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Studies on carotenoids in petals of Compositae plants
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Summary

Chrysanthemum (Chrysanthemum morifolium Ramat.) is one of the most important ornamental plants in the 

world, and its range of petal colors originates mainly from carotenoid and anthocyanin pigments. It is known 

that the orange color in chrysanthemum petals, which results from the mixture anthocyanins and carotenoids, 

lacks brightness. In addition, yellow- and white-flowered cultivars are in great demand for funeral ceremonies 

in Japan, but the quality for cut flowers from yellow-flowered cultivars is generally lower than that of white-

flowered cultivars. For this reason, the production of yellow-flowered cultivars has been falling gradually. 

Because of the importance of controlling flower color, the carotenoid components and the genetic causes 

that regulate the flower color due to the presence of carotenoids were analyzed in the petals of plants in the 

Compositae.

Twelve chrysanthemum cultivars with petal color ranging from pale yellow to deep red were analyzed by 

means of high-performance liquid chromatography. No difference was found in their carotenoid composition, 

but  xanthophylls were identified by means of nuclear magnetic resonance (NMR) analysis. Among them, 

( S, S, R, 'R, 'R)- , -dihydro- , -dihydroxylutein and five di-Z geometrical isomers of lutein- , -epoxide had 

never before been identified as natural products.

The carotenoid composition, carotenoid content, and expression of genes encoding carotenoid biosynthetic 



enzymes were also analyzed using the petals and leaves of yellow- and white-flowered chrysanthemums. 

Most of the carotenoids in yellow petals were , -carotenoids, lutein and its derivatives, reflecting the high 

expression levels of the gene for lycopene -cyclase (LCYE). In contrast, the ratios of , -carotenoids to 

total carotenoids in leaves were higher than those of , -carotenoids to total carotenoids, reflecting the high 

expression levels of the gene for lycopene -cyclase (LCYB). A between-cultivar comparison of the expression 

of the genes encoding carotenoid biosynthetic enzymes in the petals showed no distinct differences between 

petal colors. The expression of CmCCD1, a highly conserved homologue of the gene for carotenoid cleavage 

dioxygenase derived from the petals of white-flowered chrysanthemum, was then analyzed. Real-time PCR 

analysis showed that all white petals that were tested had high levels of expression of CmCCD1, which was not 

detected in yellow petals. Significant expression of CmCCD1 was strictly limited to the flower petals, therefore 

we hypothesized that the formation of white petal color resulted from neither down-regulation nor destruction 

of the carotenoid biosynthesis pathway, but rather to enzymatic cleavage of carotenoids into colorless 

compounds.

Petals of orange- and yellow-flowered cultivars of nine Compositae species were analyzed to determine total 

anthocyanin content, total carotenoid content, and carotenoid composition in order to clarify the mechanisms 

responsible for differences in petal color. It became clear that the differences in petal color between orange- 

and yellow-flowered cultivars were caused by differences in three factors: total anthocyanin content, total 

carotenoid content, and carotenoid composition. Calendula (Calendula officinalis L.) was one plant that differed 

in carotenoid composition between orange- and yellow-flowered cultivars. Nineteen carotenoids were identified 

in extracts from the petals of orange- and yellow-flowered cultivars of calendula by means of NMR analysis, 

and  of them were unique to the orange-flowered cultivars. These  were reddish, and it was clear that 

they were responsible for the orange color of the petals. Among them, ( Z, Z)-lycopene, ( Z, Z, 'Z)-lycopene, 

( Z, Z, 'Z, 'Z)-lycopene, ( 'Z)- -carotene, and ( 'Z, 'Z)-rubixanthin had never before been identified as natural 

compounds. Since these ( Z)- or ( 'Z)-carotenoids are unique to orange-flowered cultivars and since yellow-

flowered cultivars do not accumulate any Z or 'Z compounds, it appears that C-  isomerization activity exists 

only in orange-flowered cultivars.

Key Words:Chrysanthemum morifolium Ramat., Calendula officinalis L., Compositae, petal color, carotenoids, 

biosynthetic pathways, isomers
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Figure . Flowers of chrysanthemum cultivars used for the experiment.
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Figure . Carotenoid analysis in petals of chrysanthemum cultivars. 
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Table Major carotenoid peaks in petals of chrysanthemum detected by HPLC analysis.

