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Ah&act-An electropboretic survey of mainly floral tissues of 282 species from 68 families showed the prcscncc of 
xwittcrionic anthocyanins in 38”/, of the specks and in 30% of the families. Families rccognised for the 6rst time as 
having such pigments include the Alliaccac, Graminau, Orchidaccae and Ranunculaccae. Families where they are rare 
or absent include the Boraginaceac. Geraniaceae, Iridaceac, Onagraaac and UmbcUifcrac. Acylating acids so far 
idcnti8ai are malic, malonic and succinic and of these three, malonic seems to be the most common. The significance of 
this acyktion appears to be related to the stabilization of anthocyanins in the acidic environment of the cell sap. 

INlRODUCllON 

Until recently, anthocyanins containing acyl substitucnts 
were thought to be con6ncd to no more than 20 plant 
families and the acyl group present was either an aromatic 
acid, such as caIfcic or pcoumaric, or else the simpk 
aliphatic acetic acid [ 1.23. Howmr, it is now ckar from 
both a limited survey of floral pigments [3] and from 
dctaikd investigations of individual anthocyanins [e.g. 43 
that anthocyanins are also acylatcd in nature with ahph- 
atic dicarboxylic acids, such as malonic [4], malk [S] or 
succinic [a]. Such acylation rcndcrs the anthocyanin 
xwitterionic which means that it is possibk to detect these 
pigments wzy simply by paper ekctrophorcsis in a buffer 
of pH 4.4 [3,7’J. 

Another important feature of this type of acyktion is 
the instability of the acyl linkage in vitro, particularly 
when compared with other types of acylation. If such 
acyktcd anthocyanins arc cxttactal by standard pro- 
cedures using mcthanolic HCI, there is intermediate 
methyl ester formation, but the main reaction is loss of the 
acyl group within quite a short time. Successful extraction 
of xwitterionic anthocyanms depends on the substitution 
of HCl by weaker acids, acetic or formic, in the aqueous 
methanolic solvent. Because of this unusual lability, a 
variety of pigments, particukrly several present in dowers 
of the Compoaitac, now known to be acylatcd were 
previously reported to be unacyktai. In particular, the 
flowers of cornflower, c3entoureu cyoauc, the classic source 
of cyanidin 3Jdiglucoside, have now been shown to 
contain the 3-(6”-succinylghkosidc)-S&coside using 
milder methods of extraction and puriBcation [6,8]. 

There is the possibility that other pigments &racter- 
ixed in early investigations as lacking acyktion might in 
fact carry these kbik substituents. It was therefore 
important to extend the earlier limited survey of some 81 
specks for xwitterionic anthocyanms [3] to a wider 
sampling of families. The results of this more extended 
survey of an additional 200 specks arc presented here. 

RESULTS AND DISCURSION 

The rcsuhs of surveying 282 spp. from 68 families arc 
shown in Table 1. Also included are the results of the 
carlia survey [ 33 and those species in which anthocyanins 
acyktai with dicarboxylic acids have been characterized 
[f133. This survey was based largely on petal pigmm- 
tation, but other tissues were also examined where 
appropriate. Of the 68 families surveyed, 24 were positive 
(i.e. contained xwitterionic pigmcntsX i.e. some 35 % of the 
sampk (Table 2). New families not previously rccognisal 
as having these acykted pigments include: in the di- 
cotyledons, Euphorbiaceae, Malvaocac, Thymeliaceac 
and Verbenaceac; and in the monocotykdons, Alliaceae, 
Gramincac, Liliaccac and Orchidaccac. At the species 
level, the frequency of xwittcrionic antbocyanins is about 
38 %. This probably over estimates the actual frequency 
among the angiosperms generally, since it is biased in 
terms of sampling towards those families in which 
xwitterionic pigments were first found. Nevertheless, it 
suggests that the actual frequency at the specks level may 
be as high as 25%. 

In those specks with anionic pigments at pH 4.4, all the 
pigment moved from the origin in nearly all cases, 
indicating that acylation normally extends to each individ- 
ual anthocyanin that may be present. This has generally 
been con8rmcd in those plants which have been the 
subject of detailed analysis. The possibility of obtaining 
fake rest&s, due to the compkxing of anthocyanin with 
other constituents in crude plant extracts seems unlikely, 
in view of the relatively acid pH used for electrophorcsis. 
This was tested for with fkvone glucuronidcs which also 
move anionically at pH 4.4. However, it was found that 
non-xwittcrionic anthocyanins were unaffa%al when ekc- 
trophorescd in admixture with apigenin ‘I-glucuronide. 

