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Abstract-A survey of 31 species from 28 genera in the Compositae showed the presence of zwitterionic anthocyanins 
in petals or stems of 27 species. Detailed investigations, including the use of FAB-M$ showed that mono- and 
dimalonated esters of pelargonin and cyanin occurred in Dahlia vuria6ilis cultivars. The corresponding delphin mono- 
and dimalonates occur in blue flowers of Cichoriwn intybus. A cyanidin 3-dimalonylglucoside was identified in stems of 
Coleostephus myconis while pelargonidin 3-(6”-malonylglucoside) was found in Callistephus petals. A further malonated 
cyanidin derivative in flowers of Helmium cv. Bruno was found to be the 3-glucuronosylglucoside; this is the Iirst report 
of an anthocyanin with glucuronic acid. Overall, the results confirm that malonated anthocyanins are widespread in the 
family and that many pigments previously reported in the Compositae as being unacylated probably contain these 
labile organic acid attachments. 

INTRODUCTION 

A recent electrophoretic survey of anthocyanins from 
flowers of 81 species representing 22 families of the 
angiosperms indicated that malonated or similarly sub- 
stituted zwitterionic anthocyanins occurred in half the 
sample [l]. In particular, 18 of 20 species in the 
Compositae proved to contain pigments that were zwit- 
terionic. Such acyl groups are labile, are lost in pigments 
extracted with methanolic HCl and may well have been 
overlooked during earlier investigations. Indeed, our 
preliminary reinvestigation of the pigments of Dahlia 
uuriubilis, previously reported as being pelargonin and 
cyanin [2,3], showed them lo be the 1(6”-malonyl- 
glucoside)&glucosides [l]; these two structures have 
been confirmed during the present work. The occurrence 
of anthocyanins with organic acid attachment has also 
been reported in four other genera in the family: cyanidin 
3-(6”-malonylglucoside) in leaves of Cichorium intybus 
[4], malonated cyanidin and delphinidin glycosides in 
flowers of Seneciu cruentus [5], malonated pelargonidin 
and cyanidin 3-glucosides in Bowers of Gerbero [6], and 
cyanidin 3-(stiyl glucosideh5glucoside in flowers of 
Centmueo cyanus [7,8] and six other Centaureu species 
[91* 

As a consequence of the above findings, the antho- 
cyanins of this family were reexam ined in order to 
w&m the widespread occurrence of organic acid acy- 
lation and to determine the nature of the acylating acids. 
We therefore report here a more extended survey of the 
family for zwitterionic anthocyanins and the identifl- 
cation of mono- and dimalonated pigments in species of 
Callistephus, Cichorium, Coleostephus, Dahlia and 

l Permtwnt address Dcptment of Biology, Tokyo Gakugei 
University, Koganci, Tokyo 184, Japan. 

Helenium. Eight new zwitterionic anthocyanins are 
described. 

RESULlS 

Electrophoretic survey 

The results of a survey of 31 species representing 28 
genera of the Compositae for zwitterionic anthocyanins 
are shown in Table 1. This includes data from our earlier 
survey [ 11. As will be seen, zwitterionic anthocyanins 
appear to be widely distributed, since they were found in 
all but four species. In the case of positive species, all the 
pigment moved away from the origin during eleo 
trophoresis, indicating that all the anthocyanin was 
present in acylated form. 

The survey was reasonably representative at the tribal 
level in that members of 12 of the 13 tribes of the 
Compositae were sampled. The member of the 
Calenduleae examined was unacylated but since this was 
the only species surveyed, it does not necessarily mean that 
the tribe as a whole lacks zwitterionic pigments. Clearly 
further sampling in many genera is desirable. For 
example, in our survey Senecio cocciMep0ru.s was negative 
and yet the garden cinerarea Senecio cruentus is known to 
have malonated pigments [S]. Thus further species nee-d 
to be examined before it can be known whether or not the 
majority of Senecio species accumulate zwitterionic 
anthocyanins. 

