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Abstract – Spectrophotometric studies were made on fresh flower petals of 139 

species and/or cultivars in forty families on the basis of their absorption peaks in 

the visible light wavelength region. The absorption spectra measured were 

classified into mainly four flower groups according to the types of aglycones 

(anthocyanidins) and their absorption spectral patterns. The relationships between 

flower colors, absorption spectra and structures of anthocyanins were investigated 

for the above mentioned four flower groups. These investigations may give a clue 

to the chemical basis of color variation in the flowers. 
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INTRODUCTION 

Anthocyanins are water-soluble pigments in the plant cell vacuoles that may appear red, purple, or blue 

depending on the various factors; such as their higher-order structures, the presence or absence of 

aromatic acids in their molecules, phenolic substances, metal ions, and pH. Most floral anthocyanins are 

derived from pelargonidin, cyanidin, and delphinidin, which differ only in the degree of hydroxylation in 

the B-ring and generally produce orange-red, magenta, and mauve colors, respectively (Figure 1). 

 

Figure 1. Structures of pelargonidin, cyanidin, delphinidin, peonidin, malvidin, and petunidin with their 

approximate observed colors in 0.1% HCl-MeOH solution and absorption maxima in UV-Vis spectra  
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Anthocyanin compositions in relation to the stabilization and variation of flower colors have widely been 

investigated, and more than 600 kinds of anthocyanins have been known to be present as flower color 

pigments.
1-4

  

 

 

 

Figure 2. Structural and color variations of delphinidin with the change of pH in aqueous solution 

 

Anthocyanin pigments are generally stored in cell vacuoles of the flowers exhibiting a variety of flower 

colors. However, it is recognized that a discoloration phenomenon providing the corresponding colorless 
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carbinol psuedobases (Figure 2) will be occurred with hydration of their basic skeleton, benzopyrilium 

ion, in most of isolated anthocyanins except for the polyacylated anthocyanins having extraordinary 

stack-structures and blue metal complex pigments (Figure 3), when anthocyanin pigments are dissolved 

in aqueous solutions.
5-11

 Recent studies on the stability of flower colors revealed that most of fresh 

flowers exhibiting weakly acidic or neutral in their cell saps are endowed with the mechanism for 

inhibition of the hydration to preserve their flower colors stably for relatively prolonged period of time. 

To explain the mechanism for prevention of discoloration phenomenon, the participations of inorganic 

ions and/or organic acids existed in intracellular solution of vacuoles, and also aromatic compounds 

bonded with anthocyanins have been advanced.
2,5-11 

It is also well recognized that the structures of 

anthocyanins are susceptible to the change of acidity (pH) of the solution providing a variety of 

tautomeric structures of anthocyanins (Figure 2).
5-7

 Actually, anthocyanins are able to show red colors by 

taking flavylium cation structure under acidic conditions and also show blue colors by taking ionized 

quinonoidal structures under alkaline conditions. These results are closely related to the fact that 

anthocyanins produce a wide range of colors depending on the humoral factor in the solution varying the 

region from acidic to alkaline.
5-7,12,13

  
 

Taking account of the above humoral factors, it is reasonable to rationalize that the red color arising from 

the flavylium cation structure is preserved under strongly acidic conditions, though it is rather hard to 

understand the stability of the other tautomeric structures of anthocyanins under weakly acidic or neutral 

condition of vacuoles in the flowers.
5,6

 To demonstrate the stability of flower colors in the vacuoles, 

several mechanisms for the prevention of discoloration phenomenon have been proposed even under 

weakly acidic or neutral conditions. Although co-pigmentation had not previously been taken into 

account in stabilizing the flower colors, Robinson and Robinson advocated an intermolecular 

co-pigmentation phenomenon in 1931,
14

 in which polyphenols existed in the same vacuole, especially 

flavone, flavonol, and tannin derivatives, are associating with anthocyanins to stabilize the flower color 

and also to give rise to a bluing effect with bathochromic shift. Metal-complex theory stabilizing the 

flower color by making complex of anthocyanin with metal ions was proposed by Shibata and his 

coworkers in 1919.
15

 Moreover, Saito and his coworkers reported an intramolecular co-pigmentation of 

anthocyanins in 1972
16

 (Figure 3). They discovered that more than two molecules of aromatic acids 

acylated with sugar moieties in the same molecule are associating with aglycones by making sandwich 

structures via stacking of the aromatic rings to preserve the flower colors by inhibition of hydration.
7-9

 In 

1972, Asen also proposed a self-association mechanism for the stabilization of flower colors.
17,18

 

Afterwards these mechanisms of metal-complex theory, co-pigmentation and self-association were 

advanced in detail with spectral methods by Goto and other groups.
2,5-11
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Figure 3. The simplified higher-order structures for anthocyanins contributing to the stabilization of 

flower colors in cellular tissues 

 

As mentioned above, it is essential to acquaint not only primary structures (plain structures) of 

anthocyanins but also secondary structures (tautomeric structures) (Figure 4) and higher-order structures 

including structural arrangement (stacking state, inter- and intramolecular co-pigmentation or self 

association, metal complex formation etc) (Figure 3) to understand the stability of flower colors in 

vacuoles.
7-11

  For the explication of flower color variations, the measurements of absorption spectra for 

the anthocyanin contained in the cell-tissues of flowers are well recognized as one of the important and 

effective methods.
6,19-23

  

We have studied the flower color variations based on the structures of anthocyanins by using RHS Colour 

Chart and CIELAB system, and the latter values were obtained by using Colour Measuring and 
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Difference Counting Meter as the standard reference for plant color identification.
21

 We have also 

investigated the mechanism of color variation responsible for anthocyanins in the flowers in relation to 

their structures by measuring the absorption spectra of fresh petals in the visible light wavelength region.   

In this review article, we would like to report the light absorption spectra of anthocyanin-containing 

tissues from fresh flowers by the use of a double-beam instrument (Shimadzu Multi-purpose Recording 

Spectrophotometer, Type MPS-2450).
21

 Actually, we have measured the light absorption spectra of 40 

families and 139 species and/or cultivars of flowers. At first, visual and colorimetric evaluation of the 

flower colors was taken place by measuring Royal Horticultural Society (RHS) Colour Chart. Code 

numbers of RHS Colour Chart matched with the flower colors investigated were recorded by comparing 

directly with the flower petals of the plants,
21

 and the corresponding hue were calculated on the basis of 

the chromaticity values (a* and b*). The distributions of flower colors were also shown on the CIE 

chromaticity diagram. On the other hand, spectral absorption curves of the intact tissues of flowers were 

directly measured on the intact petals using a recording spectrophotometer operated as double-beam 

instrument (360 - 750 nm) to obtain the absorption maxima (max) and their relative absorbance ratio, 

and the absorbance at the max was normalized to zero at 750 nm. The max value observed as a 

shoulder of absorption curve was reconfirmed by measuring a parallel differential spectrum.
24

 Results are 

summarized in Tables 2 - 5, where main anthocyanins with the binding sites of sugars and the presence or 

absence of acylated glycosides were also mentioned.  

Among a number of flowers investigated in this study, two or three absorption peaks for the max (A, B 

and C) are observed in their absorption spectral curves, which stem from coexistence of several secondary 

tautomeric structures of anthocyanins (Figure 4).
5,7,9 

 

 

 

Figure 4. Main prototropic tautomerism-isomers of anthocyanidin 
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These two or three absorption peaks for the max are usually observed in the order of negatively ionized 

quinonoidal form (A), neutral quinonoidal form (B), flavylium cation structure (C), and unidentified 

structure (D) from the long wavelength region of the absorption spectral curves (Table 1, Figure 4, Chart 

1; A
-
4’ = A, A4’ = B, AH

+
 = C). 

In the most cases, the same primary anthocyanin structure affords a mixture of three types of secondary 

structures under weakly acidic or neutral conditions. Parallel to this phenomenon, several absorption 

peaks for their max (A – D) are observed in the absorption spectral curves of anthocyanin solutions and 

also fresh flowers. These max (A – D) are closely related to the structural features of aglycones, and are 

shown in Tables 2 – 5. In general, when the flowers have the same aglycone in the structures, their 

absorption peaks for the max (A – D) indicate the numerical value of an approximation. 

 

 

 
 

Chart 1-1 ~ 1-4. Electronic spectra of anthocyanins in aqueous solutions at several pHs 
Compounds: 1-1. Platyconin

25
; 1-2. bletilla anthocyanin 1

26
; 1-3. senecio pink anthocyanin 1

27
; 1-4. ipomoea red 

anthocyanin 1
28

; Number of absorbance curves: 1: buffer solution of pH 1.68; 2: buffer solution of pH 3.00; 3: 

buffer solution of pH 4.01; 4: buffer solution of pH 5.00; 5: buffer solution of pH 5.60; 6: buffer solution of pH 

6.85; 7: buffer solution of pH 7.40; 8: buffer solution of pH 9.18; 9: buffer solution of pH 10.1; AH
+
 = flavylium 

cation: A4’ = 4’-quinonoidal form: A
-
4’ = ionized 4’-quinonoidal form 
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Thus, it is reasonable to classify the flowers investigated here into three groups; such as delphinidin, 

cyanidin, and pelargonidin groups, according to their structural features of aglycones. However, we 

noticed that 21 species out of 139 flowers were not able to belong to the above three groups, therefore, 

these flowers were categorized into the fourth group, independently. Interestingly, the absorption spectra 

of the fourth group exhibited the typical anomalous max at near 650-750 nm which could not be 

observed in the absorption spectra of the normal flowers in the above three groups. We investigated here 

the relationships between flower colors, absorption spectra and structures of pigments of the above 

mentioned four groups. 

 

RESULTS AND DISCUSSION 

I. The three absorption peaks for the max A, B, and C of anthocyanidins in the light absorption 

spectral curves of polyacylated anthocyanins, platyconin, bletilla anthocyanin 1, and senecio 

pink anthocyanin 1. 

In order to obtain the standard max values (reference values) of absorption spectra of anthocyanins in 

the aqueous solution at the visible wavelength region, three representative anthocyanins are selected as 

follows; such as platyconin
9,16,25

 to delphinidin type pigments, bletilla anthocyanin 1
9,26

 to cyanidin type 

pigments, and senecio pink anthocyanin 1
9,27

 to pelargonidin type pigments (Charts 1-1 ~ 1-3), since these 

pigments show relatively stable flower colors under weakly acidic or neutral conditions by making 

sandwich structures in vacuoles of the flower cell-tissues. The absorption spectra for these three types of 

pigments are measured in buffer solutions at pH 1.68 – 10.10, and the values of max correspond to the 

structures A, B, and C are obtained (Table 1). Three max values of A, B, and C for platyconin are 

detected at 618, 570, and 533 nm. In the same way, those for bletilla anthocyanin 1 are observed at 588, 

546, and 510 nm, and those for senecio pink anthocyanin 1 at 564, 530, and 500 nm, respectively. The 

differences of the max values corresponding to the structures A between platyconin and bletilla 

anthocyanin 1, and also between bletilla anthocyanin 1 and senecio pink anthocyanin 1 are approximately 

30 nm. The differences of the max values corresponding to the structures B are roughly 20 nm.  

However, the max values corresponding to the structures C vary rather irregularly in their differences. 

