound 46 exhibited diagnostic
fragments at m/z 203.0339 [M + H − C5H10O2]

+, m/z
159.0441 [M + H − C5H10O2 − CO2]

+, 147.0441 [M + H −
C5H10O2 − 2CO]+, 131.0492 [M + H − C5H10O2 − CO2 −
CO]+, and 91.0547 [M + H − C5H10O2 − 4CO]+. Compound
55 exhibited MS2 fragments at m/z 203.0336 [M + H −
C5H8O]

+, m/z 159.0441 [M + H − C5H8O − CO2]
+,

147.0440 [M + H − C5H8O − 2CO]+, 131.0491 [M + H −
C5H8O − CO2 − CO]+, and 91.0547 [M + H − C5H8O −
4CO]+. Both of these compounds conform to the fragmenta-
tion pattern of furanocoumarins. Combined with relevant
literature23 and information above, compound 46 was
confirmed as oxypeucedanin hydrate and compound 55, as
oxypeucedanin. Similarly, in the MS2 spectrogram, compound
68 exhibited a fragment ion at m/z 159.0441 by the loss of
CO2, as well as at m/z 175.0389 and at m/z 147.0441 by the
continuous removal of CO groups. Consequently, compound
68 was determined as isoimperatorin.23

Furthermore, compound 51 exhibited a molecular ion at m/
z 217.0495 [M + H]+ in the positive mode. The second order
spectrum shows fragment ions at m/z 202.0261 and m/z
173.0598, which correspond to the loss of CH3 and CO of the
parent ion, respectively. Therefore, compound 51 was
identified as bergapten15 (the fragmentation pattern is shown
in Figure 3f). In addition, compound 49 was confirmed as 5,7-
dimethoxycoumarin, which was known as a common

Figure 2. Chemical structures of the 77 components that were tentatively identified.
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component in CSF in accordance with the reference standards
(the fragmentation pattern is shown in Figure 3e).
2.2. Identification of Flavonoids. 2.2.1. Identification of

Polymethoxyflavones. Polymethoxyflavones (PMFs) are
known to possess amounts of substituted −OCH3 on the
flavonoid parent nucleus that is rich in Citrus genus.24 In
general, according to the literature, such compounds in the
positive mode exhibited characteristic fragment ions by the loss
of nCH3, consequently m/z [M + H − CH3]

+ and m/z [M +
H − nCH3]

+ were formed.22 High-resolution mass spectrom-
etry data showed that compound 65 exhibited a molecular ion
at m/z 389.1220 [M + H]+, 14 Da (CH2) less than that of
nobiletin, and its MS2 peaks were at m/z 374.0986 [M + H −
CH3]

+ and m/z 359.0753 [M + H − 2CH3]
+, which is in line

with the fragmentation pattern of PMFs. According to
fragmentation information given above, compound 65 was

identified as 5-demethylnobiletin25 (the fragmentation pattern
is shown in Figure 3h).
Compounds 57 and 61 were, respectively, identified as

nobiletin and tangeretin in the light of standard references.
The comprehensive fragmentation pattern of compound 57 is
shown in Figure 3g.

2.2.2. Identification of Other Flavonoids. Besides the
above PMFs, other flavonoids were also identified in this work.
Based on the literature, it is easy for flavonoids to lose some
neutral fragments of CO, CO2, H2O, and CH3 in the MS/MS,
subsequently the retro-Diels−Alder (RDA) reaction occurred.
Under the same collision energy, flavonoid glycosides easily
lose their linked sugar molecules, afterward the RDA reaction
occurs as well.22,26

Glycoside is composed of aglycone and sugar. Analogously,
diosmin is composed of diosmetin, a rhamnose, and a glucose.