Variation is clearly possible within species, especially in 
those that have been cultivated, since acylation is ahnost 
certainly controlled by a single dominant gene. Indeed, 
among Zinniu cultivars, one form ‘Persian Carpet’ was 
positive, but two others were negative. This was 
exceptional In other cases, e.g. Dahlia uariabilis, all the 
cultivars examined proved to be positive. 

That acylation with organic acids is a major structural 
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Tabk 1. The pr~~ncc/abscncc of zwitterionk anthocyanins in members of the 
Compositae 

Tribe GelWands*+ 

-=I 
absence of 

mobik pigment 

vcmonkae 
EUpalOlk4U 

Astcrcac 

hkac 

HClialltheae 

Anthcmideae 

AfCtOttae 
Cakndukae 

Mutiscae 
Lactuceae 

Smkuh locvis Hill 
Agerarlml cv. ooran 
uotriy spkata Willd. 
Aster various cvs. 
&UiSpcrmnlcL 
cal1i.uepbl.l CNnndr Cass. cvst 
Erigeron tiiliqii Voroch 
iielichryaon cv. Swiss Giant 
Helipterum roseum Benth. 
BLlens sp. 
Cosmos anauanguineus Hook. 
Dablia cmiabiik L various W@ 
Gaibdh grand#Yora Hart. 
Heknium cv. Bruno 
Helianthw annuus L cv. 
ZMoCV.pcrsianCIUpCt 
Liguluriu pmwakki cv. The Rocket (stem) 
Seneeio coce&n@orus Row1 
Cdcarirphw myco& (L) Reichenb. fil. (stem) 
Tanacetum coccinem WiM. 
Alctotts sp. 
Osreospemwm jucundum (Phillips) Nordlindh 
cmtaurea WWntaM L 
C.nigraL 
Cirsitan arWn% (L) *P. 
C. dksectum (L) Hill 
Cjmara scolymus L ev. 
G&era jamesonii 8olus 
Cicerbita pbmieri (L) Kirschlegcr 
cichorium mdicia L 
C. buybus L 

*Unless otherwise indiatad. liguks or rays were analyscd for anthocyanin. 
tGardcn asters analyscd were the cvs Princess Early Cekbration, Professor A. 

Kippcnbcrg and King George. 
$Monomalonatcd pigments were recorded in cvs Jill Doe, Alltami Cherry, Biddenham 

Rust, Shandy and Gay Princess; mom+ and dimalonatcd pigments in cvs David Howard, 
Bullseye, Willows Violet, Cathy, Alhami Corsair, Rocquencourt, Chimbrazo, Ascot Julie 
and Biddenham Strawberry. 

feature of anthocyanins in this family is now clear. As 
described below, detailed investigation of eight antho- 
cyanins from five selected plants showed that 
malonylation is very common. 

Identijication of eight new malonated akthocyanins 

Anthocyanins were isolated from fresh plant material 
(Table 2) by extraction into methanol-acetic acid-water 
(10: 1:9) and solvents containing mineral acid were 
avoided at all stages. Most pigments were initially chro- 
matographed on Sephadex LH20 to remove non- 
anthocyanin impuritits and were then purified by PC in 
solvents butanol-acetic acid-water (4: 1:s) and 15% 
acetic acid. The presence of dimalonylation in crude 
extracts was clear from the initial electrophoresis, since 
dimalonates moved twice as far towards the anode (ca 

6cm) as did the monomalonates (ca 3 cm) when 
electrophoresed in acetate buffer pH 4.4 at 40 V/cm for 
2 hr. The purilied pigments were monitored for 
homogeneity by electrophoresis, HPLC and TLC before 
analysis. 

