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Abstract Objective: To analyze the fragmentation rule and pathway of pelargonidin, cyanidin, delphinidin,
peonidin, petunidin and malvinidol under UHPLC - QTOF — MS positive mode electric spray, identify the
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characteristic product ions of six anthocyanins, and provide a theoretical basis for the establishment of mass spec-

- 2052 -

trometry database and detection methods. Methods: The chromatographic conditions were as follows: chromato-
graphic column, Fusion - RPC3 (50 mm x2.0 mm, 4 pwm), mobile phase 0. 1% formic acid aqueous solution
(A) and methanol (B),gradient elution (0 =1 min, 95%A; 1 —=5 min, 95%A—10%A; 5 -6 min, 1%A;
6 —7 min, 95%A), flow rate 0.3 mL - min ', column temperature 40 °C , and injection volume 10 wL. The
mass spectrometry conditions were as follows: TOF MS - IDA MS/MS, curtain gas, 0. 20 MPa, collision gas CAD
7 MPa, IS voltage, 5 500 V/ —4500 V, ion source temperature, 500 °C ,nebulizer gas, GAS1, 0. 38 MPa, auxil-
iary, GAS2, 0.48 MPa,DP voltage, +60 V, fragmentation voltage, (35 £15) V, and time 0.2 s. Under the
condition of positive mode of electrospray, the mass spectrometry data of six anthocyanins were measured. Accord-
ing to the pyrylium ions formed by the 2 — phenylchromogenic structure of anthocyanins, and combined with the
auxiliary analysis of the mass spectrometer database, the possible product ions were deduced. Results: The resulis
showed that the six anthocyanins mainly undergo cleavage reactions on the pyranium ring, ultimately generating in-
termediate ions of pyrogallol and benzyl alcohol. On the other way, it occured o cracking, o cracking causes the
loss of functional groups on the ring, ultimately resulting in the formation of Chain hydrocarbons without functional
groups. Conclusion ; The research results can provide support for the mass spectrometry characteristic ion data of
six anthocyanins, which can be used to establish ion library data for anthocyanin products and also provide refer-
ence for the development and research of detection methods.

Keywords: anthocyanin; positive mode electrospray spray; flight mass spectrometry; fragmentation pattern; char-

acteristic ion; time of flight mass spectrometry
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Tab.1 MS’ data of six anthocyanins in the positive ion mode

e — R M) MS* B B TR JCRALK P2
( compound ) (MS ion)m/z (MS? fragmentation ion)m/z  (calculated) m/z (elemental composition) ( deviation)/ x 10 ¢

1E2% 2 (pelargonidin) C,sH;, 05 271. 060 3 243.065 7 243.065 2 CiyHy, 04 2.1
215.070 5 215.070 3 Ci3H; 04 0.9

197. 060 0 197.059 7 Ci3Hy 0, -0.2

169. 065 5 169. 064 8 C,HyO 4.1

149.023 6 149. 023 3 CgHs504 2.0

147.043 6 147.044 0 CoH;0, -2.17

141. 069 8 141. 069 9 Gy Hg -0.7

121. 028 3 121. 028 4 C,H;50, -0.8

115. 054 4 115.054 2 CoH, 1.7

107. 049 8 107. 049 1 C;H,0 6.5

RO R



- 2054 - W S M F R ChinJ Pharm Anal 2024, 44(12) @

F1(4%)
x| — R M] MS* [ 1 HHE TCRA T2
( compound ) (MS ion)m/z (MS? fragmentation ion)m/z  (calculated)m/z  (elemental composition) ( deviation)/ x 10~

KL% (cyanidin) Cy5H;; 04 287.055 0 269.045 3 269. 044 4 CisHo 05 3.3
259.059 8 259. 060 1 Cp H,, 05 ~1.2

241.050 8 241.049 5 Ci4Ho O, 5.4

231.065 4 231.065 2 C3H,, 0, 0.9

213.0550 213.054 6 C13Hy 0, 1.9

185. 060 2 185.059 7 €1, Hy0, 2.7

177.019 1 177.018 2 CoH;0, 5.1

157. 065 2 157. 064 8 C;, HyO 2.5

149.023 4 149.023 3 CgH; 04 0.7

139.054 0 139. 054 2 C, H, 1.4

121.028 5 121.028 4 C,H;0, 0.8

KalE 2 (delphinidin)  C;gH;; 07 303.050 0 285.040 0 285.039 4 Cy5Hy O 2.1
274.046 2 274.047 2 C14H 04 -3.6

257.044 3 257.044 4 C14Hy 05 -0.4

229.050 5 229.049 5 C13Hy0, 4.4

201.055 3 201.054 6 CpHy 0, 3.5

165.018 1 165.018 2 CgH;0, -0.6

155.050 0 155.049 1 €, H,0 5.8

153.017 8 153.018 2 C,H;0, -2.6

121.028 9 121.028 4 C,H;0, 4.1

111.007 7 111.007 7 C5H, 0, 0.0

AJZ 3 (peonidin) CgH,304 301.070 1 286. 046 9 286. 047 2 CysH,00 -1.0
285.037 4 285.039 4 CysHy O -7.0

258.053 3 258.052 3 C14H 05 3.9

229.048 2 229.049 5 C3Hy 0, -5.7

213.054 7 213.054 6 Ci3Hy 05 0.5

202. 061 8 202. 062 4 CppH,05 ~3.0

187. 040 2 187.039 0 Ci H; 04 6.4

%2 4 % (petunidin ) Cy¢H,30, 317. 066 1 302.042 5 302.042 1 CisHy 0, 1.3
274.048 0 274.047 2 C14H 04 2.9