Figure 3. Detailed fragmentation patterns of the main fragment ions in positive ion mode for (a) stachydrine; (b) scopoletin; (c) ferulic acid; (d)
hesperetin; (e) 5,7-dimethoxycoumarin; (f) pergapten; (g) nobliletin; and (h) 5-demethylnobiletin.
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Table 2. Chemical Component Differences Among CSF From Different Origins

peak no. compounds S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15

Coumarins
13 skimmin * * * * * * * *
14 fraxetin * * *
15 isoscopoletin * * * * * * * * * * * * * * *
16 scopolin * * * * * * * * * * * * * *
19 7-hydroxycoumarin * *
21 scopoletin * * * * * * * * * * * * * * *
37 fraxinol * * * * * * * * * * * * *
45 7-methoxycoumarin * * * * * * * * * * * * * * *
46 oxypeucedanin hydrate * * * * * * * * * * * * * * *
47 byakangelicol * * * * * * * * * * * * * * *
49 5,7-dimethoxycoumarin * * * * * * * * * * * * * * *
51 bergapten * * * * * * * * * * * * * * *
52 isopimpinellin * *
55 oxypeucedanin * * * * * * * * * * * * * * *
64 isofraxidin * * * * * * * * *
68 isoimperatorin * * * * * * * * * * * * * * *
69 5,7-dihydroxy-4-methylcoumarin * * * * * * * * * * * * * * *
70 suberosin * * * *

Polymethoxyflavones
53 5,7,3′-trihydroxy-6,4′,5′-trimethoxyflavone * * * * * * * * * * * * * * *
57 nobliletin * * * * * * * * * * * * * * *
60 jaceosidin * * * * * * * * * * * * * * *
61 tangeretina * * * * * * * * * * * * * * *
65 demethylnobiletin * * * * * * * * * * * * * * *
66 arteMitin * * * * * * * * * * * * * * *

Other Flavonoids
23 vitexin * * * * * * * * * * * * * * *
25 isotrifoliin * * * * * *
26 isovitexin * * * * * * * * * * * * * * *
27 quercetin * * * * * * * * * * * *
28 rutin * * * * * * * * * * * *
29 eriocitrin * * *
30 eriodictyol * * *
33 astragalin * *
34 kaempherol * * * * * * * * * * * *
35 kaempfeol-3-O-rutinoside * * * * * * * * * * * *
36 isorhamnetin * * * * * * * * * * * *
38 rhoifolin * * * * * * * * * * * * *
39 diosmin * * * * * * * * * * * * * * *
40 hesperetin * * * * * * * * * * * * * * *
41 hesperiden * * * * * * * * * * * * * * *
48 diosmetin * * * * * * * * * * *
58 iristectorigenina * * * * * * * * * * * * * * *
71 glabrone * * *

Limonoids
54 limonoid * * * * * * * * * * * * * * *
59 nomilin * * * * * * * * * * * * * * *
62 obacunone * * * * * * * * * * * * * * *

Organic Acids
4 nicotinic acid * * * * * * * * * * * * * * *
10 vanillin acid * * * * * * * * * *
17 sinapic acid * * * * * * * * * * * *
22 ferulic acid * * * * * * * * * * * * * *
42 p-hydroxycinnamic acid * * * * * * * * * * *
43 isoferulic acid * * * * * * * * * * * * * * *
73 α-linolenic acid * * * * * * * * * * * * * * *

Other Compounds
1 valine * * * * * * *
2 stachydrine * * * * * * * * * * * * * * *
3 tyrosine * * * * * * * * * * * * * *
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Compound 39 exhibited a [M + H]+ peak at m/z 609.1811; its
MS2 fragment ions m/z 463.1232 and m/z 301.0704 were due
to the loss of a neutral fragment of rhamnose (146 Da) and a
consequent neutral fragment of glucose (162 Da). Precisely,
Compound 48 exhibited a molecular ion at m/z 301.1070 [M
+ H]+, subsequently lost a CH3, CO, and COH, and the
corresponding fragment ions at m/z 286.0470 [M + H −
CH3]

+, m/z 258.0520 [M + H − CH3 − CO]+, and m/z
229.0492[M + H − CH3 − CO − COH]+ were formed. In
addition, the fragment ion at m/z 153.0180 was attributed to
the RDA reaction of the fragment ion m/z 301.1070.
Confirmed by the related literature,26 compound 39 was
identified as diosmin and compound 48 was identified as
diosmetin.
In the positive mode, compounds 40 and 41 produced