For these anthocyanins, glycosylation and co-pigmentation are recognized to be important stabilizing 

modifications that help to maintain the anthocyanin in colored states. Considering the glycoside patterns 

of the three anthocyanidin types of pigments; such as 3,7-glycoside for platyconin and senecio pink 

anthocyanin 1, and 3,7,3’-glycoside for bletilla anthocyanin 1, their negatively ionized quinonoidal forms 

and neutral quinonoidal forms contribute to the max values of their A and B, respectively (Figure 4). The 

contributions to the observed max A and B may be stemmed from much more negatively ionized 
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4’-quinonoidal and neutral 4’-quinonoidal forms than 5-quinonoidal forms.
5,6

 On the contrary, because of 

none of glycosylation to 7-OH group of aglycone, the pigments bearing 3,5-glycoside or 3-glycoside, 

such as ipomoea red anthocyanin 1,
28

 are able to form 7-quinonoidal structure in addition to 4’- and 

5-quinonoidal structures. Thus, it is difficult to identify the observed max with each structure, since the 

absorption spectra are generally observed as heavily overlapped spectral curves (Charts 1-1 ~ 1-4). The 

values of max corresponding to the structures of A, B, and C vary depending on pH values of the 

solution leading to the changes of their absorbance. The pigments with stabilized colors by making 

co-pigmentation are seriously implicated by their pH values. In fact, the flower color of bletilla 

anthocyanin 1 is extremely stable under neutral condition and exhibits typical three absorption peaks for 

the max of A, B, and C at pH 3.0 – 9.18 with little changes of the absorbance ratio (Chart 1-2).  

 

Table 1. The observed visible λmax (nm) in buffer solutions from pH 1.5 to 9.0 of typical polyacylated 

anthocyanins 

 
*platyconin: delphinidin 3-O-rutinoside-7-O-[6-O-(4-O-(6-O-(4-O-(-glucosyl)-caffeoyl)--glucosyl)-caffeoyl)-- 

glucoside]; bletilla anthocyanin 1: cyanidin 3-O-[6-O-(malonyl)--glucoside]-7-O-[6-O-(p-coumaroyl)- 

-glucoside]-3'-O-[6-O-(4-O-(6-O-(4-O-(-glucosyl)-p-coumaroyl)--glucosyl)-p-coumaroyl)--glucoside]; 

senecio pink anthocyanin 1: pelargonidin 3-O-[6-O-(malonyl)--glucoside]-7-O-[6-O-(4-O-(6-O-(caffeoyl)- 

-glucosyl)-caffeoyl)--glucoside]. **A: anionic quinonoidal base anthocyanin; B: quinonoidal base anthocyanin; 

C: flavylium cation anthocyanin 

 

In the case of senecio pink anthocyanin 1, three absorption peaks for the max A, B, and C are detected 

only at pH 5.6 – 7.4. In more acidic or more alkaline regions, the absorption spectrum of this pigment 

shows characteristic absorption curves exhibiting a single absorption peak corresponding to the max A 

or C, or similar absorption curves with a very weak shoulder corresponding to the max B as depicted in 

Charts 1-1 ~ 1-3. Thus, the analysis of the absorption spectra of anthocyanins may set up a standard way 

to understand the improvement for flower colors. Moreover, it will be possible to speculate the pH values 

in cell sap of fresh flowers based on the absorbance ratios of the max of A, B, and C. 

 

II. The first flower group: flowers comprised of delphinidin type aglycone as their principal 

anthocyanins 

Sixty-seven plants contain similar anthocyanidins (delphinidin type) having hydroxyl groups at 3, 5, 7, 3’, 

4’, and 5’-positions of aglycone such as delphinidin, petunidin, malvidin, and hirsutidin as their main 
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anthocyanins. These flowers are classified into the first flower color group as exhibiting similar color 

features (Table 2).  

 

Table 2. Color, absorption spectra and pigment data from intact fresh petals of garden plants containing 

delphinidin-type pigments 

 

Aglycone Glycoside Acyl Ref.

A B C D A B C D pattern

II-1

(1) Plumbago auriculata B 100D -9.42 634 585 547 (506) 77 100 83 (50) 5-M-Hs 3 82

(2) Heliophila coronopifolia B 99C -1.57 643 583 546 (507) 74 100 84 (52) Dp 3,5 ○ 29

(3) Allium  'Blue Perfume' VB 94C -2.42 632 583 549 (501) 80 100 71 (40) Dp 3 ○ 37

(4) Linum grandiflorum  'Blue Dress' VB 92B -2.45 627 579 548 (507) 74 100 85 (51) Dp 3 44

(5) Leschenaultia  'Violet Lena' B 99C -1.95 629 579 542 (506) 77 100 88 (60) Dp 3,7 ○ 32

(6) Senecio cruentus VB 95B -2.21 623 578 547 (504) 80 100 79 (45) Dp 3,7,3' ○ 30,31

(7) Agapanthus  'Blue Heaven' VB 94D -3.36 626 578 547 (503) 79 100 84 (58) Dp 3,7 ○ 38

(8) Primula  'Julian Blue' VB 89A -1.74 625 578 543 (505) 67 100 91 (60) Hs 3,5 39

(9) Aconitum  spp V 88C -2.42 625 576 539 (505) 76 100 88 (60) Dp 3,7 ○ 33

(10) Platycodon grandiflorus VB 93B -1.52 625 574 541 (506) 75 100 74 (63) Dp 3,7 ○ 16,25

(11) Vinca major VB 93A -2.15 621 574 541 (505) 71 100 92 (64) Dp 3,5 83

(12) Vinca minor VB 93A -2.28 621 574 543 (504) 71 100 89 (59) Dp 3 44

(13) Aquilegia flabellata VB 90A -2.40 628 574 541 (505) 70 100 90 (61) Dp 3,7 ○ 44

(14) Limonium sinuatum V 88A -2.09 624 574 535 (502) 82 100 92 (72) Dp 3,5 84

(15) Triteleia bridgesii V88B -2.07 622 574 545 (505) 65 100 93 (57) Dp 3,5 ○ 34

(16) Campanula medium  'May Blue' VB 90D -1.84 619 570 538 (503) 73 100 91 (62) Dp 3,7 ○ 35,36

II-2-1

(1) Tecophilaea cyanocrocus B 99C -4.53 642 590 (553) (507) 97 100 (70) (36) Dp 3,7 ○ 67

(2) Delphinium hybridum  cv. B 99C -4.49 627 582 (549) (505) 99 100 (82) (47) Dp 3,7 ○ 85

(3) Myosotis sylvatica  'Blue Muttu' B 101B -2.62 616 581 (546) (503) 97 100 (78) (47) Dp 3,5 86

(4) Veronica persica B 100B -5.05 628 581 (550) (510) 83 100 (86) (53) Dp 3,5 ○ 87

(5) Evolvulus pilosus VB 95C -10.55 634 581 (548) (505) 70 100 (81) (48) Dp 3,5 ○ 88

(6) Nigella damascena  'Miss Jekyll Blue' VB 96A -3.65 629 580 (550) (506) 77 100 (85) (54) Pt 3 89

(7) Salvia guaranitica VB 94A -2.48 623 580 (549) (505) 67 100 (84) (59) Mv, Pt, Dp 3,5 ○ 44

(8) Salvia farinacea VB 89C -1.98 621 578 (549) (505) 67 100 (88) (53) Mv 3,5 ○ 44

(9) Ajuga reptans VB 89D -2.56 621 576 (550) (508) 65 100 (90) (58) Dp 3,5 ○ 90

(10) Clitoria ternatea B 99C -5.78 619 575 (540) (500) 99 100 (63) (30) Dp 3,3',5' ○ 40

(11) Lobelia erinus VB 96B -2.16 615 572 (537) (500) 99 100 (64) (31) Dp 3,5,3',5' ○ 91

(12) Clematis  'Negus' V 88A -1.91 613 569 (551) (504) 50 100 (97) (60) Dp 3,3' ○ 44

II-2-2

(13) Tradescantia virginiana V 87A -1.37 (615) 582 545 (512) (57) 100 90 (56) Dp, Cy 3,7,3' ○ 41

(14) Vanda  'Manuel Torres' VB 90B -1.50 (615) 580 545 (511) (64) 100 91 (46) Dp 3,7,3' ○ 92

(15) Polemonium  spp VB 94B -2.11 (626) 579 (554) (509) (64) 100 (92) (54) Dp 3,5 ○ 44

(16) Anemone coronaria  'St Brigid Blue' VB 96B -2.66 (611) 576 547 (507) (64) 100 88 (53) Dp 3,7,3' ○ 93

(17) Saintpaulia  'Thamires' （Solid blue） VB 89A -1.41 (626) 576 550 (506) (54) 100 94 (54) Mv 3,5 94

(18) Eustoma grandiflorum V 88A -1.10 (622) 572 546 (508) (59) 100 100 (72) Dp 3,5 ○ 95

(19) Tibouchina urvilleana V 88A -1.09 (620) 569 551 (504) (50) 100 97 (60) Mv 3,5 ○ 96

II-3-1

(1) Iris germanica  cv. VB 96C -3.34 (625) 581 (556) (510) (58) 100 (87) (38) Dp 3,5 ○ 44

(2) Torenia fournieri VB 89C -1.62 (626) 579 (555) (511) (69) 100 (92) (62) Dp, Pt, Mv 3,5 42

(3) Felicia amelloides VB 91A -3.05 (623) 578 (550) (504) (57) 100 (81) (32) Dp 3,7 97

(4) Paulownia tomentosa PV 82C -1.09 (627) 576 (551) (508) (57) 100 (91) (57) Dp, Pt, Mv 3 44

(5) Wisteria floribunda VB 92C -3.52 (624) 572 (545) (505) (52) 100 (93) (62) Dp, Pt, Mv 3,5 98

(6) Gladiolus  cv. V 86B -0.47 (626) 572 (546) (505) (47) 100 (95) (56) Mv 3,5 99

(7) Nemesia strumosa  'Blue Gem' VB 96D -1.36 - 571 - - - 100 - - Dp 3 44

(8) Lavandula cv. V 88B -1.40 (624) 571 (545) (509) (56) 100 (99) (66) Dp 3,5 ○ 44,100

(9) Callistephus chinensis 'Milady Deep Blue' V 87A -1.40 (630) 569 (541) - (28) 100 (87) - Dp 3,5 44

(10) Lupinus  cv. V 87A -1.56 (628) 565 (546) (503) (52) 100 (96) (54) Dp 3,5 101

(11) Verbena  xhybrida  'Amethyst' V 86A -1.10 (633)      564 (580~540) - (48) 100 - - Dp 3,5 102

II-3-2

(12) Hydrangea macrophylla P 77C -0.47 (604) - 556 - (77) - 100 - Dp 3 68,69

(13) Viola  xwittrockiana V 87A -1.08 (629) (575) 554 (507) (52) (95) 100 (59) Dp 3,5 ○ 103

(14) Petunia  x hybrida  'Baccara blue' V 88A -1.34 (621) (572) 546 (509) (59) (98) 100 (71) Mv 3,5 ○ 44,104

(15) Catharanthus roseus  'Equator Lavender' V 84A -0.59 (628) (563) 545 - (35) (99) 100 - Hs 3 105

(16) Crocus vernus VB 90A -1.68 (626) (575) 542 (505) (42) (89) 100 (76) Dp, Pt 3,5 ○ 106

(17) Prunella vulgaris V 87A -1.08 (618) (571) 541 (505) (62) (98) 100 (72) Dp 3,5 ○ 100