The positive families listed in Tabk 2 vary from those 
where acylation is universal (Labiatac, Ahkccac) or nearly 
so (Compositae, Ball uIIcu18otBc. Scroph&riacuu) to 
those with only occasional oaXrmXe (Iridaceac, 

1887 



1888 J. B. HAR~RN~ 

Table 1. Elcctrophoretic survey of angiosperm flowers for zwittcrionic anthocyanins 

Plant family Genus and spazics 

DICOTYLEDONEAE 
AcaMhaceac 
Anaaudiaccae 

Mow=-= 

BCgOtlilKXX 
Bcrbcridaceac 
Bignoniwxac 
BoraginaLxac 

Buddkiaaac 
CampfmuIaczac 

cii- 

Compositae 

Acanthus spinasus L. 
Rhus cotinus L. 
Rhazya orimtalis A. DC. 
Vinca mjor L. 
Begonia cv. Black Jack 
Berberi.9 vulgaris L. 
Cazalpa bignodoides Walter 
Barago o&inalis L. 
cynoglossum o#&ale L. 
Echtum rubrum Jacq. 
E. m&are L. 
Echlwn cv. dwarf hybrid 
Uthospemnmt purpuro cmlcum L 
Myusotis syltiica Hoffm. 
Pamcarywn heliocnrpwn Kern. 
Pubnonwia oficinolis L. 
P. rubra Schott 
P. saccharafa Mill. 

synlphytum o&inale L. 
Buddleta daoidii Fran&. 
Campanula partenschlaglana Rocm. 8t Schult. 
c. cervic6vfa L. 
Ca&napsts cardiophylla Dick cx Kom. 
7kAduJn CMJcwl L. 
Caww edulis Kcr-Gawl. 
I+lqclia sp. 
Agros&?Ma @ago L. 
Dimthus carthusianorum L 
D. caryophyllus L. pink forms 
deep red forms 
D. deltoidcs L. 
D. nitidw WaIdst. B Kit. 
D. sylwstris Wulf. 
Lychnis chalcaionicn L. 
L.@wucullf L. 
L.@s-juvis Desv. 
hfochrbqia pentantfra J. Gay 
Saponaria oficinalis L. 
Silene dioica (L) CIairviIk 
Cistus roseus Jaq. 
Helkmrhemm cv. HcnEcId Brilliant 
Agerawwt cv. Ckxan 
Arcrotis sp. 
As&r cv. 
Bellis p?mni.S L. 
Bidens sp. 
Call&tephw chinensis Cass. 
Centaurra cyanus L* 
C. grinens& Reuta* 
C. jacea L.* 
C. macroptilon Barb.* 
c. micranthes Gmcl: 
c. nwntana L. 
C. n&a L. 
C. pannanica (HeulT.) Simk* 
C. spinulosa Rochcl’ 
Cicerbita plumieri (L.) Kirschlega 
Cichorlw endivla L. 
C. intybus L: 
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Table 1. (Cantinamf ) 

plant family Gcnusaudspa+s 

Mobile 

cwm pigment 
surveyed psmmt 

Convolvulmae 

CISSS~C 

CtUCifaaC 

Dipsacaaac 

Eupborbiaaav 

Fugaocac 
F- 

Glob- 
Haloragidacaac 
Labhuac 

Cirsila, arvense (L) S-P 
C. dissecrum (L.) Hill 
Cokostephus myconis (L.) Rcichcnb. f. 
Cosnws atrosanguineus Hook. 
Cynara scolymus L. 
Dahlia variabilis L. cvs 
Eri~eron rillingii Voroch 
GaNardia grandlpoto Hart. 
Gerftera jamesanii Bolus* 
Helenhun cv. Bruno 
Helianthns annuus L. CV. 
Helichrysum cv. Swiss Giant 
Helipterum rosetan Bed. 
Liatris spicata Willd 
Ligularia pmvalski cv. The Racket 
Os~eospmmvm jucundum (Phillips) Norlindh 
Senecia cacciMcpotlcs Rowl. 
s. Cruenfus DC: 
Stdvsia laevis Hill 
Tanocetum caccineum Willd. 
zinnia cv. Persian Carpvt 
Convalvulus arvensis L. 
Convalvulw cv. 
Calystegia sepium (L.) R. Br. 
Crass-u/a schmidtii Rcgel 
Seduwt spectabile Borcau 
Aubretia dehoidea DC. 