The characterization of malonic acid as the sole 
acylating group in all eight pigments was based primarily 
on fast atom bombardment/mass spectrometry (FAB- 
MS) in glycerol (Table 3), whereby pigments 1.2.5 and 6 
were established as monomalonates and pigments 3,4,7 
and 8 and dimalonates (Table 2). Fragmentation in FAB- 
MS also indicated clearly the masses of the aglycone and 
the sugar substituents. The nature of the unacylated 
moiety in all pigments except 5 was readily confirmed by 
saponification and direct spectral and chromatographic 
comparison of the products with authentic markers. 
Furthermore, the presence of unacylated glucose residues 
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Tabk 2 Malonatcd anthoqanins identified in the Omrpositae 

Structure Pigment 

1 Pelargooidii 3-(6”-malonylgb~co~i) 

2 Pelargonidin 3-(6”-malonylglucoside~5-ghwxide 
3 Perhargonidin ~(6”-malonyl%ucosi~~onylglucoside I 
4 Cyanidin 3dimalonylglucoskk 
5 Cyanidin 3-malonylglucuronosyfglucoside 
6 Cyanidin 3-(6”-maionyigkxside)-S-gbxoside 
7 Cyanidin ~(6.-~onyl~~ide~~~ony~~~ t 
8 ~lph~~~ ~(6”-~ony~~~ j~~ionyl~~~e 

plant source 

Callistephw chinmsis c4 Ptioass 
Fatly Celebration--ray flowers 
Dahlia uariabilis ev Biddenham Strawberry-rays 

cokostrphus ntyconlP-stems 
Hekmium w Bruno-rays 
Dahlia twiabGis cv Shady-rays 

Cicbrium iJti~gules 

Table 3. FAB-MS of malonated anthccyanins 

loss of loss of loss of loss of 
malonic glucox malonylglucose 2 tnalonyl Aglycone 

Pigment [M]’ [M -86]+ [M-162]+ [M-248]+ [M -172]+ [Ml’ 

1 519 433 - - - 271 
2 681 595 519 433 - 271 
3 767 681 - 519 595 271 
4 621 535 - - - 287 
5 711 625 53s - - t87 
6 697 611 535 449 - 287 
7 783 697 - 535 611 t87 
8 799 713 - 551 - 303 

l Luss of glucuronic acid [M - 176]+. 

is clear from the FAB mass spectra (Table 3). Pigments 2 
and 6 lose glucose (162) directly from the molecular ion. 

The presence of aliphatic acylation in pigments I-8 was 
also clear from comparison of the relative R, values and 
retention times on HPLC (Table 4). M~ony~tion~~r~- 
teristically increases the retention times of ~th~~ins 
on a spher~or~hexyl column, usually doubling the 
elution time over the free anthocyanin. Malonic acid itself 
was also readily detected as a saponification product of all 
eight pigments. Additionally, hydrogen peroxide oxida- 
tion of all pigments except 4 and 5 yielded 6-malonyl- 
glucose, identified by co-chromatography and co- 
electrophoresis with authentic material prepared by 
similar oxidation of cyanidin 3-(6”malonylglucoside) 
earlier characterized as such by ‘VI NMR spectroscopy 
[4’J. This established the position of malonyl attachment 
to the 3-glucose moiety in m0st cases. With pigment 4, 
hydrogen peroxide oxidation gave a dimalonyl-glucose, 
which could not be characterized as regards the positions 
of ~ony~tion because of the lack of authentic materials 
for comparison. However, the d~lonyl~~ was well 
separated from dmalonylglucose by its significantly 
lower R, values on paper and its greater mobility on 
electrophoresis (see Table 5 and Experimental). Our 
failure to detect a dimalonylglucosc from the other 
dimalonated pigments (i.e. 3, 7 and 8) indicated that in 
these cases, the second malonyl group must be attached to 
the glucose in the 5-position. Thus, they have a 
symmetrical structure with malonylglucose substituents 
in both the 3- and S-positions. The FARMS results 
(Table 3) also support these symmetrical structures, 
because no direct loss of glucose oaxus in these cases. 