(18) Dianthus caryophyllus  'Moondust Velvet Blue' V 87A -0.62 (619) (570) 541 (509) (53) (94) 100 (76) Dp 3,5 43

(19) Ranunculus asiaticus cv. P 79C -0.51 (631) (557) 537 (505) (16) (89) 100 (79) Dp 3 107

(20) Hosta undulata  cv. V 87D -0.55 (617) (564) 536 (503) (51) (96) 100 (73) Dp, Pt, Mv 3 44

(21) Eichhornia crassipes V 84C -0.82 (616) (563) 531 (508) (49) (83) 100 (88) Dp 3 108

II-4-1

(1) Parochetus communis B 104A 23.38       603 (613~582) 100 Mv 3 44

(2) Lagerstroemia indica PV 80B -0.30 564 100 Dp, Pt, Mv 3 109

(3) Impatiens textori P 78B -0.31       564 (576~553) 100 Mv 3 110

(4) Erythronium japonicum P 77B -0.75 559 100 Dp 3 111

(5) Solanum tuberosum  cv. PV 80B -0.62 (587) 557 (520) (83) 100 (79) Dp,Pt,Mv,Cy,Pn 3,5 ○ 44

(6) Petunia  xhybrida  'Baccara Magenta' P 78A -0.63 556 100 Mv 3,5 ○ 44

(7) Tulipa spp. PV 81A -0.35 556 100 Dp, Cy 3 112

II-4-2

(8) Rhododendron  xpulchrum RP 74B -0.43 548 100 Mv 3,5 113

(9) Impatiens walleriana  'Xtreme Violet' RP 74A -0.17 537 100 Mv 3,5 ○ 44

(10) Lagerstroemia indica RP 67B -0.07 535 100 Dp, Pt, Mv 3 109

(11) Nicotiana  spp 'Perfume Deep Purple' P 79C -0.16 (570) 534 (83) 100 Dp 3 44

Plant cultivars and species

Anthocyanin
dFloral color

R.H.S. Colour

Chart code

number
a

Hue

(b*/a*)
b

λmax(nm) Relative absorbance

Absorbance from intact fresh petal
c
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a
R.H.S. Colour Chart number: B = Blue, VB = Violet-Blue, V = Violet, PV = Purple-Violet, P = Purple, RP = 

Red-Purple; 
b
b*/a*: Hunter values; 

c
A = ionized quinonoidal form, B = quinonoidal form, C = flavylium cation, D 

= unknown; parenthesis = absorption spectrum-shoulder; 
d
main anthocyanidin; 5-M-Hs = 5-methylhirsutidin, Dp = 

delphinidin, Hs = hirsutidin, Mv = malvidin, Pt = petunidin, Cy = cyanidin; glycoside pattern; 3 = 3-glycoside,  

3,5 = 3,5-glycoside,  3,7 = 3,7-glycoside,  3,3',5' = 3,3',5'-glycoside,  3,7,3' = 3,7,3'-glycoside,  3,5,3',5' =  

3,5,3',5'-glycoside; acyl; aromatic acyl 

 

 

In general, it is recognized that at least one of phenolic hydroxy groups of anthocyanins in flowers is 

glycosylated with various types of sugars. Some pigments are present accompanying the sugars acylated 

with aromatic acids in plants. The observed max values of the methylated or glycosylated 

anthocyanidins are usually shifted to shorter wavelength regions than those of unsubstituted 

anthocyanidins. For the sake of clarifying, the positions of methylated or glycosylated hydroxy group are 

summarized in addition to the presence or absence of acylated sugars with aromatic acid in Table 2.  

In this study the relationships between the absorption spectra and flower colors are first investigated by 

using 67 species and/or cultivars of flowers belonging to this group. As the reference data for comparison 

of absorption spectra, the measured values of platyconin were employed, where the max of negatively 

ionized quinonoidal form (A) appeared at 618 nm, neutral quinonoidai form (B) at 570 nm, and flavylium 

cation form (C) at 533 nm, respectively (Table 1, Chart 1-1). As the results of measurement of 67 flowers, 

their max for A, B, and C appear in the regions at 642 – 611 nm, 590 – 556 nm, and 555 – 531 nm, 

respectively. These values are closely related to those of platyconin within ±20 nm indicating the presence 

of the same structures for the anthocyanin pigmentation in these flowers. Again, it is reasonable to 

conjecture that the flower colors of these 67 flowers investigated here arise from the contribution of 

coexistence or alone of the secondary structures (A, B, and C) as similar to the case of platyconin. 

It should be noted that the spectra of this group show a typical absorption peak or a shoulder peak at 510 

– 500 nm, these peaks are not able to assign to any secondary structural feature, and simply summarized 

as the max for D in Tables.  

This group is further divided into four sub-groups depending on the presence or absence of all three 

absorption peaks for the max A, B, and C, and also the difference of the intensities for their specific 

absorbance. These results are reflected in pH values of the vacuoles and also the stalwartness of 

co-pigmentation of anthocyanins in their flowers. For the sake of understanding the relationships between 

the absorption spectra and flower colors, the flower color data of these 67 flowers are obtained by the 

measurement with RHS Colour Chart and also colorimetric method. Their color data recorded by 

CIELAB system are exhibited on the CIE chromaticity diagram, a* and b* values in the diagram (Charts 

2-1 ~ 5-3). 
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II-1: Flowers exhibiting blue to violet, and three absorption peaks for the max A, B, and C 

independently 

Among the above 67 species and/or cultivars of flowers, 16 flowers exhibiting blue to violet-blue color are 

classified into this sub-group (Table 2, II-1). As the representative flower of this sub-group, we illustrate 

the absorption spectral curve of the blue flower of Heliophila coronopifolia in Chart 2-1-1, where three 

absorption peaks for the max A, B, and C are found to exist independently. It was recognized that the 

blue color of this flower was produced by the co-pigmentation of acylated delphinidin 

3-sambubioside-5-glucoside with acylated kaempferol 3,4’-diglucoside-7-cellobioside.
29

 As noted above, 

all three absorption peaks for the max A, B, and C appear independently in the absorption spectral curves 

of this group flowers as similar to that of the solution of platyconin at pH 5.00 – 6.85. The flower color of 

platyconin is known to be stabilized by taking place an intramolecular co-pigmentation between 

anthocyanidin (delphinidin) and aromatic acid (caffeic acid). The similar phenomenon for anthocyanin 

coloration was reported in the blue flowers of Senecio curuentus,
30,31

 Leschenaultia ‘Violet Lena’,
32

 

Aconitum spp.,
33 

Platycodon grandiflorus,
16,25 

Triteleia bridgesii,
34

 and Campanula medium.
35,36 

Moreover, 

another intra- or inter-molecular co-pigmentation between anthocyanidin and flavone or flavonol is also 

reported in the flowers of Heliophila coronopifolia,
29

 Allium ‘Blue Perfume’,
37

 Agapanthus ‘Blue 

Heaven’,
38

 and Primula ‘Julian Blue’.
39

 The distribution of flower colors of this sub-group (II-1) is shown 

on CIE chromaticity diagram in Chart 2-1-2, and is located in rather narrow blue color region as shown in 

its diagram. From these results, the flower colors of this sub-group show relatively stable colors of blue or 

violet-blue which are produced by the co-pigmentation.  

 

 

     

Chart 2-1-1. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group II-1), 

Heliophila coronopifolia; Blue 99C, hue -1.57: λmax(nm) 643(74), 583(100), 546(84), 507sh(52), main 

pigment; delphinidin 3-(2-xylosyl-6-p-coumaroylglucoside)-5-(6-malonylglucoside) and kaempferol 

3-(6-feruloylglucoside)-7-cellobioside-4’-glucoside
29 

Chart 3-1. Absorption spectrum of a typical fresh petal (Group II-1).
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Chart 2-1-2. Distribution of flower colors of Group II-1 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 2.) 
 

 

II-2: Flowers exhibiting blue to violet-blue, and two absorption peaks for the max A and B 

The absorption spectra of the flowers in this sub-group (II-2) also show three absorption peaks for the 

max A, B, and C as similar to those of sub-group II-1. However, the max for A or C is observed as a 

shoulder, which is the characteristic feature of the spectra of this sub-group. Among the 67 flowers 

investigated in this study, 19 flowers are classified into this sub-group, in which 12 flowers are arranged to 

the type as II-2-1, and 7 flowers are arranged to another type as II-2-2 depending upon their absorption 

peaks. As the typical example of II-2-1 bearing a shoulder for the max C, the absorption spectrum of the 

flowers of Clitoria ternatea
40

 is demonstrated in Chart 2-2-1A. On the other hand, the absorption spectral 

curve of the flowers of Tradescantia virginiana
41

 showing a shoulder for the max A is shown in Chart 

2-2-1B as a typical example of II-2-2 type. As seen in the model case of platyconin (Chart 1-1), it is 

interesting to note that the absorption peak of the max C is only observed as a shoulder when the solution 

has > pH 6.85. Whereas, when the solution has < pH 4.0, the absorption peak for the max A is observed 

as a shoulder, or it sometimes disappears in the absorption spectral curve. These results suggested that the 

pH values of cell vacuoles of the flowers (II-2-1 type) are inclined to more alkaline region than those of 

the flowers (II-1 sub-group). On the contrary, the pH values of cell vacuoles of the flowers (II-2-2 type) 

No. RHSCC No. a* b*

(1) B　100C 2.30 -21.66

(2) B　99C 31.64 -49.82

(3) VB　94B 6.64 -16.08

(4) VB　92B 10.12 -24.80

(5) B　99C 21.33 -41.69

(6) VB　95B 15.69 -34.66

(7) VB　94D 5.89 -19.79

(8) VB　89A 9.52 -16.54

(9) V　88B 11.31 -27.70

(10) VB　93B 25.28 -38.31

(11) VB　93A 11.40 -24.52

(12) VB　93A 11.04 -25.15

(13) VB　90A 8.59 -20.60

(14) V　88A 13.14 -27.51

(15) V　88B 7.55 -15.60

(16) VB 90D 10.85 -19.93
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tend to more acidic region than those of the flowers (II-1 sub-group). Again, this group of flowers also 

produces the anthocyanin pigmentation by forming mainly the co-pigmentation similar to the case of the 

flowers of II-1 group. The distribution of flower colors of this sub-group II-2 is shown on CIE 

chromaticity diagram in Chart 2-2-2, and their distribution area is spread more widely than that of the 

flower sub-group II-1. Furthermore, by comparing the flower colors of sub-group II-2-1 type with II-2-2 

type, the distribution of group II-2-1 type is displaced somewhat to blue region than that of group II-2-2 

type. 

 

 

 

Chart 2-2-1A. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group II-2-1), 
Clitoria ternatea; Blue 99C, hue -5.78: λmax(nm) 619(99), 575(100), 540sh(63), 500sh(30), main 

pigment; ternatin A1
9,40 

 

 

 

Chart 2-2-1B. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group II-2-2), 

Tradescantia virginiana; Violet 87A, hue -1.37: λmax(nm) 615sh(57), 582(100), 545(90), 512sh(56), 

main pigment; delphinidin 3-[6-(2-(caffeoyl)-arabinofuranosyl)-glucopyranoside]-7,3’-di-[6-(caffeoyl)- 

glucopyranoside] and its cyanidin analogue
41

 

Chart 3-2. Absorption spectrum of a typical fresh petal (Group II-2-1).
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Chart 3-3. Absorption spectrum of a typical fresh petal (Group II-2-2).
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Chart 2-2-2. Distribution of flower colors of Group II-2 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 2.) 