Peak no. Rt(min) Absorption maxima (nm)

. , , 

. , , 

. , , 

. , , 

. , , 

. , , 

. , , 

. , , 

. , , 

Table Standards used in this study.

Standards Rt(min)
Absorption maxima
(found value, nm)

Absorption maxima
(literature data, nm)

Violaxanthin . , , , , 

'Z-Neoxanthin . , , , , 

Lutein . , , , , 

Zeaxanthin . S , , , , 

-Cryptoxanthin . S , , , , 

-Carotene . , , , , 

-Carotene . , , , , 

Table Total carotenoid  and anthocyanin contents, and chromaticity in petals of  chrysanthemum cultivars.

Cultivars
Total carotenoid 

content a

( g/g f. w.)

Total anthocyanin 
content b

( g/g f. w.)

Chromaticity

L a* b*

Arietta .  .  .  .  .  

Sei-paprika .  .  .  .  .  
Holina .  .  .  .  .  

Red Nero .  .  .  .  .  

Red Rijego .  .  .  .  .  

Aglow .  .  .  .  .  

Dramatic .  .  .  .  .  

Dark Dramatic .  .  .  .  .  

Sunny Orange .  .  .  .  .  

Canaria .  .  .  - .  .  

Yellow Paragon .  .  .  - .  .  

Syuho-no-chikara .  .  .  - .  .  

a  Lutein equivalent 

b  Cyanidin 3-rutinoside equivalent 
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Figure . Correlation between total carotenoid and anthocyanin contents, and chromaticity in petals of  chrysanthemum 

cultivars. (A) Correlation between total carotenoid content and yellowness. (B) Correlation between total anthocyanin 

content and redness. (C) Correlation between total anthocyanin content and lightness. (D) Correlation between 

lightness and redness.
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Figure . HPLC separation of carotenoids of an extract of chrysanthemum petals

(cv. Sunny Orange ). Peak numbers as in Table .



Table Carotenoid composition in petals of chrysanthemum (cv. Sunny Orange ).

Peak no.
(Fig. - )

Carotenoids % of total carotenoids

( S, S, R, 'R, 'R)- , -Dihydro- , -dihydroxylutein ( ) .

( Z, 'Z)-Lutein- , -epoxide ( ) .

( Z, 'Z)-Lutein- , -epoxide ( ) .

( 'Z, 'Z)-Lutein- , -epoxide ( ) .

( Z, Z)-Lutein- , -epoxide ( ) .

(all-E)-Lutein- , -epoxide ( ) .

( Z, 'Z)-Lutein- , -epoxide ( ) .

( Z)-Violaxanthin .

( S)-Lutein- , -epoxide (= chrysanthemaxanthin) .

( R)-Lutein- , -epoxide (= fl avoxanthin) .

( Z- 'R)-Luteoxanthin .

( 'Z)-Lutein- , -epoxide ( ) .

( Z)-Lutein- , -epoxide ( ) .

(all-E)-Lutein .

( Z)-Lutein .

( 'Z)-Lutein .

Table H (  MHz) and C (  MHz) NMR data for  in CDCl

Position C (mult.) H (mult., JHz) Position C (mult.) H (mult., JHz)

  .  (s) '   .  (s)

  .  (t) .  (dd)b '   .  (t) .  (dd, , )

.  (dd, . , ) .  (dd, , . )

  .  (d) .  (m) '   .  (d) .  (m)

  .  (t) .  (m) ' .  (d) .  (s)

.  (m)

  .  (s) ' .  (s)

  .  (s) '   .  (d) .  (d, )

.  (d) .  (d, . ) ' .  (d) .  (dd, . , )

.  (d) .  (d, . ) ' .  (d) .  (d, . )

.  (s) ' .  (s)

.  (d)a .  (d, . ) ' .  (d) .  (d, )

.  (d) .  (dd, . , . ) ' .  (d) .  (dd, . , )

.  (d) .  (d, . ) ' .  (d) .  (d, . )

.  (s) ' .  (s)

.  (d) a .  (m) ' .  (d) .  (m)

.  (d) .  (m) ' .  (d) .  (m)

  .  (q) .  (s) '   .  (q) .  (s)

  .  (q) .  (s) '   .  (q) .  (s)

  .  (q) .  (s) '   .  (q) .  (s)

  .  (q) .  (s) '   .  (q) .  (s)