Bras&a oleracea L.* 
Chefranthus cheiri L. 
Lunmia annua L. 
Maricandia armsis DC. 
Raphanus satiws L. cv. 
Knautia mwtsis (L.) Coult 
K. macedonfca Griseb. 
Scabiasa atropurpurea L 
Daboecia canrabrka (Hudson) C. Koch 
Rhododendron ponficum L. 
Rhodoabtdron cv. 

Ricinus communis L. 
Fags sylvatica L. 
Dicentra eximia Tot-r. 
Erodium malacoides Willd. 
Geranium endressii Gay ‘Wargrave Pink 
G. himalayense Klotzsch. 
G. madmnse Yco 
G. tnacrwhistan L. 
G. pratense L. 
G. raberuamm L. 
Pelorganium hmense cv. Red White stem 
cv. Red Minicascade 
Columnea x oedrarien& Hort 
Rechsteineria lewotricha 

Saintpaulia ionanthe H. Wandl. 
Sweptocarpus saxorum Engl. 
Streprocarpus hybrida cv. Constant Nymph 
Glabularia nudicaulis L 
Gunnera manicata Lindcu 
Coleus sylvalica 
Hyssopus o&nalis L. 
Lamium wkxulawm L. 
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Table 1. (Continued) 

plant family Genus and @es 

Lardizabalamae 
Leguminosae 

Leguminosac 

L&diaaae 

L- 
Magnoliaccac 

w-= 
Nymph-== 
Ol- 

onapaae 

Papavaaccac 

Peoniaceae 

Polanoniaccae 

PllllllblIgill8CUE 

Polygonaaac 
Plimulaaae 

L#andula stoechas L. P 

Monarda didyma L. P 

Plectranthus argentatus L. P/l- 
P. luteus P 

Rostnarinus o@nalis L. P 

Salvh nemorosa L. P 

S. wrticlllata L. P 

S. virgata L. P 

s. viridis L. P 

Stochys sp. P 

S. o#icinalis (L) Trevisan P 

S. sylvatka L. P 

7hymu.s praecox Opiz Subs. arCticU.5 P 

T. pulrgoides L. P 

Akebia quinita Dccne P 

Anthyllis montana L. P 

Baptisia australia R. Br. P 

cercis si1iquastnun L. P 

C. chinemis Bungs P 

Clitoris tmatca L.* P 

Cytisw scoparius (L.) Link P 
Lothyrus lat$olius L. P 

L. odoratus L. Sutton’s hybrids P 

Lotus berthclotii Masf. P 

Lupinus cv. Russell hybrid P 
Parochetus communis Buch. -Ham ex D. Don P 

Sophura vicii/olia Hancc P 

mfolium rqens L. P 

V&lo saliva L. subsp. sativa P 

Lob& cv. Mrs. Clibran P 

cv. String of Pearls P 

Lythrum salicaria L. P 

Magnolia x soulangeana Hart. P 
Schizandra rubrjflora Rebd. & Wils P 

Abut& hybrfdw Hott. P 

Althaea o@%alis L. P 
Hibiscus rosa-sine&s L. P 

MaIvu sylvestrfs L. P 
Psi&m cattleianum Sabine F 

Nymphaea marliacea cv. Attractum P 
Forsythia suspensa Vah stem 

Syringa uulgarts L. P 
Chamamerion angustifolium (L.) Stop. P 

Epilobium montanum L. P 

Fuchsia fulgens DC. P/S 
Fuchsia cv. Ganenmusta Bonstadr P/S 
L.opezia racemosa Cav. P 