quasimolecular ions at m/z 303.0860 [M + H]+ and m/z
611.1960 [M + H]+. The same secondary fragment ions at m/z
285.0760, 179.0341, 177.0545, 153.0181, 147.0440, and
137.0599 were formed for the both compounds. Among
them, m/z 285.0760 was generated by the removal of a H2O
molecule from the parent ion, furthermore, the parent ion lost
its B ring and m/z 177.0545 was obtained. Fragment ions at
m/z 153.0181, 147.0390, and 137.0752 were attributed to the
RDA reaction of the flavonoid skeleton, which was the typical
fragmentation method of the dihydroflavonoids. In accordance
with reference standards and second MS fragmentation
information above, compound 40 was finally determined as
hesperetin and compound 41 was determined as hesperidin.
The comprehensive fragmentation pattern of compound 40 is
shown in Figure 3d.
2.3. Identification of Limonoids. Combined with earlier

literature, limonoids are rich in citrus and show antitumor,
anti-inflammatory, antibacterial, antiviral, antioxidant, and liver
protection effects.2,4,9,17,22 Three limonoids were detected
from the CSF extracts: limonin, nomilin, and obacunone.
Compound 62 exhibited a quasimolecular ion at m/z 455.2058

[M + H]+. In the second MS, under high-energy collision, the
parent ion of compound 62 can lose a H2O molecule or a CO2
or a HCOOH to obtain fragments 437.1962, 411.2162, and
409.2010, respectively, so that compound 62 was identified as
obacunone.27 Compounds 54 and 59 were detected as limonin
and nomilin by comparing the reference substances and peak
times.

2.4. Identification of Organic Acid. Seven organic acids,
including vanillin acid, sinapic acid, ferulic acid, isoferulic acid,
p-hydroxycinnamic acid, and α-linolenic acid, were identified
in this study under positive-ion full MS scanning. These kinds
of compounds are known to remove some neutral molecules of
H2O, HCOOH, and CO2 in the positive mode.28 For example,
compounds 22 and 43 both have a protonated molecular ion at
m/z 195.0547 [M + H]+. The secondary fragment ions at m/z
177.0547 [M + H − H2O]

+, m/z 163.0390 [M + H −
CH3OH]

+, m/z 149.0599 [M + H − HCOOH]+, m/z
145.0285 [M + H − CH3OH − H2O]

+, and m/z 117.0338 [M
+ H − HCOOH − CH3OH]

+ in the mass spectrum of
compounds 22 and 43 are similar, only the ion peak response
values are slightly different. Compound 22 was determined as
ferulic acid and compound 43 was determined as isoferulic
acid. The comprehensive fragmentation pattern of compound
22 is shown in Figure 3c.

2.5. Identification of Other Compounds. In the positive
ion mode, five amino acids were identified from CSF, and their
[M + H]+ peaks were at m/z 118.0652, 182.0811, 116.0706,
132.1016, and 205.0970, respectively. It is easy to produce
secondary characteristic fragment ions HCOOH (46 Da) and
NH3 (17 Da) in the mass spectrometry during the cleavage
process, which result from the unique neutral fragment loss of
amino acids.29 By comparing the secondary fragment ion peaks
under the full MS scanning, combined with the literature and
the OTCML database, the compounds 1, 3, 5, 7, and 11 were
decided as valine, tyrosine, proline, leucine, and tryptophan,
respectively.

Table 2. continued

peak no. compounds S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15

Other Compounds
5 proline * * * * * * * * * * * * * * *
6 adenosine * * * * * * * * * * * * * * *
7 leucine * * * * * * * * * * * * * * *
8 5-hydroxymethylfurfural * * * * * * * * * * * * * * *
9 nicotinamide * * * * * * * * * * * * * * *
11 tryptophan * * * * * * * * * * * * * * *
12 coniferin * * * * * * * * *
18 vanillin * * * * * * * * * * * * * *
20 anisic aldehyde * * * * * * * * * * * * * * *
24 o-veratraldehyde * * * * * * * * * * * * * * *
31 linderalactone * * * * * * * * * * * *
32 2-atractylenolide * * *
44 6-hydroxyindole *
50 perillen * * * * * * * * * * * *
56 aurantio-obtusin * * * * * * * * * * * * * * *
63 cinnamaldehyde * * * * * * * * *
67 ligustilide *
72 germacrone * * * * * * * * * * * * * * *
74 oleamide * * * * * * * * * * * * * * *
75 linolenic acid ethyl ester * * * * * * * * * * * * * * *
76 methyl linoleate * * * * * * * * * * * * * * *
77 erucamide * * * * * * * * * * * * * * *
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Four aldehydes were detected in the CSF, where compounds
8, 20, 21, and 63 were identified as 5-hydroxymethylfurfural,
anisic aldehyde, o-veratraldehyde, and cinnamaldehyde.
Among them, o-veratraldehyde was reported in the CSF for
the first time. Compound 8 exhibited a protonated molecular
ion at m/z 127.0389 [M + H]+, and the characteristic
fragmentation peaks were observed at m/z 109.0651 [M + H
− H2O]+, 81.0705 [M + H − H2O − CO]+, and 53.0393 [M
+ H − H2O − 2CO]+. Overall, based on a previous study,
compound 8 was identified as 5-hydroxymethylfurfural.30