 

II-3: Flowers exhibiting blue to purple, and one strong peak for the max B or C with a weak 

absorption peak and a shoulder 

The absorption spectra of this sub-group exhibiting one major absorption peak for the max together with 

other two very weak peaks or shoulders are quite different from those of the sub-group II-2, and 21 plants 

are classified to this sub-group. This sub-group is again arranged to II-3-1 and II-3-2 types in detail 

according to the types of their major max. Eleven flowers showing the major absorption peak for 

themax B belong to the type II-3-1, and 10 flowers exhibiting a major peak for the max C belong to the 

type II-3-2. As the typical example of II-3-1 type, the absorption spectral curve of the flowers of Torenia 

fournieri
42

 is shown in Chart 2-3-1A, and that of Dianthus caryophyllus ‘Moondust Velvet Blue’
43

 is 

demonstrated in Chart 2-3-1B as a typical example of II-3-2 type. In the absorption spectral curves of both 

type II-3-1 and II-3-2, the max for A are observed as only shoulders. From the results of absorbance ratio 

(B/C) in the absorption spectral curves of both II-3-1 and II-3-2 types, pH values of flower cell-vacuoles 

of the II-3-2 type are assumed to be inclined to rather acidic regions, and those of the II-3-2 type show 

rather stronger tendency for inclination than those of the II-3-1 type.  

As the glycoside types occurred in flowers of the II-3-1 type are mainly 3,5-glycosides, and a mixture of 

3,5-glycosides and 3-glycosides in those of the II-3-2 type, negatively ionized and/or neutral 

7-quinonoidal structures appear in addition to 4’-quinonoidal structure as their secondary structures in 

both types. The mixture of these structures affords heavily overlapped and complicated broaden spectral 

No. RHSCC No. a* b*

(1) B　99C 14.38 -65.16

(2) B　99C 14.35 -64.44

(3) B　101B 13.70 -35.86

(4) B　100B 2.87 -14.48

(5) VB　95C 4.09 -43.16

(6) VB　96A 9.88 -36.04

(7) VB　94B 15.69 -38.88

(8) VB　89C 21.74 -43.13

(9) VB　89D 10.00 -25.62

(10) B　99C 3.85 -22.27

(11) VB　96B 14.01 -30.28

(12) V　88A 11.99 -22.87

(13) V　87A 33.43 -45.79

(14) VB　90B 27.04 -40.49

(15) VB　94A 12.13 -25.60

(16) VB  96B 9.98 -26.54

(17) VB　89A 30.10 -42.55

(18) V　88A 30.54 -33.60

(19) V　88A 16.96 -18.51
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curves to meet with difficulty for assignment of the max for A, B, and C, respectively. It is suggested 

based on the analysis of absorbance ratio from the absorption peaks for the max A, B, and C that the 

flower colors of the II-3-1 type are produced mostly due to the presence of neutral quinonoidal structure 

(B) together with some presence of flavylium cation form (C). On the contrary, the flower colors of the 

II-3-2 type are generated mainly due to the presence of flavylium cation form (C) in addition to some 

contribution of neutral quinonoidal structure (B). It is rationalized by assuming that the flower colors of 

the sub-group II-3 is preserved owing to not only the presence of co-pigmentation but also self-association 

mechanism especially for maintain the flavylium cation structures. As shown in Chart 2-3-2, the 

distribution of flower colors of this sub-group II-3 are more spread out from blue to purple region. 

Particularly the distribution of flower colors of the II-3-2 type is present in the more reddish region of 

violet or purple color because of increasing of the max C. 

 

 

Chart 2-3-1A. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group II-3-1), 
Torenia fournieri; Violet-Blue 89C, hue -1.62: λmax(nm) 626sh(69), 579(100), 555sh(92), 511sh(62), 

main pigment; 3,5-diglucoside of delphinidin, petunidin and malvidin
42

 

 

      

Chart 2-3-1B. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group II-3-2), 
Dianthus caryophyllus 'Moondust Belbet Blue'; Violet 87A, hue -0.62: λmax(nm) 619sh(53), 570sh(94), 

541(100), 509sh(76), main pigment; delphinidin 3,5-diglucoside(6’’,6’’’-malonyl diesters)
43 

Chart 3-4. Absorption spectrum of a typical fresh petal (Group II-3-1).
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Chart 3-5. Absorption spectrum of a typical fresh petal (Group II-3-2).
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Chart 2-3-2. Distribution of flower colors of Group II-3 on CIE chromaticity diagram 

(Numbers in the figure refer to number of plants listed in Table 2.) 

 

II-4: Flowers exhibiting only one absorption peak for the max A, B or C 

The absorption spectra of flowers of this sub-group II-4 show finely simple bilateral symmetric curves, 

characteristically, as can be seen in the absorption spectral curve of Petunia x hybrida ‘Baccara 

Magenta’
44

 as a representative example (Chart 2-4-1), and 11 flowers belong to this sub-group (II-4). The 

flowers of this sub-group usually exhibit reddish colors except for Parochetus communis,
44

 and their 

spectral curves exhibit only one absorption peak corresponding to the max B or C at 564 – 534 nm 

without any absorption shoulder. Since it is difficult to assign the observed max for B or C, the flowers 

are tentatively sorted to two types as a rough indication. The flower colors of the type II-4-1 showing the 

max at shorter wavelength than 548 nm is considered to be produced on the flavylium cation form (C). 

The other type II-4-2 showing the max at longer wavelength than 556 nm is considered based on the 

neutral quinonoidal form (B) (see in Table 2). As mentioned above as an exception, the spectrum of the 

flowers of Parochetus communis shows the max at 603 nm, which is presumed to be derived from the 

negatively ionized quinonoidal form (A). Therefore, its vacuole is assumed to indicate relatively strong 

alkaline as the same as the cases of Ipomoea nil,
45

 I. tricolor,
46

 and Strongylodon macrobotrys,
47

 however, 

there is no report on the pH study of this flower, unfortunately. The major glycoside of this sub-group II-4 

is 3-glycoside type which is much simpler than that of the sub-group II-3. Since the hydroxy groups at 5, 7 

No. RHSCC No. a* b*

(1) VB　96C 7.54 -25.18

(2) VB　89C 25.20 -40.87

(3) VB　91A 10.51 -32.02

(4) VB　94C 12.38 -13.54

(5) VB　92C 4.01 -14.10

(6) V　86B 41.50 -19.50

(7) B 101B -0.10 -21.30

(8) V　88B 22.58 -31.61

(9) V　87A 24.37 -34.05

(10) V　87A 19.14 -29.92

(11) V　86A 15.12 -16.68

(12) B　101A 5.16 -41.48

(13) V　87A 32.14 -34.70

(14) V　88A 11.41 -15.29

(15) V　84A 35.87 -21.05

(16) VB　90B 11.96 -20.05

(17) V　87A 23.96 -25.92

(18) V　87A 62.78 -39.05

(19) P　79C 17.80 -9.08

(20) V　87D 6.79 -3.76

(21) V　84C 10.32 -8.51
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and 4’-positions are free from glycosides, the absorption spectral curves of this sub-group are produced by 

the mixture of 4’-, 7- and/or 5-quinonoidal structures in addition to the flavylium cation form. Therefore, 

their absorption spectral curves are observed as one heavily overlapped spectral curve.  

 

   

Chart 2-4-1. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group II-4-1), 

Petunia ×hybrida 'Baccara Magenta'; Purple 78A, hue -0.63: λmax(nm) 556(100), main pigment; 

malvidin 3-p-coumaroylrutinoside-5- glucoside
44 

 

 

Chart 2-4-2. Distribution of flower colors of Group II-4 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 2.) 

 

It is also rationalized by assuming that the flower colors of this sub-group are stabilized by forming a 

relatively unpunctual weak intermolecular co-pigmentation and/or self-association because of the absence 

of intricately acylated sugars with aromatic acids on the anthocyanin for this sub-group. The distribution 

Chart 3-6. Absorption spectrum of a typical fresh petal (Group II-4-1).

Wavelength (nm)

A
b
so

rb
an

ce

No. RHSCC No. a* b*

(1) B 104A -1.67 -39.05

(2) PV 80B 24.55 -13.82

(3) P 78B 41.09 -12.85

(4) P 77B 18.83 -14.16

(5) PV 80B 35.75 -22.25

(6) P 78A 30.48 -19.12

(7) PV 81A 24.35 -8.42

(8) RP 74B 36.63 -15.88

(9) RP 74A 35.08 -5.83

(10) RP 67B 27.83 -3.25

(11) P 79C 10.28 -4.14
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of flower colors of this sub-group II-4 is shown on CIE chromaticity diagram in Chart 2-4-2. As shown in 

this diagram, their distribution is shifted to most reddish regions in this group II. Thus, the flowers of this 

sub-group show from purple-violet to red-purple color with an exception of the blue flower color of 

Parochetus communis. This shift to reddish region may be responsible for the increase of the flavylium 

cation form (C) in their flowers. 

 

III. The second flower group: flowers comprised of cyanidin type aglycone as their principal 

anthocyanins 

The anthocyanins having hydroxy groups at 3, 5, 7, 3’, and 4’-positions of aglycones such as cyanidin and 

peonidin, are classified to the floral pigments of this second flower group. Thirty-eight flowers belong to 

this group, and the relationships between their absorption spectra and flower colors are investigated as 

above (Table 3).  

 

Table 3. Color, absorption spectra and pigment data from intact fresh petals of garden plants containing 

cyanidin-type pigments 

 

Aglycone Glycoside Acyl Ref.

A B C D A B C D pattern

III-1-1

(1) Bletilla striata PV 80B -0.60 590 548 513 (480) 100 97 56 (25) Cy 3,7,3' ○ 26

(2) xLaeliocattleya  'Mini Purple' PV 81A -0.57 589 547 513 (480) 99 100 60 (30) Cy 3,7,3' ○ 114

(3) Senecio cruentus P 78A -0.76 589 547 517 (481) 98 100 64 (31) Cy 3,7,3' ○ 115

(4) Tradescantia virginiana PV 82A -0.76 584 545 513 (477) 100 96 86 (30) Cy 3,7,3' ○ 41

(5) Vanda  'Fuchs Delight' PV 80A -0.35 585 544 514 (478) 96 100 64 (38) Cy 3,7,3' ○ 92

(6) Dendrobium 'Pramot' P 78C -0.52 585 544 510 (478) 100 100 61 (31) Cy 3,7,3' ○ 116

III-1-2

(7) Aubrieta xcultorum 'Royal Violet' V 87A -1.20 609 561 (532) (489) 90 100 (89) (57) Cy 3,5 ○ 49

(8) Lobelia erinus 'Rosamond' PV 81A -0.56 585 552 (519) (479) 84 100 (76) (42) Cy 3,5,3' ○ 50

(9) Anemone coronaris 'St. Brigid' RP 73B -0.56 581 542 (512) (473) 76 100 (70) (40) Cy 3,7,3' ○ 51

III-2-1

(1) Orychophragmus violaceus VB 90C -1.28 (590) 557 (527) (499) (81) 100 (76) (42) Cy 3,5 ○ 52

(2) Ionopsidium acaule V 85D -0.62 (587) 556 (526) (84) 100 (77) Cy 3,5 ○ 117

(3) Raphanus sativus PV 80C -0.66 (583) 556 (527) (485) (88) 100 (81) (34) Cy 3,5 ○ 44