Eschsholtzia cv. P 

Papawr nudicaule L.* P 

P. orientale L. P 

P. rhoeas L. P 

Paeonia oj5cfnalis Awt. P 

Paeonia cv. P 
Phlox drumnwndii L. P 

P. paniculata L. P 

Poiemoniwn caeruleum L. P 

Am&a maritha L. P 

Ceratostigma willmotthnum Srapf. P 

Limonium cvs. P 

Polygonum q#ine D. Don P 
Cyclamen hederifolium Aiton P 
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Rosaceae 

Primula bulleyana Fotmt 
P. yargonends Pctitm 
Pwdca granatm L 

Ranunculaaae AconitM llapdlw L 
Actaea sp. 
Aquilegh vulgaris L. 
Aqldlegia cv. 
Clematis alp&la (L.) Miikl 
C. x jackmrmnir Hott. 
c. oiticella L. 
Consolida ambigua (L.) R. W. Ball & Heymod 
luatilla montana Reichb. 
Puhtillo mdgaris Milkr 
Chaenowks ja~nicu LindL 
Crateagus monugytta Ja~q. 
hfalus domestica Borkh. 
Potentilla atrosanguinea Loddiga cx D. Don 
P. nepalensis Hook. 
Prunns cerasus L. 
Rosa m&flora cv. Crimson Rambler 
Spiraea salicr/olia L. 
Astilbe japvnica L. 
ikrgenia cv. Dark Pink 
Escallonia cv. 
Saxifroea x urbium D. A. Webb 
Atropo belldmna L 
Browal/ia demi5.w L 

Hyosyrrmur n4w L 
h5candra physaludes (L.) Gaertn. 
Petunia hybrida cv. Colout Parade 
Solanum dulcmnara L. 
S. crispum Ruiz & Pav. 
Antiwhfnum majus L. 
Cymbalaria wulralb 
Diascia r@scens 
Digitalis pqmwea L. 
Hebe cv. Karl Tachcr 
Melampynun cristanun L. 
Mfmulus guttatu DC. 
Minwlus luteu.9 
Parahebe CalarroctLx (Font. f.) Oliver 
P. perfoliata (R. Br.) Briggs et Ehnad. 
Penstenwn cv. Skyline 
Veronica chamaedrys L. 
v. /3!brmis Sal. 
V. longi/olta L. 

Thymeliaasu Dap4ne retusa 
D. cv. 
Camellia sansaqw Thunb. 

Umbciliferae Daucus carcna L. 
Anthriscus sybestris (L.) Hoffm. 
Heraclenm mantegassianum Sommicr & Levier 

V&tiUMUU CentranthvJ r&r (L) DC. 

VCtbavccar verbena x hybrida Voss 

Viohxae Viola ridniana Reicbcnb. 
v. x wfttrockkrno Gim? 

MONOCOTYLEDONME 

!3ctophlllarirsaee 

AMi&Xac Allhan a&asum L 
A. cristophii Trautv. 
A. ochr- Waldst Kit. 
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Table 1. (Continued) 

Plan1 family Gcmls and spa& 

MObii 

Organ pigment 

SUfVcybd present 

Auiaaae 

Amiuyllidaceac 

Browliactae 
Commelinaccac 

Gramineac 

Ilidactac 

MU- 

Grchidaccae 

Zingibcmceae 

A. schoenopraslan L. 
xanthosma o&lacelml 
Haemanrhus katherinae Baker 
Vallora speciosa Durand & Bchniz 
Billbergia decora Poepp. & End. 
car?vne1ina cammwus L: 
Rhoeo discolor Hana 
Setcreasea purpurea Bean 
lMe%lnria naulcvlnrfs chtgia 
T. cv. Lconora 
Zebrina pendula S&n&l 
Phra~mities awtrolis (Gtv.) Trin. ex Stcudcl 
Zea mays L. 
Anomarheca &xa (Thunb.) Goldblatt 
A. cerrucosa (Vogel) Goldblatt 

Crocus speciosus M. Bieb. 

