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Golden rules of separation and characterization of plant anthocyanins by high
pressure liquid chromatography-tandem mass spectrometry
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ABSTRACT: Anthocyanins are important water-soluble pigments, which have significant influence in food
processing industry. Anthocyanins have anti-oxidant, anti-inflammatory, anti-antimicrobial, inhibition of platelet
aggregation and anticancer activity, and have been the focus as important functional ingredients. Separation and
identification of anthocyanins are the base for studying their bioactive effects. However, the complexity and va-
riety of anthocyanins make it difficult to characterize the composition of anthocyanins. High pressure liquid
chromatography (HPLC) coupled with mass spectrometry has become the standard and most powerful method for
routine anthocyanin analysis. This paper reviewed the golden rules for separation and identification of anthocya-
nins by high pressure liquid chromatography-tandem mass spectrometry (HPLC-DAD-MS), which might provide
the chemical evidence for clarification of structure-activity relationship and screening for high value-added re-
sources.
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Table 1  Structures of common anthocyanidins

R, R, Mw

(Pg) H H 271
(Cy) OH H 287
(Dp) OH OH 303
(Pn) OCH; H 301
(Pt) OCH; OH 317
(Mv) OCH; OCH; 331
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Table 2 Compositions and molecular weight of common sugars and acylated groups of anthocyanins

H,0
180 162
180 162
150 132
150 132
164 146
326 308
342 324
326 308
342 324
342 324
60 42
104 86
118 100
134 116
180 162
p- 138 120
p- 164 146
194 162

148 130
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Fig. 1 HPLC chromatograms of anthocyanins from Chaenomeles speciosa (A), Ipomoea purpurea (B),
Viola yedoensis and V. prionantha (C)
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Fig.2 HPLC chromatograms of anthocyanins from V. yedoensis''?!
A, E-I; B, E-11, C, E-IIL, D, E-IV
E-I: A, 0.1% TFA ; B, ;
G-I: 0 min, 10% B; 50 min, 16% B; 80 min, 18% B; 90 min, 10% B
E-II: A, 5% , B, ;
G-II: 0 min, 7% B; 60 min, 20% B; 80 min, 50% B; 85 min, 7% B
E-III: A, 10% , B, : : o (10:45:45, viviv);
G-III: 0 min, 15% B; 60 min, 40% B; 65 min, 45% B; 70 min, 15% B
E-IV: A, 10% ; B, : : (10:40:50, v/viv);
G-IV: 0 min, 20% B; 10 min, 30% B; 35 min, 45 %; 40 min, 20% B
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Fig. 3 UV-vis spectra of Pg3C5G and Cy3C5G
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Table 3 Chromatographic and spectral data of anthocyanins detected in petals

R (mln) }Lmax (nm) A440/Avis-max (m/z) (m/z)

(Chaenomeles speciosa)**

1 16.6 516 32 611 287 Cy3 (Ga-G)
2 20.0 516 32 449 287 Cy3Ga
3 21.5 501 43 595 271 Pg3 (Ga-G)
4 23.8 514 n. a. 449 287 Cy3G
5 253 501 43 433 271 Pg3Ga
6 26.8 513 32 519 287 Cy3SucAra
(Ipomoea purpurea)™
1 16.4 284/323/509 15.8 1243 271/433/919/1081 Pg2C4G
2 18.6 286/316/515 18.0 1081 271/433/919 Pg2C3G
3 21.8 287/317/512 20.8 1568 271/433/919/1081/1243/1405  Pg3C5G
4 249 288/324/511 24.1 1405 271/433/919/1081/1243 Pg3C4G
(V. prionantha) (V. yedoensis)!'*
1 4.5 523 16.2 773 611, 465, 303 Dp3Ru5G
2 5.9 515 17.7 757 595, 449, 287 Cy3Ru5G
3 7.1 527 13.2 787 625,479,317 Pt3Ru5G
4 8.4 526 14.9 815 653, 465, 303 Dp3acRu5G
5 11.3 517 16.4 799 637, 449, 287 Cy3acRu5G
6 12.4 528 13.6 829 667,479,317 Pt3acRu5G
7 18.9 529, 312sh 14.2 919 757, 465, 303 Dp3cispCRuSG
8 20.8 529, 313sh 14.8 919 757, 465, 303 Dp3transpCRu5G
9 24.7 528, 310sh 13.6 933 771,479,317 Pt3cispCRu5G
10 25.5 520, 315sh 16.1 903 741, 449, 287 Cy3pCRus5G
11 26.7 531, 309sh 133 933 771,479,317 Pt3transpCRu5G
12 30.8 535,311sh 12.1 947 785, 493, 331 Mv3cispCRuSG
13 31.9 520, 311sh 153 917 755, 463, 301 Pn3pCRu5G
14 332 533,312sh 12.6 947 785,493, 331 Mv3transpCRu5G
: 1
: Cy: ; Gt ; Ca: ; Pg: ; Ara: ; Suc: ; C: ; Dp: ; Ru: ;
Pt: ; Mv: ; Pn: ;ac: ; pC: ;

* Chromatographic peaks in Fig. 1
Note: Cy: cyanidin; G: glucoside; Ca: galactose; Pg: pelargonidin; Ara: arabinoside; Suc: succinyl; C: caffeyl; Dp: delphinidin; Ru: rutinoside; Pt:
Petunidin; Mv: malvidin; Pn: peonidin; ac: acetyl; pC: p-coumaroyl
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