245.044 9 245. 044 4 C13Hy O 2.0

231.028 9 231.028 8 C1, H, 04 0.4

228.042 2 228.041 7 C3Hg O, 2.2

227.0353 227.033 9 C3H,0, 6.2

217.049 5 217.049 5 C, Hy O, 0.0

203. 034 4 203.033 9 ¢y, H,0, 2.5

175. 039 2 175.039 0 CioH, 0, 1.1

165.018 6 165.018 2 CgH;0, 2.4

147.043 5 147. 044 1 CoH; 0, -4.1

121.028 3 121.028 4 C,H;0, -0.8

Fi 23R (malvidin) Cy7H;50, 331. 081 2 315. 050 2 315.049 9 CieH,, 0y 1.0
299.055 5 299.055 0 CieH,; 04 1.7

275.091 8 275.001 4 CysH 505 1.5

271.060 2 271.060 1 CysH,, 05 0.4

HWEHR L



JPA

Y S M FE Chind Pharm Anal 2024, 44(12) - 2055 -
F=1(4)

&Y — R M] MS* T B HHEAE TCRHM i 22
( compound ) (MS ion) m/z (MS? fragmentation ion)m/z  (calculated) m/z (elemental composition) ( deviation)/ x 10 ~®

269. 044 4 269. 044 5 €5 Hy O —0.4

243.065 2 243.065 2 C,H, 04 0.0

229.049 2 229.049 5 C;3Hy0, -1.3

228.041 8 228.041 7 C3Hg0, 0.4

215.070 8 215.070 3 Cy3H,, 0, 2.3

213.055 3 213.054 6 C;3Hy 04 3.3

201.054 4 201.054 6 €1, Hy 0, -1.0

200. 047 2 200. 046 8 C,Hg Oy 2.0

197. 060 0 197.059 7 C,3Hy 0, 1.5

165.055 2 165.054 6 CyH,y 0,4 3.6

153.055 2 153.054 6 CgH,y 0,4 3.9

149.023 7 149. 023 3 CH, 0, 2.7

123. 044 3 123. 044 1 C,H,0, 1.6

121.028 8 121.028 4 C,H,0, 3.3
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Fig. 2 The MS(A) and MS?(B) spectra of pelargonidin in the positive ion mode
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Fig. 5 Proposed fragmentation pathwauys of cyanidin in the positive ion mode
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Fig. 6 The MS(A) and MS? (B) spectra of delphinidin in the positive ion mode
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Fig. 7 Proposed fragmentation pathwauys of delphinidin in the positive ion mode

OH
OH
B
(1B splitting)
—_— e OH
S
m/z 165.018 2
B

(3B splitting)

HO

CH,

OH
m/z 121.028 4

301.070 0 A
1009 s
S 80
z
3 60—
o)
£ 104
< 302.074 0 331.000 0
=20 2742742 | | |
0 I T : ! ! I L
250 300 350
mz
286.0469 B
100 MS?
S 80
z 60
2 258,053 3
g 407 202,061 8 229.048 2
= 20
150.029 2 . || | | | i
0 1 T T 1
100 150 200 250 300

8 MAZREEBTHRTIM]*H MS(A)7Fn MS?(B)
Fig.8 The MS(A) and MS?(B) spectra of peonidin in the positive ion mode

e Y SL AR 4540, A7 A T 45 AR 2 T4 RERY
Rk 37 00 AL AT C FRN FRPE B 22, A
ETENEAY TR SR N CP AL Sl B RS T o i)
T RN, RS CH B2, R
S0 SN AR R e R A 2 O T B AR BN

BWAED

HWEHR L

mz

3.2 BESR BESR M HPER m/z
317.065 6 [ M] ", MS” Pl v fid 7= 4t e A2 22 o
VIR C BRI , R A e 11 PR o SR
RAE C YRR I AR S MEO RV,

3.2.6 Hp¥EE K12 - A B8 m/z331.080 7 K
[M]7, 812 - B 7 20 0 5 2R B 2k



JPA

WY D FE Chind Pharm Anal 2024, 44(12) . 2059 -
OH
on  HCEE i /
‘0 (>4C splitting) o (02C splitting) o
_ —_ .
V/ -2CO ' -CO,H,0 =0

HO

m/z 187.039 0

m/z 285.039 4

-2CO l

m/z229.049 5

\J

m/z213.054 6

HO

m/z 286.047 2

-Col

m/z258.052 3

-2CO l

—

OH
<0
m/z 202.062 4
9 NHREEBFEATHRBEER
Fig. 9 Proposed fragmentation pathwauys of peonidin in the positive ion mode
317.065 6 A
100 MS
S 804
z 60
R -1 301.075 1
g 318.069 0 3273076 cmRl
g 40 H 302.078 6 o 338.3417
i
| ‘I |
0 | | .
300 350
mz
302.042°5 B
1009 s
S 804 245.044 9
Z g 203.0344 274.048 0
5
E 40
= 192.042 8
Ho 20 68.997 3 121.028 3 l
0 . [ EPPORTT | ol " 1
T T T T T
0 50 100 150 200 250 300 350

10 BEFEEEFFHEATIM]*H MS(A)F1 MS?(B)

mz

Fig. 10 The MS(A) and MS? (B) spectra of petunidin in the positive ion mode
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