  .  (q) .  (s) '   .  (q) .  (s)
a Assignments may be interchanged.
b Signal overlappe
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Table H (  MHz) NMR data relevant to the polyene part of (all-E)- and (di-Z)-lutein- , -epoxide in CDCl

All-E ( ) 9Z,9'Z ( ) Z, Z ( ) 9Z,13'Z ( ) 9'Z,13'Z ( ) 13Z,9'Z ( )
Position a

H- . . . . . . . . . .
H- . . . . . . . . . .
H- . . . . . . .
H- . . – . . – . . - . . . .
H- . . . . . . . . .
H- . . – . . . . – . . . .
H- . . . . . .
H- . . . – . . – . . . – .
H- . . – . . . . – . . – . . .
H- ' . . – . . – . . . . . . – .
H- ' . . . – . . – . . – . .
H- ' . . . . . . .
H- ' . . – . . . . . . . – .
H- ' . . . . . – . . . . .
H- ' . . – . . . . . – . . – .
H- ' . . . . . .
H- ' . . . . . . . . .
H- ' . . . . . . . . . .

a Isomerization shift ( = Z – E, | | > .  ppm)



UV-Vis, H NMR  FAB-MS

( Z)-violaxanthin ( ), ( S)-lutein-

, -epoxide ( ), ( R)-lutein- , -epoxide (

), ( Z- 'R)-luteoxanthin ( ), (all-E)-lutein (

), ( Z)-lutein ( )  ( 'Z)-lutein (

)  ( )

(all-E)-lutein, 

( Z)-lutein, ( 'Z)-lutein, ( Z)-violaxanthin, , 

Tóth Szabolcs ( )

( S, S, R, 'R, 'R)- , -dihydro- , -dihydroxylutein ( )

( S, S, R, 'R, 'R)-lutein- , epoxide

(Buchecker  Eugster ; )

( S, S, R, 'R, 'R)-lutein- , -epoxide 

( S, R, S, 'R, 'R)-

lutein- , -epoxide [(all-E)-lutein- , -epoxide]( )

C- C-

( Z)-violaxanthin , -carotene 

( -carotene)

(Calendula offi cinalis Bako , )

Helianthus annus Tóth Szabolcs ; 

Deli  , Helianthus debilis Tóth Szabolcs 
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lutein

-carotene

%

-carotene
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lutein
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di-Z
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napus [( Z, 'Z)-lutein], C. offi cinalis [( Z, 'Z)-lutein 

 ( Z, 'Z)-lutein], T. erecta [( Z, 'Z)-lutein]  

Viola tricolor [( Z, 'Z)-violaxanthin, ( Z, Z)-violaxanthin, 

( Z, 'Z)-violaxanthin  ( Z, Z)-violaxanthin; 

Molnár  ]
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Armstrong  

PSY

phytoene synthase PDS phytoene desaturase

(Pecker  , Giuliano  , Fraser  )

GGPS geranylgeranyl pyrophosphate 

synthase , PSY PDS (Hugueney )



(Fraser Bramley , Hirschberg , Taylor

Ramsay )

(Liu  , Al-Babili  )

Moehs

( )

DXS ( -deoxyxylulose -phosphate 

synthase) PSY

Nielsen ( )

PDS

% lutein

(Langton ) Hattori

Moehs CRTISO (carotenoid 
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.  g  ml

 ml

/
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YMC Co. Ltd
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H O = : : , 
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A %/ B %, A %/ B %, A 

%/ B %

 ml/min, 

+
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Figure .  (A) Sampling stages of chrysanthemum petal development and (B) fully expanded fl owers of chrysanthemum cultivars 

used for the experiment. VE = very early, E = early, M = medium, and L = late.



isomerase [IPI], geranylgeranyl pyrophosphate synthase 

[GGPS], phytoene synthase [PSY], phytoene desaturase 

[PDS], -carotene desaturase [ZDS], carotenoid 

isomerase [CR TISO], lycopene -cyclase [LCYB], 

lycopene -cyclase [LCYE], -ring hydroxylase [CHYB], 

zeaxanthin epoxidase [ZEP],  violaxanthin 

deepoxidase [VDE]

RT-PCR

M cDNA

PCR pCR . Invitrogen

M

poly(A)+ RNA SMART cDNA library construction kit 
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Figure . Putative carotenoid biosynthetic pathway in petals of chrysanthemum.