(4) Bletilla striata 'Murasaki Shikibu' V 86D -1.07 (590) 555 (524) (484) (80) 100 (77) (38) Cy 3,7 ○ 118

(5) Matthiola incana 'Vintage Lavender' V 84A -0.71 (578) 554 (518) (485) (88) 100 (76) (44) Cy 3,5 ○ 119

(6) Iberis umbellata 'Purple Flash' PV 81A -0.57 (585) 554 (523) (482) (92) 100 (91) (62) Cy 3,5 ○ 120

(7) Lobularia maritima 'Easter Bonnet Violet' PV 81A -0.47 (578) 554 (512) (490) (95) 100 (84) (70) Cy 3,5 ○ 53

(8) Hesperis matronalis P 78C -0.95 (589) 554 (527) (507) (83) 100 (87) (60) Cy 3,5 ○ 121

(9) Aubrieta xcultorum 'Royal red' P 78A -0.57 (584) 547 (529) (499) (84) 100 (97) (85) Cy 3,5 ○ 49

(10) Cheiranthus cheiri 'Vega Rose Red' R 54A 0.15 (577) 545 (521) (487) (83) 100 (93) (76) Cy 3,5 ○ 53

(11) Clematis 'Red Pearl' PV 80A -0.33 (614) 568~557 (546) (59) 100 (98) Cy, Dp 3,3' ○ 44

III-2-2

(12) Lunaria annua P 78C -0.39 (598) (546) 527 (490) (57) (97) 100 (63) Cy 3,5 ○ 53

(13) Sophronitis coccinea OR 33A 0.42 (575) (531) 502 (460) (46) (96) 100 (88) Cy 3,7,3' ○ 54,55

III-3-1

(1) Ipomoea tricolor 'Heavenly Blue' B 101A -5.51 603 100 Pn 3,5 ○ 56,57

(2) Ipomoea purpurea VB 89A -0.99 601~556 100 Cy 3,5 ○ 58

III-3-2

(3) Tulipa spp RP 65B 0.12 554 100 Cy 3 112

(4) Malcolmia maritima PV 81B -0.60 (597) 552 (59) 100 Cy 3,5 ○ 65

(5) Gloriosa rothschildiana RP 61B 0.19 552 100 Cy 3 61

(6) Leschenaultia formosa 'Red Splash' R 43A 0.95 544 498
+
 460

+ 100 Cy 3 62

(7) Lathyrus odoratus RP 70D 0.06 542 100 Cy 3 122

(8) Ranunculus asiaticus cv. R 44B 0.45 542 482
+
 450

+
 420

+ 100 Cy 3 107

(9) Verbena xhybrida  'Obsession Pink' RP 73A 0.04 540 100 Cy, Pg 3,5 123

(10) Begonia xsemperflorens-cultorum  'Lasher Pink' RP 68B -0.02 532 100 Cy 3 124

III-3-3

(11) Viola xwittrockiana RP 59B 0.23 529 100 Cy 3,5 ○ 125,126

(12) Rosa hybrids R 53C 0.42 529 100 Cy 3,5 127

(13) Petunia xhybrida 'Baccara Pink' RP 68A -0.26 527 100 Pn 3,5 ○ 64

(14) Disa Sid Cywes 'Marlene' R 46C 0.86 520 100 Cy 3,5 63

(15) Begonia xsemperflorens-cultorum 'Kogyoku' R 43B 0.53 519 100 Cy 3 124

(16) Petunia xhybrida 'Baccara Red' R 45B 0.38 516 100 Cy 3 128

Plant cultivars and species

Floral color Absorbance from intact fresh petal
c

Anthocyanin
d

R.H.S. Colour

Chart code

number
a

Hue

(b*/a*)
b

λmax(nm) Relative absorbance
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a
R.H.S. Colour Chart number: B = Blue, VB = Violet-Blue, V = Violet, PV = Purple-Violet, P = Purple, RP = 

Red-Purple, R = Red, OR = Orange-Red, GP = Grayed-Purple; 
b
b*/a*: Hunter values; 

c
A = ionized quinonoidal 

form, B = quinonoidal form, C = flavylium cation, D = unknown; parenthesis = absorption spectrum-shoulder; 
d
main

 
anthocyanidin; Dp = delphinidin, Cy = cyanidin, Pg = pelargonidin, Pn = peonidin; glycoside pattern; 3 = 

3-glycoside,  3,5 = 3,5-glycoside,  3,7 = 3,7-glycoside,  3,5,3' = 3,5,3'-glycoside,  3,7,3' = 3,7,3'-glycoside; 

acyl; aromatic acyl. * = carotenoids 

 

 

As the reference data for comparison with the absorption spectra of flowers in this group, the absorption 

spectral data of bletilla anthocyanin 1 in the buffer solution were employed just as those of platyconin for 

the first flower group (Table 1). The purple-red flower color of bletilla anthocyanin 1, one of the most 

stable polyacylated anthocyanins, is believed to be stabilized by making an intense co-pigmentation via a 

vertical stacking process (higher-order structure).
9,26,48

 The results of the absorption spectral measurement 

for the flowers of this group are summarized in Table 3.  

For bletilla anthocyanin 1, three absorption peaks for the max A, B, and C corresponding to the 

negatively ionized quinonoidal form (A), neutral quinonoidal form (B), and flavylium cation form (C) 

appear at 588, 546, and 510 nm, and those of the second flower group appear at 605 – 570, 564 – 520, and 

532 – 486 nm, respectively. The observed differences in the max values are almost the same as those of 

platyconin, a delphinidin type anthocyanin, within ±20 nm. Based on these results, the flowers of this 

second group are further classified into three sub-groups (III-1, III-2, and III-3) according to the particular 

absorption spectral patterns of the max A, B, and C. 

 

 

  

Chart 3-1-1A. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group III-1-1), 
Bletilla striata; Purple-Violet 80B, hue -0.60: λmax(nm) 590(100), 548(97), 513(56), 480sh(25), main 

pigment; bletilla anthocyanin 1
26 

 

 

Chart 4-1. Absorption spectrum of a typical fresh petal (Group III-1-1).

Wavelength (nm)
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Chart 3-1-1B. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group III-1-2), 

Aubrieta ×cultorum 'Royal Violet'; Violet 87A, hue -1.20: λmax(nm)  609(90), 561(100), 532sh(89), 

489sh(57), main pigment; cyanidin 3-sinapoylsambubioside-5-malonylglucoside and kaempferol 

3-sinapoylsophoroside- 7-sinapoylcellobioside
49 

 

 

Chart 3-1-2. Distribution of flower colors of Group III-1 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 3.) 

 

III-1: Flowers exhibiting violet-blue to purple, and three or two absorption peaks for the max A, B 

and/or C 

Flowers of nine species and/or cultivars are classified into this sub-group III-1 (Table 3), and two 

absorption spectral peak patterns are observed in these flowers. These flowers are further divided into 

III-1-1 and III-1-2 types. As the former III-1-1 type, 6 flowers clearly show three absorption spectral peaks 

Chart 4-2. Absorption spectrum of a typical fresh petal (Group III-1-2).

Wavelength (nm)
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No. RHSCC No. a* b*

(1) PV 80B 47.74 -28.79

(2) PV 81A 72.34 -41.23

(3) P 78A 35.08 -26.82

(4) PV 82A 49.03 -37.06

(5) PV 80A 49.36 -17.05

(6) P 78C 49.36 -25.56

(7) V 87A 22.29 -26.65

(8) PV 81A 24.42 -13.64

(9) RP 74D 33.33 -18.63
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for the max corresponding to A, B, and C independently, and the typical absorption spectral curve of 

Bletilla striata
26

 is demonstrated in Chart 3-1-1A. For the later III-1-2 type, three flowers are grouped and 

recognized to exhibit two absorption spectral peaks corresponding to the max A and B, and a shoulder 

for the max C. In Chart 3-1-1B, the spectral curve of Aubrieta xcultorum ‘Royal Violet’
49

 is shown. In 

the III-1-1 type, the flowers of Bletilla striata contain bletilla anthocyanin 1 as its main anthocyanin 

pigment, and other flowers of this type comprised of polyacylated anthocyanins, intensely associated with 

an intramolecular co-pigmentation, as the major anthocyanins.
9
    

In the III-1-2 type, the flowers of Lobelia erinus
50

 and Anemone coronaria ‘St. Brigid’
51

 containing 

polyacylated anthocyanins as the major pigments, are believed to form an intramolecular co-pigmentation. 

However, the flowers of Aubrieta xcultorum ‘Royal Violet’ containing acylated anthocyanins (acylated 

with only one molecule of aromatic acid) as its major pigments, are recognized to form an intermolecular 

co-pigmentation with flavonol.
49

 Both intra- and intermolecular co-pigmentations are observed to 

maintain stable flower colors in flowers of the III-1-2 type. The distribution of flower colors of this 

sub-group III-1 is shown on CIE chromaticity diagram (Chart 3-1-2). Their flower colors distribute in the 

region of violet-blue to purple. 

III-2: Flowers exhibiting violet-blue to orange-red, and only one absorption spectral peak for the 

max B or C with shoulders 

Thirteen flowers are grouped into the sub-group III-2 as shown in Table 3, and their absorption spectral 

peak show only one high absorption peak for the max B or C with two shoulders. Eleven flowers from 

this sub-group having one absorption peak for the max B together with two shoulders for A and C are 

further divided as III-2-1 type, in which the flowers of Orychophragmus violaceus
52

 are involved and its 

absorption spectral curve is shown in Chart 3-2-1A.  

 

   

Chart 3-2-1A. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group III-2-1), 
Orychophragmus violaceus; Violet-Blue 90C, hue -1.28: λmax(nm) 590sh(81), 557(100), 527sh(76), 

499sh(42), main pigment; orychophragmus violet-blue anthocyanin 1
52 

Chart 4-3. Absorption spectrum of a typical fresh petal (Group III-2-1).

Wavelength (nm)
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Chart 3-2-1B. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group III-2-2), 
Lunaria annua; Purple 78C, hue -0.39: λmax(nm) 598sh(57), 546sh(97), 527(100), 490sh(63), main 

pigment; cyanidin 3-p-coumaroylsambubioside-5-malonylglucoside
53

 

 

 

Chart 3-2-2. Distribution of flower colors of Group III-2 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 3.) 

 

On the other hand, 2 flowers showing an absorption spectral peak for the max C together with two 

shoulders corresponding to the max A and B are put into the same type of III-2-2, in which the flowers of 

Lunaria annua
53

 are involved and its spectral curve is demonstrated in Chart 3-2-1B.  

It is noteworthy that the major glycosides in the flowers of the sub-groups III-1 and III-2 are mainly 

reported to be 3,7,3’-glycosides and 3,5-glycosides, respectively (Table 3). As mentioned in the case of the 

sub-group II-3, the flowers of the sub-group III-2 also contain negatively ionized and/or neutral 

Chart 4-4. Absorption spectrum of a typical fresh petal (Group III-2-2).