Only in the case of Helenium compound 5 was an 
unexpected pigment formed on saponification. The Orig- 
inal 5 was unusually mobile on electrophoresis, behaving 
like a dimalonate, which after saponifkation to remove 
the malonyl substituent, was still electrophoretically 
mobile and zwitterionic. Its structure became clear when 
acid hydrolysis yielded both gluc0se and glucuronic acid. 
From the results of partial acid hydrolysis and from the 
FAB-MS fragmentation pattern (Table 3), it is clear that 
the glucose moiety is linked directly to cyanidin in the 3- 
position and that glucuronic acid is the terminal sugar. 
Confirmation of the structure of the deacylated pigment 
came from FARMS (molecular ion 625, C2rH~s0r7 
requires 625) and from HtOl oxidation, which yielded the 
expected disaccharide. Partial acid hydrolysis gave the 
same disaccharide and cyanidin 3glucoside in low yield. 
The resistance of the 3diglyc0side to acid hydrolysis is in 
keeping with the assignment of the gfueuronic acid residue 
to the terminal position. T’he presence of glucuronic acid 
su~titution was also evident when acid treatment in a 
methanolic rather than an aqueous solvent led to the 
CsteriEcation of the free carboxyl of the glucuronic acid 
substituent. The position of malonylation and the nature 
of the interglyc0sidic link remain to be determined, but 
the FAB mass spectrum shows a loss of glucuronic acid 
(176) directly from the molecular ion suggesting that it is 
the glucose residue that is malonated. 

This pigment is unique in being the 6rst anthocy&n to 
be reported with glucuronic acid as one of its sugars. It is 
clearly zwitterionic, even witbout the additional malonyl 
substituent. Disaccharides containing glucose and glucu- 
rot& acid have been reported in both the flavone and 
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Tabk 4. R, vahtes, ckctrophoretic mobiities and retention times of Compositae anthocyanins 

R,(xKtO)in* 
Mobilityt 

Pigment BAW BuHCl 1% HCI HOAc-HCI (an) RR,t 

Pelargonidin glycosides 
3Gk 46 33 09 30 0.0 1.00 
3-malonyl Gk (1) 48 45 11 39 21 211 
3,Sdi Gk 39 16 23 49 0.0 1.00 
3-malonyl GLoS-Gk (2) 38 28 I 

35 
I 

61 
3.6 1.87 

3-malonyl Gk-5-malonyl Gk (3) 38 34 7.1 267 
Cyanidin glycosida 

3-Gk 29 20 04 19 0.0 1.00 
3-malonyl Gk 36 35 07 24 1.3 214 
3dimalonyl Gk (4) 36 47 08 30 3.4 2% 
3-malonyl Gk Glur (5) 22 26 54 74 4.5 270 
3-Gk Glur 21 21 65 
3,5-di Gk 
3-malonyl GU-Gk (6) 
3-malonyl Glc-5-malonyl Gk (7) 

;i $ ir z ; $ 

Delphinidin derivatives 
3,5di Gk 10 02 07 20 0.0 1.00 
fmalonyl GLc-5-Gk 22 
Imalonyl Glc-5-malonyl Gk (8) 22 

11 I 
31 

22 
I 

46 
3.5 1.73 
7.0 3.55 

l R,s were measured on mkrocrystalline cellulose after asamding TLC. 
t Mobilities after ekctrophoresis on Whatman No. 3 paper at pH 4.4 at 40 V/cm and 1 mA/cm for 

1.5 hr. 
*Retention times were measured in set and are related to the times of the corresponding tmacylated 

anthocyanin, e.g. 1(978 set) in relation to Pg 3-Gk (463 sac), 2 (433 see) and 3 (619 set) in relation to Pg 
3,5di Gk (232 set), etc. For HPLC conditions, see Experimental 

Tabk 5. R, and Es values for acylated gluooses 

R, value in* 

Acylated sugar BAW BTPW BEW PhOH Est 

6Malonylghkose 1.07 0.19 0.26 0.37 Q54 
Dimalonylgluccee 1.26 0.05 0.09 a20 a93 
Maknylghtcuronosylglucose 0.29 0.02 0.06 0.04 0.85 
8=+Ylglu==# 1.81 0.30 a41 1.03 a28 
MalylglucoseS 0.80 0.17 0.19 228 a40 

*Measured on PC in n-BuOH-tolue~ine-HsO (5: 1:3:3), n- 
BuOH-EtGH-HsO (4: I : 2: 2) and PhOH (PhOH-HIO, 3: 1). 

t Mobility relative to sabcylk acid on Whatman No. 1 paper at pH 4.4 and 
40 V/cm and 0.5 mA/cm. 