Abbreviations: GA P, glyceraldehyde- -phosphate; DOXP, D- -deoxyxylulose- -phosphate; MEP, -C-methyl-D-

erythritol- , -cyclodiphosphate; IPP, isopentenyl diphosphate; GGPP, geranylgeranyl diphosphate.



BigDye DNA Sequencing Kit (Applied 

Biosystems, Foster City, CA, USA)

(Genetic Analyzer  [Applied Biosystems])

cDNA

cDNA

M poly(A)+ RNA

'  ' RACE

Oligo (Molecular Biology 

Insights, Cascade, CO, USA)

SMART RACE cDNA Amplifi cation Kit (BD Biosciences)

poly(A)+ RNA . %

(Hybond-N+ membrane, Amersham Biosciences) 

cDNA

DIG

SSC, . % SDS

. SSC, . % SDS  

Actin Li

, GenBank accession 

no. AB

DXS '-ATGGAGCGATGACCG

CAGGACAAG- '  '-GCGGGTAACCTTTGCCTT

TTTCGGT- '  DXR '-TGTCAAGATTCTTCCTGCTGA

TTCA- '  '-TGTGTCTCGACCATGGAATGTAG

T- '  IPI '-ACGAGTTACTTCTTCAGCAACGGT- ' 

 '-ATCAGATGGAGCCTTGTAGAGCAT- ' GGPS

'-GAGATGATTCACACCATGTCGYTAATGC- '  

'-CATCAAGAATATCATCCACCACCTGAAA- ' PSY

'-CTAATGACACCCGAGMGACAA- '  '-AGTATC

TGATAAAGCGGCATC- ' PDS '-GCAAGGAATACCGG

ATAGAGTTAC- '  '-GAATGTCAACTGGAGCAG

CGAATAC- ' ZDS '-TGACTGTGCAACTTCGGTACAA

TG- '  '-AAACCTGTTCTGTAACCCGTCTTAT- '

CRTISO '-CGATAACGGGAAAGCTGTAGGAGTGAA- ' 

 '-GGCTCCTCTAAGTTTTTCCAATCATCCTC- '

LCYB '-TGTATATCAAATGGGGTTAAGTTTC- '  

'-TGAATTCCTTTCCTTTATTTCGGTA- ' LCYE '-GCT

TGAATGTCGCACTTATCG- '  '-GATATTGCCTT

CACACTCTATGA- ' CHYB '-CGGAACGATTTACTTAT

CTTGTT- '  '-CAAAGACCCGGAATTATGCCT- '

ZEP '-GGTGGTGAGAAAGAGAAGAAGATAAGG- ' 

 '-GACTGCTGGAGTGAATGTATCAAACT- ' VDE

'-CGAGACCGAATGTCAGATA- '  '-CCAGTCAT

CTTGGTAGTGAAG- ' actin, '-CTTGCGTTTGGATCT

TGCTGGTCGTGA- '  '-AGCAGCTTCCATCCCA

ATCATAGACGG- '

PCR DXR, PSY, LCYB

LCYE DNase

poly(A)+ RNA SuperScript First-Strand Synthesis 

System (Invitrogen) cDNA

QuantiTect SYBR 

Green PCR Kit (Qiagen, Hilden, Germany)  

LightCycler System (Roche Diagnostics)

PCR

Oligo

cDNA

PCR

Actin

Li

, GenBank accession no. AB

DXR, '-CTTAATTGCTG

GCGGTCCCT- '  '-CCTCCTGATGCGGTCAAG

AT- '; PSY, '-GCTTTGGCTTTAGGAATCGC- '  

'-TCTGATAGTCCGGCTTGTGC - '; LCYB, '-AGAGCTT

GTACCCGAAATCA- '  '-CTACAGCTAAACCCG

AAGGA- '; LCYE, '- GGAGCGGCTTCGGGTAAACTTCT

GCAA- '  '- CTCTCTTGAAGCCAGACAGGTTTC

CTC- '; actin, '-ACATGCTATCTTGCGTTTGG- '  

'-CTCTCACAATTTCCCGTTCA- ' Actin

poly(A)+ RNA

(DXS 

[AB ], DXR [AB ], IPI [AB ]

 GGPS [AB ] GenBank accession 



no. )

(PSY [AB ], PDS [AB ], ZDS 

[AB ], CRTISO [AB ], LCYB [AB ], 

LCYE [AB ], CHYB [AB ], VDE [AB ], 

and ZEP [AB ]) PSY, 

PDS, LCYB, LCYE CHYB cDNA cDNA

(DXS, DXR, IPI, GGPS, ZDS, 

CRTISO, ZEP  VDE) 