Wavelength (nm)
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No. RHSCC No. a* b*

(1) VB 90C 22.20 -28.40

(2) V 85D 7.70 -4.79

(3) PV 80C 26.45 -17.51

(4) V 86D 22.93 -24.43

(5) V 84A 40.08 -28.40

(6) PV 81A 53.71 -30.61

(7) PV 81A 21.43 -9.99

(8) P 78C 23.59 -22.50

(9) P 78A 24.46 -13.86

(10) R 54A 38.43 5.88

(11) PV 80A 19.24 -6.34

(12) P 78B 42.78 -16.71

(13) OR 33A 60.57 25.22
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7-quinonoidal forms in addition to 4’-quinonoidal form as their secondary structures. Again, the mixture 

of these secondary structures affords heavily overlapped and complicated broaden absorption spectral 

curves. The spectral features of III-2-2 type of flowers are mainly based on the max C of the flavylium 

cation form, therefore, the cell vacuole in this type of flowers is assumed to be rather acidic.  

The stable flower colors of this sub-group III-2 are thought to be maintained by forming an 

intramolecular co-pigmentation, since the flowers are comprised of polyacylated anthocyanins having 

several aromatic acids in their molecules. However, the acylation of aromatic acids is mainly restricted to 

take place with sugars which are present at the 3-position of anthocyanidin, except for some flowers in 

this sub-group. Thus, the sandwich-like stacking effect of this sub-group for the co-pigmentation is 

estimated to be a bit weaker than the case of III-1 possessing acylated sugars both at 7- and 3’-positions.
9
 

In Chart 3-2-2, the flower color distribution of this sub-group III-2 are indicated to be from the violet-blue 

to red regions except for orange-red flowers of Sophronitis coccinea in which carotenoid pigments are 

contained.
54,55

 The distribution pattern of the sub-group III-2 is similar to that of the sub-group III-1 

(Chart 3-1-2) with slight displacement to red color region in the diagram. 

III-3: Flowers exhibiting only one absorption spectral peak for the max A, B or C 

Flowers of sixteen species and/or cultivars are grouped to this sub-group III-3, and the characteristic 

features of their absorption spectra are observed as the simple bilateral symmetric curves without 

accompanying any shoulder peaks, as similar to those of the sub-group II-4 (Chart 2-4-1). Their 

absorption spectral curves showing only one peak for the max are quite different from those of 

sub-groups III-1 and III-2. Furthermore, the flowers of this sub-group III-3 are divided into three types 

III-3-1, III-3-2, and III-3-3, dependent on the wavelength values of their max (see Table 3). The flowers 

showing the max corresponding to negatively ionized quinonoidal form (A) are grouped as the III-3-1 

type involving 2 species of Ipomoea flowers, I. tricolor
56,57

 and I. purpurea.
58

 Similarly, the flowers 

showing the max corresponding to neutral quinonoidal form (B) and flavylium cation form (C) are 

grouped as III-3-2 and III-3-3 types, respectively. It is important to note that the flowers of III-3-1 type 

contain simple 3,5-glycosides, and those of III-3-2 and III-3-3 types have much simpler 3-glycosides. 

Moreover, the heavily acylated anthocyanins with aromatic acids does not take place in flowers of this 

sub-group III-3 except for Ipomoea plants. These facts suggested that the flower colors of this sub-group 

III-3 are stabilized by forming both an intermolecular co-pigmentation and/or self-association just like the 

case of the sub-group II-4. This assumption is supported by the isolation of the pigments, genuine red 

anthocyanins, possessing a quinonoidal forms of cyanin and pelargonidin from the deep red flowers of 

Rosa hybrid, Centaurea cyanus, and Dahlia variabilis, without the use of acidic solvents.
59,60

 Again, the 

difficulty is encountered to assign each absorption peak corresponding to the max A, B, or C in the 
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absorption spectral curves of this sub-group, since the mixture of the structures due to 7- and 

5-quinonoidal forms in addition to 4’-quinonoidal form affords heavily overlapped and complicated 

broaden absorption spectral curves. The flowers of Ipomoea tricolor belong to the III-3-1 type, and its 

absorption spectrum is demonstrated in Chart 3-3-1A as a typical example of this III-3-1 type of flowers. 

Both flowers of genus Ipomoea plants comprise of polyacylated anthocyanins,
56-58

 and the vacuoles of I. 

tricolor and I. nil indicate strong alkaline.
45,46

 Thus, the absorption spectrum of I. tricolor is observed as 

just a bit of desymmetrized curves at the short wavelength region. Although the observed peak of the 

max is obviously due to the structure A, some contribution of the structures B and C is also imagined for 

this phenomenon in its absorption spectral curve.  

In the absorption spectral curves of flowers of the III-3-2 type, the max corresponding to B are found at 

554 – 532 nm, and the spectral curve of Gloriosa rothschildiana
61

 is shown in Chart 3-3-1B as the 

representative curve of this type. Interestingly, the flower colors of Leschenaultia formosa ‘Red Splash’
62

 

and Disa ‘Sid Cywes Marlene’
63

 are known to be affected by the presence of carotenoids.   

   

Chart 3-3-1A. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group III-3-1), 
Ipomoea tricolor 'Heavenly Blue'; Blue 101A, hue -5.51: λmax(nm) 603(100), main pigment; heavenly 

blue anthocyanin
56,57 

 

  

Chart 3-3-1B. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group III-3-2), 
Gloriosa rothschildiana; Red-Purple 61B, hue 0.19: λmax(nm) 552(100), main pigment; cyanidin 

3-glucoside
61 

Chart 4-5. Absorption spectrum of a typical fresh petal (Group III-3-1).
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Chart 4-6. Absorption spectrum of a typical fresh petal (Group III-3-2).
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Chart 3-3-1C. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group III-3-3), 

Petunia ×hybrida 'Baccara Pink'; Red-Purple 68B, hue -0.26: λmax(nm) 527(100), main pigment; 

peonidin 3-p-coumaroylrutinoside-5-glucoside
64

 

 

Chart 3-3-2. Distribution of flower colors of Group III-3 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 3.) 

 

The spectrum of Petunia x hybrida ‘Baccara Pink’
64

 is demonstrated in Chart 3-3-1C as a typical example 

of the III-3-3 type of 7 flowers, in which the max corresponding to C is found as similar to the case of 

the sub-group II-4. The flower vacuoles of III-3-3 type is thus conceivable to be acidic, and the same 

mechanism for preservation of the flower colors, an intermolecular co-pigmentation and/or 

self-association, is considered to take place as in the case of the sub-group II-4. The flower color 

distribution is shown on CIE chromaticity diagram, and their flower colors are present in the region of 

purple-red to red except for three flower colors of I. tricolor (blue), I. purpurea (violet-blue), and 

Malcolmia maritima (purple-violet).
65

 The flower color location of the sub-group III-3 is situated in the 

most reddish color regions in the group III except for the above three flowers (Chart 3-3-2). 

Chart 4-7. Absorption spectrum of a typical fresh petal (Group III-3-3).

Wavelength (nm)
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No. RHSCC No. a* b*

(1) B 101A 8.96 -49.35

(2) VB 89A 33.69 -33.44

(3) RP 65B 18.98 2.34

(4) PV 81B 46.07 -27.46

(5) RP 61B 31.40 5.87

(6) R 43A 44.35 42.24

(7) RP 70D 27.10 1.60

(8) R 44B 36.19 16.11

(9) RP 73A 35.82 1.36

(10) RP 68B 44.99 -0.69

(11) RP 59B 15.06 3.40

(12) R 53C 21.18 8.92

(13) RP 68A 44.37 -11.66

(14) R 46C 63.25 54.37

(15) R 43B 54.46 28.92

(16) R 45B 33.62 12.79
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IV. The third flower group: flowers comprised of pelargonidin type aglycone as their principal 

anthocyanins 

The anthocyanins having hydroxy groups at 3, 5, 7, and 4’-positions of aglycones, such as pelargonidin, 

are classified to the floral pigments of this group IV, and 13 flowers belong to this group (Table 4) in this 

study. As discussed in the section I, the spectral data of senecio pink anthocyanin 1 is employed as the 

reference data where the absorption spectral peak for the max A appears at 564 nm, together with the 

max for B and C at 530 and 500 nm, respectively, for comparison of the absorption spectra of this group. 

Actually, three absorption peaks of this pelargonidin type flowers appear in the regions at 577 – 558 nm, 

542 – 510 nm, and 518 – 488 nm for the max A, B, and C, respectively (Table 4). These varying values 

are closely related to those of delphinidin-type flowers and also cyanidin-type flowers within ±20 nm 

difference from their reference data indicating the presence of pelargonidin structure as the aglycones for 

their main anthocyanin pigments in these flowers. Thirteen flowers of this group are further classified into 

two sub-groups according to the absorption peak pattern of the max for A, B, and C. The sub-group IV-1 

includes 4 flowers which show three absorption peaks for the max A, B, and C, separately, or at least 

one peak and two shoulders in their absorption spectral curves. As a typical example of this sub-group, 

the absorption spectral curve of Campanula medium ‘May Pink’
36

 is shown in Chart 4-1-1. The similar 

spectral curve is also demonstrated for the flowers of Senecio cruentus
27

 (Table 4).  

 

Table 4. Color, absorption spectra and pigment data from intact fresh petals of garden plants containing 

pelargonidin-type pigments 

 

a
R.H.S. Colour Chart number: P = Purple, RP = Red-Purple, R = Red, OR = Orange-Red; 

b
b*/a*: Hunter values; 

c
A 

= ionized quinonoidal form, B = quinonoidal form, C = flavylium cation, D = unknown; parenthesis = absorption 

spectrum-shoulder; 
d
main anthocyanidin; Cy = cyanidin, Pg = pelargonidin, Ro = rosinidin, 7-M-Cy = 

7-methyl-cyanidin; glycoside pattern; 3 = 3-glycoside,  3,5 = 3,5-glycoside,  3,7 = 3,7-glycoside; acyl; aromatic 

acyl.
 

 

Both flowers in this sub-group IV-1 comprise of polyacylated anthocyanins with the glycoside type of 

3,7-glycosides. Other 2 flowers of this sub-group have 3,5-glycoside instead of 3,7-glycoside, and two 

Aglycone Glycoside Acyl Ref.

A B C D A B C D pattern

IV-1

(1) Senecio cruentus RP 73A -0.27 577 542 (515) 457 83 100 (82) 50 Pg 3,7 ○ 27

(2) Campanula medium  'May Pink' RP 65B -0.27 570 531 (504) 454 93 100 (77) 56 Pg 3,7 ○ 36

(3) Saintpaulia  'Thamires' （Solid pink） RP 68A -0.22 (576) 542 (508) (76) 100 (72) Pg 3,5 44

(4) Salvia splendens R 41A 0.57 (558) (510) 488 (47) (90) 100 Pg 3,5 ○ 129

IV-2-1

(1) Callistephus chinensis  'Scarlet' RP 61C 0.05 541 100 Pg 3 44

(2) Verbena  xhybrida  'Obsession Red with Eye' R 45B 0.22       531 (550~511) (443) 100 (74) Pg 3 130,131

(3) Plumbago indica  'Synm Rosea' R 52A 0.34 525 (441) 100 (52) Pg 3 132

(4) Salvia microphylla  'Hot Lips' RP 57A 0.19 523 100 Pg 3,5 ○ 44

(5) Dianthus caryophyllus R 44B 0.42 522 (438) 100 (14) Pg 3 133

(6) Anemone coronaris  'St. Brigid Red' R 42B 0.48 522 440 100 61 Pg 3 66

(7) Tulipa  spp 'Orange' R 45B 0.44 520 100 Pg, Cy 3 112

IV-2-2

(8) Impatiens walleriana  'Xtreme Scarlet' R 43A 0.57 511 100 Pg 3,5 ○ 44

(9) Catharanthus roseus  'Equator Deep Apricot' OR 33A 0.38 511 100 Ro, 7-M-Cy 3 134

Plant cultivars and species

Floral color Absorbance from intact fresh petal
c

Anthocyanin
d

R.H.S. Colour

Chart code

number
a

Hue

(b*/a*)
b

λmax(nm) Relative absorbance
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shoulders and one peak for the max A, B, or C are observed in their absorption spectral curves. The 

glycoside types of the sub-group IV-2 consisting of 9 flowers is mainly a simple 3-glycoside, and the 

broaden absorption band with only one peak for the max B or C at 550 – 450 nm is observed as the 

characteristic feature for the absorption spectral curve in this sub-group flowers just as similar to the cases 

of the sub-groups II-4 and III-3. As a typical example of this sub-group IV-2, the absorption spectral 

curve of Anemone coronaris ‘St. Brigid Red’
66

 is shown in Chart 4-2-1. In the sub-group IV-2, nine 

flowers are further subdivided into two types (IV-2-1 and IV-2-2) according to their observed max 

corresponding to B or C. The flowers having the max at 541 – 520 nm for the max B are grouped as 

the IV-2-1 type, and 7 flowers belong to this type.  