*Obtained respectively from Centoweo and Dimthus anthocyanins, 
shown for comparative purposes. 

flavonol glycoside se&a, but without complete charac- 
tctization. It is therefore not poasiblc at present to say 
whether they are the same or different from this disac- 
charide in Heleniunt 

DISCUSSION 

As a result of these investigations, the number of 
zwitterionic anthocyanins known in plants has been 
signScantly expanded. Of the eight new pigments, four 
might well be expected to be of fairly common occurrence 

iu plant families where zwitterionic anthccyanins are 
common [cf. 13. These are the monotnalouatcs of pcl- 
argonidin 3-glucoside, pelargonin, cyanin and delphin. 
Indeed, the 3-(6”-malonylglucoside) of pelargonidin may 
be identical to the partially characterized 3-malonyl- 
glucoside of Gerbera flowers [q. The pigment has also 
provisionally been detected in Yera flowers [J. B. 
Harbome, unpublished results]. 

From electrophoretic surveys, it appears that di- 
maionates are much less common than monomalonates. 
So far, they have only been detected in Cichotiuq 
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Coleost&us and Dahlia, where they are accompanied by 
the corresponding monomalonates. Two types of di- 
malonate are apparent: those with two malonic residues 
attached to the same sugar as in 4; and those with malonic 
acid attached separately to different sugars, as in 3.7 and 
8 

In all the plants examined in detail, malonic acid was the 
only organic acid attached to the anthocyanins in spite of 
the earlier report of acylation by succinic acid in the 
Centaureu anthocyanin. So malonic acid is probably the 
more usual acyl substituent in the Compositae. since 
representatives of five different tribes have now been 
shown to contain malonated pigments. It is possible that 
the replacement of malonic by succinic is confined either 
to the genus Centaureo or to the tribe Cynareae to which it 
belongs. 

As already mentioned, the discovery of zwitterionic 
anthocyanins as being almost universally present in the 
Compositae means that earlier investigations of 
anthtxyanins, where precautions against deacylation were 
not taken, will have to be revised. This is true in the case of 
the cornllower Centaureu cyanus, the pigment of which 
was reported in classical times as cyanin but which has 
been revised as the 6”-succinate [7,8]. In our work, we 
have found petals of 14 named cultivars of Dahlia 
mariabilk to contain 6”malonates of pcrlargonin and 
cyanin, whereas the unacylated pigments were reported 
earlier [2,3]. Additionally nine of the 14 cultivars contain 
dimalonates (see Table 1). Similarly, earlier investigation 
of the anthocyanin in blue chicory flowers indicated the 
presence of delphin [lo] while reexamination now shows 
a mixture of mono- and dimalonate. 

Again, early investigation of the pigments in the 
Chinese aster, Callistephus chinemis, indicated the 
presence of cyanidin and pelargonidin Iglucoside [ll]. 
More recently, Forkmann [12] reported unidentified 
aliphatic acid acylation in the anthocyanins of this plant. 
Our present report of pelargonidin 3-(6”- 
malonylglucoside) in a scarlet red colour form suggests 
that other malonatcd anthocyanins will be found in the 
petals of this very variable ornamental plant. Further 
investigation of the anthocyanins of this and other 
composite genera are in progress. 