Dieres wgetata (L.) N.E. Br. 
G&&o/us illyricus Koch 

G. papilio Hooker f. 
Iris crfstata Sokndcr 

I. douglasiana Herbert 
I. ensara Thunb. 
I. luiescens Lam. 

1. wuacrosiphon Torrey 
1. setos(1 Pall ex Link 
Lupeirousia corymbosa (Lam.) Goldbl. subsp. josligiata 

Schizostylis coccinea Backh. & Harv. 
Sisyrfnchiw gramingoliuwi Lindl. 
S. mantaawn Greene 
S. striatum Sm. 
Spirodela pdyrhiza L.* 
Cokhicum agrippinum Baker 
C. byzantinum Ker. Gawl. 
C. cv. The Giant 
Endymfon non-scriptus (L.) Garckc 
Hemerocallis m. Pink Prelude 
L&m leichtlinii Hock f. 
L. wtagon L. 
Liriope spicara Lour. 
Scilka pensylwnica 

s. pert&ma L. 
Tulipa gesnerana L. cv. Queen of the Night 
Muss sapienlwn L. 
Blefilla striafa (Tbunb.) Rccb. f. 
Dacrylorhiza elara (Poiret) Soo 
Epidendrum ibaguense HBK 
Kaempjeria galanga L. 
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Key P, petal; F, fruit; L. leaf; Se, sepal; St, stem. 
‘These species have been shown previously to contain zwitterionic anthocyanins. from dctailcd investigation [7-133. 

Leguminosae, Papaveraceae, Solanaceae). It will be The only source of an anthocyanin acylated with 
interesting to see what organic acids are present in these suceinic acid is the genus Centaurea (Compositae). 
various sources, but from the limited number of pigments However, it does not appear to be generally present as an 
that have been fully characterized (Table 3), it would acyl substituent in this family, since all other genera 
appear that malonic acid is the most common. Malonated examined so far have yielded malonated pigments [43. 
anthocyanins have been characterized (Table 3) or The third acid, malic. has only been detected in Dianthus 
detected [cf. ref. 93 in at least seven families. (Caryophyllaceae) [S]. However, at least one other genus, 



Tabk 2. Familiawithxwittcrionkanth~ 
cymnins 

species 
Family frow=y 

DICOTYLEDONS 
Caryophylleaae 
Compositac 
Convolvukaac 
CtWifrmC 
Euphorbii 
Gosncrkaac 
Labiitac 
Lcguminosac 
Lobcliaaae 
Malvaaw 
Papavaraceac 
Pokmonkaac 
Ranunculweac 
Scrophukrkaac 
Soknaaac 
Thymeliaaae 
Vcrbcnaccac 

5112 
35139 

113 
516 
l/l 
115 

17117 
3114 
l/l 
214 
114 
213 
9110 

10114 
l/1 
2/2 
10 

MONOCOTYLEDONS 
Alliaaae 
Commelmaceae 
Gtamineac 
lridaaac 
Lcmnaaae 
Liliaome 
Otchidaccae 

414 
116 
2/2 
l/17 
l/l 
3/l I 
313 
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Lychnfs, in this family has xwitterionic pigments (Tabk 1) 
so that it is possible that it may be found to have a wider 
distribution. Other dicarboxylic acids, q&ally those 
which arc already known to occur in conjugation with 
hydroxycinnamic acids such as tartaric [IS], may well be 
found during detailed investigations of these novel 
anthocyanins. 

Several dimalonatcd pigments have been described 
(Table 3) and multiple acylation is clearly possibk, con- 
sidering the number of free sugar hydroxyl groups present 
in anthocyanidin glycosidca. Such derivatives would be 
immediately apparent from their increased ekctrophor- 
etic mobility. So far, however, the indications of this 
survey are that the great majority of zwittcrionic an- 
thocyanins have only one acid substitution. The position 
of this substitution would appear to the dhydroxyl of 
gludose in those pigments that have been analyscd, but 
again variation in position of substitution is clearly 
possible. 

The significance of the negative results (i.e. lack of 
anionic movement on ekctrophorcsis) at the family level 
(Table 1) is difficult to evaluate, due to the rather limited 
sampling. However, it would seem that some families 
either lack species with these anthocyanins or have them 
very rarely. This is probably true of the Boraginaceac (12 
spa&s in 8 genera all negative), Gcraniaceae (8 spp., 3 
genera), Plumbaginaceac (3 spp., 3 genera), Rosaeac 
(8 spp.. 7 genera) and Umbclliferae (3 spp, 3 genera). In 
the case of the latter family, it was possible to examine 
pigmentation in the intact plant and in tissue culture of 
Daucus cumta and in both caus, zwitterionic antho- 
cyanins were absent. 