 

 

Chart 4-1-1. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group IV-1), 
Campanula medium 'May Pink'; Red-Purple 65B, hue -0.23: λmax(nm) 570(93), 531(100), 504sh(77), 

454(56), main pigment; rubrocampanin
35,36 

 

 

   

Chart 4-2-1. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group IV-2-1), 
Anemone coronaris 'St. Brigid Red'; Red 42B, hue 0.48: λmax(nm) 522(100), 440(61), main pigment; 

pelargonidin 3-[2-(xylosyl)-6-(3-(3-(4-(glucosyl)-caffeoyl)-2-tartaryl)-malonyl)galactoside]
66 

 

Chart 5-1. Absorption spectrum of a typical fresh petal (Group IV-1).
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Chart 5-2. Absorption spectrum of a typical fresh petal (Group IV-2-1).
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Chart 4-1-2. Distribution of flower colors of Group IV-1 on CIE chromaticity diagram 

(Numbers in the figure refer to number of plants listed in Table 4.) 

 

 

Chart 4-2-2. Distribution of flower colors of Group IV-2 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 4.) 

 

Whereas, the flowers having the max for C at 511 nm are grouped as the IV-2-2 type, and 2 flowers 

belong to this type. It may be considered that the contribution of both intermolecular co-pigmentation 

and/or self-association is a main factor for the stabilization of flower colors in the anthocyanin 

pigmentation of this sub-group IV-2, since the major glycoside types of this sub-group are simple 

No. RHSCC No. a* b*

(1) RP 73A 43.47 -11.63

(2) RP 65B 19.62 -4.49

(3) RP 68A 54.98 -12.13

(4) R 41A 30.20 17.20
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No. RHSCC No. a* b*

(1) RP 61C 48.00 2.20

(2) R 45B 33.33 10.50

(3) R 52A 58.69 19.97

(4) RP 57A 42.34 11.21

(5) R 45B 26.75 11.40

(6) R 42A 41.08 19.84

(7) R 45B 37.42 16.53

(8) R 45B 31.93 14.54

(9) OR 33A 43.56 16.37
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3-glycisides, and reasonably the same phenomena are also recognized in the flowers of sub-group II-4 

and III-3 having 3-glycoside type as the major glycoside type. In Charts 4-1-2 and 4-2-2, the distribution 

of flower colors of this group IV is shown on CIE chromaticity diagrams. The flower colors of the 

sub-group IV-1 are distributed mainly in red-purple, and those of the sub-group IV-2 distribute mainly in 

red. 

 

V. The fourth flower group: flowers having metal complex anthocyanins as their principal 

anthocyanins, and also flowers showing characteristic absorption peaks in the long wavelength 

region at 650 – 750 nm as their absorption spectra 

We discussed above the relationships between flower colors, absorption spectra and structures of 

pigments in the flowers, particularly by focusing on absorption spectral peaks for the max A, B, and C 

and flower colors according to three structural features of aglycones; such as delphinidin, cyanidin, and 

pelargonidin types. However, as exceptional cases, flowers of 21 out of 139 species and/or cultivars in 

this study can’t be classified into the above three groups. Since those flowers exhibit an anomalous max 

at 650 – 750 nm (corresponding to S) in their absorption spectral curves, they are classified as V group. 

Flowers of this group are further divided into three sub-groups, in which flowers containing 

metalloanthocyanins (metal complex pigments) as main anthocyanins are grouped as the sub-group V-1. 

Moreover, the flowers of the sub-group V-2 are based on cyanidin-type pigments but their flowers 

exhibiting the max exceptionally shifted (>50 nm) to longer wavelength region than normal cyanidin 

type pigments. The flowers belonging to the sub-group V-3 exhibit the max at 670 – 706 nm as those of 

chlorophyll pigments, however, the experiments for confirmation of reproducibility was not attempted 

here.  

V-1: Flowers containing metalloanthocyanins 

Table 5 indicates the major anthocyanins, flower colors, max of absorption spectra, and their relative 

absorbance from intact fresh petals of this sub-group (V-1). In these flowers, the presences of metal 

complex pigments are well known to play an important role for their flower coloration.
10,67

 In the 

absorption spectral curves of these flowers, a highly similar common spectral pattern is observed (Charts 

5-1-1A ~ 1E) except for that of Hydrangea macrophylla.
19,68,69

 For example, the flowers of Salvia 

patens
10,67,70

 show the max at 719 nm (corresponding to S), and in the same manner, those of Nemophila 

menziesii
67

 and Centaurea cyanus
10,71,72

 are found at 715 and 681 nm, respectively. However, the max of 

the flowers of Commelina communis
73,74

 appears typically at much shorter wavelength, 646 nm. On the 

contrary, the max of the flowers of Hydrangea macrophylla is observed only at 603 – 582 nm as a 

broaden absorption band peak. Interestingly, this band expands to the long wavelength region of ca. 660 
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nm without showing a special absorption peak or shoulder corresponding to the max S.  

 

 

Chart 5-1-1A. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group V-1), 
Salvia patens; Blue 104C, hue 4.35: λmax(nm) 719(10), 634(65), 592(100), 552(66), main pigment; 

protodelphin
67,70 

 

  

Chart 5-1-1B. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group V-1), 
Nemophila menziesii; Blue 100B, hue 52.38: λmax(nm) 715(18), 630(72), 590(100), 555sh(70), 

505sh(27), main pigment; nemophilin
67 

 

   

Chart 5-1-1C. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group V-1), 
Centaurea cyanus; Violet-Blue 96C, hue -2.81: λmax(nm) 681(38), 593sh(89), 574(100), 533sh(65), 

485sh(20), main pigment; protocyanin
10,71,72

 

Chart 6-1. Absorption spectrum of a typical fresh petal (Group V-1).
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Chart 6-2. Absorption spectrum of a typical fresh petal (Group V-1).
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Chart 6-4. Absorption spectrum of a typical fresh petal (Group V-1).
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Chart 5-1-1D. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group V-1), 
Commelina communis; Blue 100A, hue -20.09: λmax(nm) 646(55), 590(100), 553sh(64), 508sh(20), main 

pigment; commelinin
73,74 

 

    

Chart 5-1-1E. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group V-1), 

Hydrangea macrophylla; Blue 101A, hue -8.04: λmax(nm) 603～582(100), main pigment; delphinidin 

3-glucoside, 3-caffeoylquinic acid, and 3-p-coumaroylquinic acid, and Al
3+  68,69 

 

Chart 5-1-2. Distribution of flower colors of Group V-1 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 5.) 

Chart 6-3. Absorption spectrum of a typical fresh petal (Group V-1).
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Chart 6-5. Absorption spectrum of a typical fresh petal (Group V-1).
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A
b
so

rb
an

ce

No. RHSCC No. a* b*

(1) B 104C -4.12 -17.91

(2) B 100B -0.01 -27.58

(3) B 100A 3.02 -60.66

(4) VB 96C 14.46 -40.59

(5) B 101A 5.16 -41.48

III-3

a*

V-1

a*

b*
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The distribution of flower colors of the sub-group V-1 is shown on CIE chromaticity diagram in Chart 

5-1-2. On the diagram, their flower colors locate in rather narrow blue regions. 

V-2: Flowers containing cyanidin type anthocyanins but exhibiting strong blue colors 

The four flowers of this sub-group are based on the cyanidin-type pigments. However, the max for A, B, 

and C of this sub-group are shifted to long wavelength region with 40 – 80 nm compared to those of the 

ordinary cyanidin-type of the III group. As a representative flower of this sub-group belonging 4 flowers, 

the absorption spectral curve of Corydalis flexuosa ‘Blue Panda’
75

 is shown in Chart 5-2-1. In the spectral 

curves of this sub-group, three absorption peaks for the max A, B, and C are observed at 675 – 645, 618 - 

599, and 594 – 562 nm, respectively, and those values are obviously shifted to longer wavelength regions 

than those of bletilla anthocyanin 1 observed at 588, 546, and 510 nm. The similar phenomenon which 

confers on an additional factor for blueness was scrutinized by Bloor in 1997 as follows.
76

 When a 

polyacylated anthocyanin, ceanothus anthocyanin 2, isolated from the flowers of Ceanothus papillosus, 

was treated with octuple molar concentration of kaempferol 3-xylosylrhamnoside as a co-pigment, the 

peak of the max for A of the original pigment was shifted from 618 nm to 680 nm. Similarly, the max 

for B and C were shifted from 576 to 612 nm, and 536 to 570 nm, respectively. He proposed the reason for 

this extraordinary wavelength shift by the formation of supramolecular complex between the 

delphinidin-type anthocyanin and flavonol as a copigment. It was also investigated by Yoshida’s group
77

 

that the blue colors of the flowers of Meconopsis betonicifolia and M. grandis are arising from a formation 

of metal complex between the cyanidin-type anthocyanins and a copigment, kaempferol glycoside, where 

Fe
3+

 and Mg
2+

 ions are essential and play important roles for the blue color development.  

 

 

 

Chart 5-2-1. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group V-2), 
Corydalis flexuosa 'Blue Panda'; Blue 106A, hue 2.25: λmax(nm) 645(100), 611(91), 562sh(71), 

521sh(48), main pigment; cyanidin 3-(2-xylosylrutinoside)-7-glucoside
75 

 

Chart 6-6. Absorption spectrum of a typical fresh petal (Group V-2).
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They also proposed that this type of metal complex pigment is different from a stoichiometric 

supramolecular pigment such as commelinin or protocyanin. It is also speculated that the conformation of 

anthocyanidin and copigment in this group of pigments will be one of the most important factors for 

bluing of the flowers.
10,71,74

 In any case, a further progress will be necessary to understand the blue color 

pigmentation in more detail. On the CIE chromaticity diagram, the flower color distribution of this 

sub-group V-2 is shown in Chart 5-2-2. Their flower colors are located in most limited blue color regions 

in this study. 

 

Chart 5-2-2. Distribution of flower colors of Group V-2 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 5.) 
 