EXPEBIMENTAL 

Plant MU&I. Most of the plants sampled were in living 
collections of the University of Reading botanic garde0 or of the 
Dqmrtmmt of Horticulture at Shinticld Grange. Colcartrphus 
myconis, C&horium endlvia and C. inrybux were grown from 
autbentkated seed. Species of GaUlardia, Heiichrysum, 
Helipterq Liar& and Osteospemuan were plants of horti- 
cultural origin. 

Isolation and pvyication. Pigments were extracted from 
freshly picked flowers with MeOH-HO&H10 (10: 1: 9, MAW) 
andtbe~tmdextractstakentodtyncssInwcvoat300.Tbe 
residue, afta dissolution in MAW, was passed through a 
ScphadcxLH#)column(l.O~20cm)intbesame~olventTbe 
pigment fraction was again taken to dryness and further puriEed 
by prep. PC in the solvents +BuOH-HO&HI0 (4: 1: 5. top) 
and 15 ye HOAc Fii. the pignwnt was onoz more puri6ed on 
sephedcxLH20inMAW.!%namalo&ed pigments decompose 
slowly in soln. they were routinely stored at 0” as sdids. after 
evaporation to dryness. 

PQment Uent#cation~ The pure pigments were subjected to 

absorption spectrophotometry, FAR-MS (Table 3), TLC on 
w auulosc a@& standards in four !Jolvcnts 
(Tab& 4h ckctrophorcsis at pH 4.4 (Tabk 4) and HPLC (see 
below), Acid hydrolyses and HIOl oxidations werccarricd out by 
M proceduresand the products identilied in the usual way. 
R, and Es values for the acylated sugars obtained by H,O, 
oxidation are given in Table 5. 

Mass spcctrommy. Positive ion FAB mass spectra were 
recorded on W-sensitive paper using the Kratos MS9/mC 
mass spectrometer operated at 8 kV acalerating voltage and 
equipped with an Ion-Tech II NF atom gun. A beam of fast atoms 
of xenon (9 kV nominal) was used to desorb ions of the sample 
dissolved in glycerol. The data reported in Tabk 3 represent the 
major ions attributed to the sampk, the matrix background 
having been subtracted. 

Hieh prrf orm~cc liquid chromatography. HPLC was carried 
out on a reversed phase Spherisorbhexyl (5~) column (1.5 
x 10 cm) at 35”, gradient eluted with solvent A, 0.6% aq. HCIO, 

and solvent B, M&H, with detection at 520 nm and a flow rate of 
1 ml min-‘. For pigment 4 (Table 4), the gradient was based on 
increasingtheamountofBinA,i.e.2O%BforlSmin,3O%Bfor 
5 min, 40% B for 8 min, followed by 98 % B. For all the other 
pigments, the gradient changed from 22 % to 33 % B in 11 min, 
33% B for 10 min, changing from 33% to 40% in I4 rnia 
followed by 95 % B. 

De&don of malonic acid. After saponitication of each acylated 
pigment and acidification, the hydrolysate was allowed to 
evaporate to dryness in air current at room temp. The organic 
acid was dissolved into Et,0 and this extract was chromato- 
graphed on microcrystalline cellulose against authentic markers 
in four solvents, with detection with glucose-a niline. The 
solvents were BAW. n-BuOH-HCO,H-H,O (4: 1: 5). 
EtOAcHOAc-HI0 (3: 1: 1) and EtOH-H,O-NH.OH 
(16:3: 1). In all cases, malonk acid was the only acid detected. 

Hrleniw anthocyank This pigment had I=“-“” at 284, 
335 and 532 nm, the E&E_ ratio being 21”/, The saponified 
pigment (cyanidin 3-glucuronosylglucoside) gave a disaccharide 
on H201 oxidation. On controlled acid hydrolysis in 2 N HCI at 
85”. it was very resistant (some unchanged pigment after 2 hr) but 
was slowly degraded to cyanidin. only traces of cyanidin f 
glucoside were formed as intermediate. Controlled acid hy- 
drolysis in 2 N HCI containing 70% MeOH rapidly led to the 
formation of the methyl ester and this gradually degraded to 
cyanidin 
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