RACE cDNA

VE

E

M

L

A. Yellow Paragon, petal B. Paragon, petal

VE

E

M

L

L

L

L

L

L

L

V V

DL

L

Le

DL

[mAU]
500

0

0

0

0

N

L

Z+AV

C. Yellow Paragon, leaf

L

L

L

V

9'Z-L
0

20 40 60 80[min]

20 40 60 80[min]

20 40 60 80[min]

20 40 60 80[min]

[mAU]
500

[mAU]
500

[mAU]
500

20 40 60 80[min]

20 40 60 80[min]

20 40 60 80[min]

20 40 60 80[min]

[mAU]
500

0

0

0

0

[mAU]
500

[mAU]
500

[mAU]
500

9Z-Le
9'Z-Le

9Z-L
9'Z-L

9'Z-Le
9Z- 9Z-L

9'Z-L

20 40 60 80[min]

[mAU]
500

Figure . Carotenoid analysis in petals and leaves of Yellow Paragon and Paragon. Carotenoid extracts from .  g f.w. of petals of 

(A) Yellow Paragon and (B) Paragon, and (C) leaves of Yellow Paragon were analyzed by HPLC.

Abbreviations: V, violaxanthin; L, all-E-lutein; , -carotene; DL, ( S, S, R, 'R, 'R)- , -dihydro- , -dihydroxylutein; 

Z-L, ( Z)-lutein; 'Z-L, ( 'Z)-lutein; Z-Le, ( Z)-lutein- , -epoxide; 'Z-Le, ( 'Z)-lutein- , -epoxide; N, ( 'Z)-neoxanthin; Z, 

zeaxanthin; A, antheraxanthin.
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Abbreviations: YP, Yellow Paragon; P, Paragon.
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Figure . Real-time PCR analysis of a clone (CmCCD1) whose expression was higher in white petals than in yellow petals. Real-

time PCR was performed in triplicate, and the mean values SE are shown.
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Table . Chromaticity, total anthocyanin content, and total carotenoid content in petals of orange- and yellow-fl owered cultivars 

of  Compositae species

Species Cultivar
Chromaticity Total 

anthocyanins
( g/g f.w.)

Total 
carotenoids
( g/g f.w.)L a* b*

Calendula offi cinalis Alice Orange . . . . . . .  

Orange Star . . . . . . .  

Orange Zem . . . . . . .  

Alice Yellow . . - . . . . .  

Gold Star . . - . . . . .  

Golden Zem . . - . . . . .  

Gerbera jamesonii Orphe . . . . . . .  

Dancer . . . . . . .  

Labyrinth . . . . . . .  

Lambada . . . . . . .  

Illusion . . . . . . .  

Esprit . . - . . . . .  

Sega . . - . . . . .  

Fresbee . . - . . . . .  

Gazania spp. Daybreak Orange . . . . . . .  

Daybreak Yellow . . . . . . .  

Helianthus annuus Sunrich Orange . . . . . . .  

Sonia . . . . . . .  

Sunrich Lemon . . - . . . . .  

Valentine . . - . . . . .  

Osteospermum ecklonis Jury . . . . . . .  

Mikey . . - . . . . .  

Tagetes erecta Orange Isis . . . . . . .  

Yellow Isis . . - . . . . .  

Tagetes petula Safari Tangerine . . . . . . .  

Bonanza Orange . . . . . . .  

Safari Yellow . . - . . . . .  

Bonanza Yellow . . - . . . . .  

Zinnia elegans Dreamland Coral . . . . . . .  

Bonita Red . . . . . . .  

Petitland Orange . . . . . . .  

Dreamland Yellow . . . . . . .  

Bonita Yellow . . . . . . .  

Petitland Yellow . . - . . . . .  
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plants.

(A) Correlation between lightness and redness. (B) Correlation between anthocyanin content 

and redness in four species containing anthocyanins.
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Figure . HPLC analysis of carotenoids of extracts of Compositae petals. 