V-3: Other miscellaneous flowers exhibiting absorption peaks or shoulders at 665 - 706 nm 

Twelve flowers belong to this sub-group V-3, and the visible absorption spectra of this group exhibit a 

unique max or shoulder of S at 665-706 nm. In Chart 5-3-1, the spectral curve of the flowers of Muscari 

arumeniacum
78

 is illustrated. Usually, the similar spectral curves bearing the max or a shoulder 

corresponding to S are observed for the flowers in early spring and/or just started blooming with a lack of 

reproducible results. This max disappear with advancement in aging of the flowers as an example for the 

max of Lechenaultia formosa ‘Red Splash’
62

 (see Table 3, III-3-2 and Table 5, V-3), and this 

phenomenon is supposed to be related to discoloration of chlorophyll pigments. However, we did not 

confirm the presence of chlorophyll pigments in this study. In addition to nine flowers containing common 

anthocyanidin type pigments, three flowers of genus Alstroemeria containing 6-OH anthocyanidin type 

No. RHSCC No. a* b*

(1) B 104C -7.88 -25.76

(2) B 107C -9.95 -19.03

(3) B 106A -14.60 -30.98

(4) B 106A -10.31 -23.21

a*

V-2

a*

b*

Y
e
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pigments
79-81

 are grouped in this sub-group due to exhibition of the similar max S. For the absorption 

spectral curves of three Alstroemeria flowers, their major max for C are characteristically shifted to 

shorter wavelength region with 10 – 20 nm than those of flowers comprised of common anthocyanin 

without 6-OH group. The color distribution of sub-group V-3 is shown by plotting CIE color co-ordinates, 

a* and b* values in the diagram (Chart 5-3-2). 

 

  

Chart 5-3-1. Absorption spectrum and anthocyanin structure of a typical fresh petal (Group V-3), 
Muscari arumeniacum; Violet-Blue 94A, hue -2.95: λmax(nm) 694(25), 626(71), 574(100), 536sh(86), 

503sh(46), main pigment; delphinidin 3-p-coumaroylglucoside-5-malonylrutinoside
78

 

 

 

Chart 5-3-2. Distribution of flower colors of Group V-3 on CIE chromaticity diagram 
(Numbers in the figure refer to number of plants listed in Table 5.) 

 

Chart 6-7. Absorption spectrum of a typical fresh petal (Group V-3).
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No. RHSCC No. a* b*

(1) B 104A -1.67 -39.05

(2) VB 94A 15.48 -46.56

(3) V 88B 7.55 -15.60

(4) VB 94A 7.07 -20.85

(5) VB 93B 3.45 -8.55

(6) VB 89D 12.73 -16.22

(7) GP 186A 27.27 7.48

(8) R 43A 44.35 42.24

(9) V 84C 6.85 -6.58

(10) RP 67B 40.72 0.38

(11) R 43A 46.46 30.03

(12) R 43A 38.86 37.77
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Table 5. Color, absorption spectra and pigment data from intact fresh petals of garden plants 

 
a
R.H.S. Colour Chart number: B = Blue, VB = Violet-Blue, V = Violet, RP = Red-Purple, R = Red, GP = 

Grayed-Purple; 
b
b*/a*: Hunter values; 

c
S = unusual absorbance (λmax), A = ionized quinonoidal form, B = 

quinonoidal form, C = flavylium cation, D = unknown; parenthesis = absorption spectrum-shoulder; 
d
main 

anthocyanidin; Dp = delphinidin, Cy = cyanidin, Pt = petunidin, 8-CG-Cy = 8-C-glucosylcyanidin, 6-OH-Dp = 

6-OH-delphinidin, 6-OH-Cy = 6-OH-cyanidin, 6-OH-Pg = 6-OH-pelargonidin; glycoside pattern; 3 = 3-glycoside,  

3,5 = 3,5-glycoside,  3,7 = 3,7-glycoside, 3,5,3' = 3,5,3'-glycoside; acyl; aromatic acyl. 

 

CONCLUSION 

We have studied the flower color variations based on the measurement of visible absorption spectra (360 

– 750 nm) of fresh petals of 139 species and/or cultivars (40 families). We have also investigated the 

mechanism of color development and protection for anthocyanins in the flower tissue-cells in relation to 

their secondary or higher structures.   

Number of absorption spectral peaks and shoulders, and their relative absorbance ratios observed in the 

absorption spectral curves are taken account of the investigation on flower color variations.  

Actually, the flowers investigated are categorized into three groups; such as delphinidin, cyanidin, and 

pelargonidin-types, according to their structural features of aglycones.  

As a typical example of delphinidin-type pigments, the absorption spectra of platyconin were measured in 

the buffer solutions pH 1.68 – 10.1 to obtain the reference values. The max values of secondary 

anthocyanin forms corresponding to negatively ionized quinonoidal form (A), neutral quinonoidal form 

(B) and flavylium cation form (C) appeared at 618, 570 and 533 nm, respectively, in the spectrum of 

platyconin. Similarly, those for bletilla anthocyanin 1, as a representative of cyanidin-type pigments, 

appeared at 588, 546 and 510 nm, and those for senecio pink anthocyanin 1, as a representative of 

pelargonidin-type pigments, are observed at 564, 530 and 500 nm, respectively.  

In the fresh flowers, the max of A for 67 delphinidin-type flowers appear at 642 – 611 nm, and those of B 

and C are found at 590 – 556 nm and 553 – 531 nm, respectively. Similarly, the max of A for 39 

Aglycone Glycoside Acyl Ref.

S A B C D S A B C D pattern

V-1

(1) Salvia patens B 104C 4.35 719 634 592 552 10 65 100 66 Dp 3,5 ○ 67,70

(2) Nemophila menziesii B 100B 52.38 715 630 590 (555) (505) 18 72 100 (70) (27) Pt 3,5 ○ 67

(3) Commelina communis B 100A -20.09 646 590 (553) (508) 55 100 (64) (20) Dp 3,5 ○ 73,74

(4) Centaurea cyanus VB 96C -2.81 681 (593) 574 (533) (485) 38 (89) 100 (65) (20) Cy 3,5 ○ 10,71

(5) Hydrangea macrophylla B 101A -8.04 606~582 100 Dp 3 68,69

V-2

(1) Corydalis ambigua B 104C 3.27 (675) 618 (594) (530) (94) 100 (96) (58) Cy 3 75

(2) Oxypetalum caeruleum 'Caerulea' B 107C 1.91 656 599 565 (524) 94 100 94 (66) Cy 3,7 ○ 135

(3) Meconopsis betonicifolia B 106C 2.12 649 611 (564) (520) 100 89 (62) (35) Cy 3,7 136

(4) Corydalis flexuosa 'Blue Panda' B 106A 2.25 645 611 (562) (521) 100 91 (71) (48) Cy 3,7 75

V-3

(1) Parochetus communis B 104A 23.38 (676) 603 (580) (500) (32) 100 (98) (49) Dp 3 44

(2) Gentiana spp. VB 94A -3.01 (676) 620 577 (547) (505) (20) 84 100 (86) (59) Dp 3,5,3' ○ 137

(3) Triteleia bridgesii V 88B -2.07 (706) 622 574 545 (505) (9) 65 100 95 (57) Dp 3,5 ○ 138

(4) Muscari armeniacum VB 94A -2.95 694 626 574 (536) (503) 25 71 100 (86) (46) Dp 3,5 ○ 78

(5) Hyacinthus orientalis VB 93B -2.48 (703) (620) 572 544 (506) (12) (68) 100 100 (69) Dp 3,5 ○ 139

(6) Tricyrtis formosana 'Fuji Musume' VB 89D -1.27 (665) 553 (506) (29) 100 (76) 8-CG-Cy 3 ○ 140

(7) Cymbidium 'Eicoh' GP 186A 0.27 678 517 (488) 23 100 (94) Cy 3 141

(8) Leschenaultia formosa 'Red Sprash' R 43A 0.95 677 (544) 498 17 (86) 100 Cy 3 62

(9) Allium schoenoprasum V 84C -0.96 681 560 18 100 Cy 3 142

(10) Alstroemeria 'Westland' RP 67B 0.01 (677) (561) 536 (500) (6) (86) 100 (86) 6-OH-Dp 3 80,143

(11) Alstroemeria 'Tiara' R 43A 0.65 (674) 500 (3) 100 6-OH-Cy 3 79,144

(12) Alstroemeria 'Mayprista' R 43A 0.97 (678) 486 (39) 100 6-OH-Pg 3 81

Plant cultivars and species

Floral color Absorbance from intact fresh petal
c

Anthocyanin
d

R.H.S. Colour

Chart code

number
a

Hue

(b*/a*)
b

λmax(nm) Relative absorbance
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cyainidin-type flowers appear at 605 – 570 nm, and those of B and C are found at 564 – 520 nm and 532 – 

510 nm, respectively. Moreover, the max of A for 13 pelargonidin-type flowers are observed at 577 – 558 

nm, and those of B and C appear at 542 – 520 nm and 515 – 486 nm, respectively.  

The observed max values for these flowers investigated above are closely related to those of the 

reference pigments; such as platyconin, bletilla anthocyanin 1, and and senecio pink anthocyanin 1, within 

±20 nm. 

However, other 21 flowers out of 139 flowers were unable to belong into above three groups due to the 

appearance of the unusual max corresponding to S at > 645 nm. Thus, these flowers were classified as 

another group for the sake of convenience. 

In common, the anthocyanin pigmentations of the flowers of the above three groups having different types 

of anthocyanidin pigments; such as delphinidin, cyanidin, and pelargonidin, are mainly produced by the 

formation of intra- and/or inter-molecular co-pigmentations in their flower tissue-cells, and their 

absorption spectra are highly susceptible to the secondary structures of the anthocyanins in the cell sap. 

Thus, the above three anthocyanidin type groups are further classified into sub-groups according to the 

occurrence types of absorption spectral peaks for the max of A, B, and C, especially on their three 

relative absorbance ratios. In general, the tendency toward the appearance of the max A, B, and C 

depends on the intensity of co-pigmentation in the flower tissue-cells, pH values, type of glycosides, the 

presence or absence of acylated sugars with aromatic acids etc. By this investigation, it is concluded that 

the anthocyanin pigmentation of the flowers whose tissue-cells inclined toward somewhat acidic, is 

consistent with the formation of self-association in addition to intra- and inter-molecular co-pigmentations 

because only one strong absorption spectral peak for the max B or C is observed in these flowers.   

On the other hand, the flowers showing the max corresponding to S at > 645 nm are classified as 

different group from the above three groups. Among them, 5 flowers comprised of the metal complex 

anthocyanins are grouped as the sub-group V-1. Again, the characteristic spectral feature of the flowers of 

this sub-group is the occurrence of the max corresponding to S at > 645 nm, except for the flowers of 

Hydrangea macrophylla. Although the flowers of V-2 sub-group comprise of cyanidin-type anthocyanins 

as same as the flowers of III group, the max for A, B, and C are larger than those of III group, and shifted 

to long wavelength side with ca. 60 nm. In this sub-group, the flowers of genus Meconopsis and Corydalis 

demonstrating characteristic blue color pigmentations are included.  

The flowers exhibiting a weak max or shoulders at 665 - 706 nm in their absorption spectral curves are 

included in the sub-group V-3, and 3 flowers of genus Alstroemeria possessing 6-hydroxy group in 

anthocyanidins are classified into this sub-group. The observed max or shoulders appear in almost the 

same region of those of chlorophyll pigments. These max are usually not found in the spectra of the aged 
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flowers. Moreover, the appearance of the max is depending on the seasons. 
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