Notably, compound 2 had a fairly high peak in the TIC
chromatogram, and was detected as stachydrine. The carbon
atom connected to the carboxyl group and the nitrogen atom
in the stachydrine molecule had high reactivity, and was prone
to electron transfer and dehydrogenation to produce a double
bond. Then, the single bond between the methylene group and
the nitrogen atom was broken to eventually form fragment ions
at m/z 84.0813 and m/z 58.0659. The comprehensive
fragmentation pattern of compound 2 is shown in Figure 3a.
In addition, in combination with the literature31 and

structural information provided by MS, compounds 74 and
77 were identified as oleamide and erucamide, which were
rarely reported in the form of compounds in natural products.
2.6. Discussion. In general, all origins contained mostly the

same chemical components, such as coumarins. On the whole,
the coumarins extracted from different origins of CSF were
abundant. According to this study and combined with relevant
literature,15 the coumarins are the main chemical components
of CSF, thus the coumarins were well preserved by means of
using the extraction method in this work. The chemical
component differences among CSF from different origins are
shown in Table 2. As for the flavonoids, other CSFs were more
abundant than that of CSF-Guang. In addition, eriocitrin,
eriodictyol, and glabrone were only detected in the Guangxi
province, while none of the other origins were detected, which
needs a further verification. Among them, eriocitrin and
eriodictyol are common in citrus, while they have not been
reported previously in the CSF. Overall, CSF produced in the
Zhejiang province contained a richer variety of chemical
components. More noticeably, according to previous studies,
the research on the compositions of CSF mostly focused on its
coumarins, whereas few reported on the polymethoxyflavo-
noids.15 In this work, a total of seven polymethoxyflavonoids
have been found, including nobliletin, tangeretin, 5-demethyl-
nobiletin, etc., which have shown different pharmacological
activities such as antitumor, antibacterial, antineuritis, anti-
oxidant, cardiovascular protection, and antihyperlipidemic
effects.2,10,12,22,32

3. CONCLUSIONS

In this paper, UPLC-Q-Exactive Orbitrap/MS technology was
used for the first time to establish a qualitative analysis method
for the chemical composition of different origins of CSF. A
total of 77 chemical components in the CSF extracts were
successfully isolated and identified, 15 of which were first
detected. In the four main origins, CSF-Jin contained a richer
variety of chemical components. In summary, this research
provided an efficient and rapid method for qualitative analysis
and quality control of chemical components in CSF.

4. MATERIALS AND METHODS

4.1. Chemicals and Materials. Different origins of CSF
samples from 15 batches certified by Prof. Guodong Zheng
were dried and appropriately stored at the Laboratory of
Pharmacognosy, Guangzhou Medical University, Guangdong
Province, China (Table 3).

Reference standards of stachydrine, scopoletin, 5,7-dime-
thoxycoumarin, and nomilin were obtained from Sichuan
Weikeqi Biotechnology (China), and hesperiden, ferulic acid,
nobliletin, limonin, and tangeretin were purchased from
Chengdu Mansite Biotechnology (China). All references
were of above 98.5% purity. The chromatographic grade
formic acid and acetonitrile were purchased from Thermo
Fisher Scientific (China) and Honeywell (USA), respectively.
The analytical grade methanol was obtained from Guangdong
Guanghua Science Technology Company (China).