Abbreviations: V, violaxanthin; N, ( 'Z)-neoxanthin; Lx, luteoxanthin; Le, lutein- , -epoxide; Z-V, ( Z)-violaxanthin; F, 

Flavoxanthin[( R)-lutein- , -epoxide]; Au, Auroxanthin; 'Z-Le, ( 'Z)-lutein- , -epoxide; L, lutein; A, antheraxanthin; 

Z, zeaxanthin; Z-L, ( Z)-lutein; Z-Z, ( Z)-zeaxanthin; , -carotene; Ly, lycopene. Number -  shows unknown 

carotenoids. 



Table . Carotenoid composition in petals of Calendula offi cinalis

Orange-fl owered cultivar Yellow-fl owered cultivar

Alice Orange Alice Yellow

Carotenoids
Absorption

maxima (nm)
% of total 

carotenoida

Carotenoid
contentb

( g/g f.w.)

% of total 
carotenoid

Carotenoid
content

( g/g f.w.)

Luteoxanthin , , .   .   .   .   

Lutein- , -epoxide , , .   .   .   .   

Flavoxanthin , , .   .   .   .   

Auroxanthin , , .   .   .   .   

( 'Z)-Lutein- , -epoxide , , .   .   .   .   

Lutein , .   .   .   .   

Antheraxanthin , .   .   .   .   

( Z)-Lutein , .   .   .   .   

unknown peak , .   .   -  -  

-carotene , .   .   .   .   

unknown peak , .   .   -  -  

unknown peak , , .   .   -  -  

unknown peak , , .   .   -  -  

unknown peak , .   .   -  -  

unknown peak , .   .   -  -  

unknown peak , , .   .   -  -  

unknown peak , , .   .   -  -  

Lycopene , , .   .   -  -  

Yellowish carotenoidsc .  . .  .

Reddish carotenoidsd . .   .  .  

Total carotenoids
( g/g f.w.) .   .

a Percentage of peak area in the HPLC chromatogram at  nm.
b Lutein equivalent.
c Range in the main absorption maximum from  nm to  nm.
d Range in the main absorption maximum from  nm to  nm.



Table . Carotenoid composition in petals of Gazania spp.

Orange-fl owered cultivar Yellow-fl owered cultivar

Daybreak Orange Daybreak Yellow

Carotenoids
Absorption 

maxima (nm)
% of total 

carotenoida

Carotenoid
contentb

( g/g f.w.)

% of total 
carotenoid

Carotenoid
content

( g/g f.w.)

Violaxanthin , , .   .   .   .   

Lutein- , -epoxide , , .   .   .   .   

( Z)-Violaxanthin , , .   .   .   .   

unknown peak , , .   .   .   .   

( 'Z)-Lutein- , -epoxide , , .   .   .   .   

Lutein , .   .   .   .   

Antheraxanthin , .   .   .   .   

( Z)-Lutein , .   .   .   .   

( Z)-Zeaxanthin , .   .   .   .   

-carotene , .   .   .   .   

unknown peak , .   .   -  -  

unknown peak , , .   .   -    -  

Lycopene , , .   .   -  -  

Yellowish carotenoidsc .   .   .   .   

Reddish carotenoidsd .   .   .   .   

Total carotenoids
( g/g f.w.)

.   .   

a Percentage of peak area in the HPLC chromatogram at  nm.
b Lutein equivalent.
c Range in the main absorption maximum from  nm to  nm.
d Range in the main absorption maximum from  nm to  nm. 

Table . Carotenoid composition in petals of Osteospermum ecklonis.

Orange-fl owered cultivar Yellow-fl owered cultivar

Jury Mikey

Carotenoids
Absorption 

maxima (nm)
% of total 

carotenoida

Carotenoid
content b

( g/g f.w.)

% of total 
carotenoid

Carotenoid 
content 

( g/g f.w.)

Lutein , .   .   .   .   

β-carotene , .   .   .   .   

unknown peak , .   .   .   .   

unknown peak , .   .   .   .   

unknown peak , , .   .   .   .   

Lycopene , , .   .   .   .   

Yellowish carotenoidsc .   .   .   .   

Reddish carotenoidsd .   .   .   .   

Total carotenoids 
( g/g f.w.)

.   .   

a Percentage of peak area in the HPLC chromatogram at  nm.
b Lutein equivalent.
c Range in the main absorption maximum from  nm to  nm.
d Range in the main absorption maximum from  nm to  nm. 
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Figure . Fully-opened fl owers of orange- (A) and yellow-fl owered (B) cultivars of calendula.



HPLC

, 

, , , 

HPLC

 nm

, , , 

NMR

H-NMR

lycopene

(All-E)-lycopene (peak ), ( Z, Z)-lycopene 

( , peak ), ( Z, Z, 'Z)-lycopene ( , peak )

( Z, Z, 'Z, 'Z)-lycopene ( , peak ) H-NMR

H- H COSY, NOESY, H- H decoupling

Table . Carotenoid composition in petals of calendula (cv. Alice Orange)

Peak no.
(Fig. )

Carotenoid % of total carotenoidsa
max (nm)

( 'R)-Luteoxanthin .      , , 

Lutein- , -epoxide .      , , 

Flavoxanthin .      , , 

( R, 'R)-Auroxanthin .      , , 

( 'Z)-Lutein- , -epoxide .      , , 

Lutein .      , 

Antheraxanthin .      , 

( Z)-Lutein .      , 

( 'Z, 'Z)-Rubixanthin ( ) .      , 

-Carotene .      , 

-Carotene .      , 

( 'Z)-Rubixanthin ( ) .      , 

-Carotene .      , , 

( Z, Z, 'Z, 'Z)-Lycopene ( ) .      , , 

-Carotene .      , 

( 'Z)- -Carotene ( ) .      , 

( Z, Z, 'Z)-Lycopene ( ) .      , , 

( Z, Z)-Lycopene ( ) .      , , 

(all-E)-Lycopene .      , , 
a Percentage of peak area in the HPLC chromatogram at  nm.
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Figure . HPLC analysis of carotenoids of extracts of calendula petals. 

a, cv. Alice Orange; b, Orange Star; c, Orange Zem; d, Alice Orange; e, Gold Star; f, Golden Zem. Peak numbers are 

identifi ed in Table .
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( Z, Z)-lycopene ( ) ( Z, Z, 'Z, 'Z)-

lycopene ( )

( Z, Z, 'Z)-lycopene ( )

Hengartner
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Table . H (  MHz) NMR data for lycopene geometrical isomers in CDCl
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a Isomerization shift (  = Z – E, | | > .  ppm).
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Figure . Stereochemistry of six carotenoids containing cis structures at C-  or C- ' characteristic of orange-fl owered cultivars 

of calendula.



( 'Z)- -carotene ( , 

) ( 'Z, 'Z)-rubixanthin ( , )

H- H COSY NOESY H-NMR

H- H- H

all-E Englert, 

H- ' H- '

 NOESY

H- ', H- ', H- ', H- ' H- ' H all-E

H- '

H- '

'Z, 'Z

( 'Z, 'Z)-rubixanthin Englart , 

Hengartner , 

HPLC

H-NMR, FABMS UV-

Vis ( 'R)-luteoxanthin 

( , Fig. ), ( R)-fl avoxanthin ( ), ( R, 'R)-

auroxanthin ( ), ( 'Z)-rubixanthin ( , ), 

-carotene ( ),  -carotene ( ) 

( )

( 'R)-luteoxanthin, ( R)-fl avoxanthin, ( R, 'R)-

auroxanthin, (all-E)-lutein, ( Z)-lutein, -carotene, 

-carotene (all-E)-lycopene

Bakó , 

( 'Z, 'Z)-rubixanthin ( ), -carotene, ( 'Z)-rubixanthin ( ), 

-carotene, ( Z, Z, 'Z, 'Z)-lycopene ( ), -carotene, ( 'Z)-

-carotene ( ), ( Z, Z, 'Z)-lycopene ( ), ( Z, Z)-lycopene 

( )  (all-E)-lycopene

Table . H (  MHz) NMR data relevant to H- ' to H- ' position of geometrical isomers of rubixanthin and -carotene in 
CDCl

(All-E)-
-carotene 

( 'Z)-
-carotene ( )

(All-E)-
rubixanthin

( 'Z, 'Z)-
rubixanthin ( )

Position  a

' . . .  . .
' . . . .
' . . .  . . .  
' . . . . .  
' . . . .
' . – . . . .  
' . . . . – .

' . . . . .  
' . . . . – .

' . . . .
' . . . .
' . . . .
' . . . .
' . . . . .  
' . . . .
' . . . .

a Isomerization shift (  = Z  – E, | | > .  ppm).
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Figure .  Putative carotenoid biosynthetic pathway in petals of orange- and yellow-fl owered calendula. 

Main carotenoid components accumulating in each petals are boxed.
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