4.2. Experimental Instrumentation. The SB25-12DTD
ultrasonic cleaners were obtained from Qunshan Machinery
Equipment (China), and the Hk-04b swing crusher and the
ME-104 electronic analytical balance were purchased from
Xuyang Machinery Equipment (China) and Mettler Toledo
(China), respectively. The XHRE-2000C rotary evaporator
connected with a XHDL-200 low-temperature circulating
pump was obtained from Shanghai Xiaohan Industrial
Development Company (China). The ZORBAX Rclipse Plus
C18 column (2.1 mm × 50 mm, 1.8 μm) was purchased from
Agilent Technologies (USA). The UPLC-Q-Exactive Orbi-
trap/MS system equipped with a Dionex Ultimate 3000 UPLC
system (Thermo Scientific, USA) consisted of an autosampler,

Table 3. Information on CSF Samples From 15 Origins

no. origins sample source
collection
time

S1 CSF-Guanga Lecheng town, Zhaoqing city,
Guangdong province

2019/10/25

S2 Lecheng town, Zhaoqing city,
Guangdong province

2019/10/25

S3 Yongfu county, Guilin city,
Guangxi province

2019/10/28

S4 Yongfu county, Guilin city,
Guangxi province

2019/10/29

S5 Longjiang town, Guilin city,
Guangxi province

2019/11/04

S6 CSF-Jinb Jinhua city, Zhejiang province 2019/10/28
S7 Longquan city, Zhejiang province 2019/11/07
S8 Luodian town, Jinhua city,

Zhejiang province
2019/11/07

S9 Chisong town, Jinhua city,
Zhejiang province

2019/11/15

S10 CSF-Chuanc Huidong county, Liangshan
prefecture, Sichuan province

2019/10/21

S11 Peng’ an county, Nanchong city,
Sichuan province

2019/11/17

S12 Shawan town, Leshan city, Sichuan
province

2019/11/12

S13 Baiyang town, Wanzhou district,
Chongqing province

2019/10/28

S14 CSF-Yund Qujing city, Yunnan province 2019/10/23
S15 Huaning county, Yuxi city, Yunnan

province
2019/10/28

aCSF-Guang was CSF from the Guangdong and Guangxi provinces.
bCSF-Jin was CSF from the Zhejiang province. cCSF-Chuan was CSF
from the Sichuan and Chongqing provinces. dCSF-Yun was CSF from
the Yunnan province.
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an online degasser, a quaternary pump, and a column
temperature compartment, and it was combined with a Q
Exactive Orbitrap tandem mass spectrometer (Thermo
Scientific, USA) by means of an electrospray ionization
interface.
4.3. Preparation of Samples and Standards.

4.3.1. Preparation of Samples. Approximately 0.5 g of 15
batches of CSF were, respectively, weighed, which were passed
through the 40-mesh screen, added to 25 mL of methanol, and
subjected to ultrasonic extraction (320 W, 40 kHz) for 30 min.
Different batches of the CSF filtrate were, respectively,
concentrated to 1 mL using a rotary evaporator and then
transferred to an automatic injection bottle after passing
through a 0.22 μm PTFE membrane for UPLC-Q Exactive
Orbitrap-MS analysis.
4.3.2. Preparation of Standards. The nine standard

compounds were accurately weighed, added to methanol and
jointly dissolved into a volumetric flask, and diluted. The
mixed standard solution was stored in a refrigerator at 4 °C,
diluted with methanol to a proper concentration before use,
and then passed through a 0.22 μm PTFE membrane for
UPLC-Q Exactive Orbitrap-MS analysis.
4.4. UPLC-Q Exactive Orbitrap-MS System Condi-

tions. The CSF extracts of different origins were separated on
the C18 column at 35 °C at a flow velocity of 0.30 mL/min
with a l μL sample size. The mobile phase consisted of 0.05%
formic acid solution (A phase) and acetonitrile (B phase). The
gradient elution procedure was as follows: 0−5 min, 10−10%
B; 5−10 min, 10−20% B; 10−20 min, 20−50% B; 20−30 min,
50−85% B; and 30−40 min, 85−100% B.
High-resolution MS source parameters include a 3.5 kV

spray voltage, a 320 °C capillary temperature, a 30 unit sheath
gas, a 10 unit auxiliary gas, a 300 °C auxiliary gas heater
temperature, and a 5 unit sweep gas, and were used in positive
ion mode. Data acquired from 70−1000 Da in full MS scan
mode were processed via Metworks software. All operations
above were controlled by Xcalibur software.
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