From the chcmotaxonomic viewpoint, the occurrence 
of this type of anthocyanin acylation would seem to be 

Table 3. Known attthocyanins with ahphatic dicarboxylic acids as acylating groups 

Pigment 

PELARGONIDIN GLYCOSIDES 
3-(6’~Malonylghtcoaide) 
3-Malylghtcoside 
3-Malonylsophoroside 
3-(6’-Malonylglucosi&~~~~idc 
3.5Di(malonylghrcosidc) 
CYANIDIN GLYCOSIDES 
3-(6”-Malonylglucosidc) 
3-Malylghtcoside 
3Dimalonylghtcoside 
3-Malonylghxcurooosylglucoside 
Y6”-Malonylglucosidc~~~~~e 
3.5Di(malonylghwside) 
3-(6”~Succioylghrcoside~5-glucoside 
3-@-Coumprylglucoidc~5-mnlonyl~~de 
Rubrocinerarin* 
PEONIDIN GLYCOSIDE 
3.5(Malonyl-pcoumaryl dightcosideP 
DELPHINIDIN GLYCOSIDES 
3,SDi(malonylghnwide) 
3-(pCoumarylgkcodde~5-maionylglucoside 
Cincrarin* 
Tcmatina A-F* 

souru Refmnot 

Callistephus chinensfs 
Dianthus caryophyllus 

Papaver nudicaule 

Dahlia variabilis 
Dahlia van’abilis 

Cichorium intybus c91 
Dianthus deltoides c51 
Dendranthema myconis 141 
Helenium cv. Bruno 141 
Dahlia variabilis c41 
Dahlia variobilis c41 
Centaurea cyanus C6 81 
Stachys sp. WI 
Senecio cruentus c11.121 

Plectranthus argenteus 

cichorium iluybur 
Cawvnelina cammunis 
senecia cruentw 
Clitwia tematea 

c41 

Ei 
c41 
141 

c31 

c41 
Cl31 

Cl 1.121 
c111 

l Compkx pigments including both mahmic acid arul aromatic acid subtitucnts. 
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haphazard. The families so far rmrded as containing 
them (Table 2) are generally unrelated to each other. Even 
the five families in which they are commonly prcscnt- 
Compositac, Cruciferae, L.abiatae, Ranunculaceac, 
scrophulariaceae-are widely separated in any system of 
plant classification. This contrasts with the natural distri- 
bution of anthocyanins acylatcd with hydroxycinnamic 
acids, since the majority of family occurre~~!~~ arc in 
relatively advaacad families [l] and acylation with 
hydroxycinnamk and is thus an advanced character. 

Both types of acylation can be present in the same 
pigment (cf. Tabk 3) and pigments linked to both aro- 
matic and aliphatic acids apparently occur widely in the 
Labiitae and also probably in several other families. The 
functions of the two types of acyl substitucnt would 
therefore appear to differ. The presence of an aliphatic 
dicarboxylic acid attached through sugar would appear to 
be important in stabilizing the anthocyanin in the acidic 
environment of the cell vacuole. In vitro experiments have 
indicated that malonated anthocyanins are more stable to 
the effects of light than other anthocyanins [I l] so that a 
role for such acylation in flower colour production would 
seem likely. Further studies on the function and natural 
occurrence of these zwitterionic anthocyanins are in 
progress. 

EXPERIMRNTAL 

Phu marcrid. Plant tissuea were frcsbly collected from the 
University of Reading Botanic Gardens or from wild and 
cultivated plants collected locally. Most of the wild specks in the 
Botanic Gardens were grown from seed of spontaneous origin 
and identifications were vcritkd by the curator, Mr. 
R. Rutherford. Other idcntitimtions were provided by the tax- 
onomy sta!T of the Department. 

Efecwophorrric suruey. Pigments were extracted for g-24 hr in 
MeOH-HOAc-Hz0 (19:2: 19) and the extracts, after filtration, 
were concd at room temp. in an air draft. Elstrophotis was 
conducted on Whatman No. 3 paper in acetate buffer pH 4.4 for 
2hrat4OVcm- I. The papers were removed, dipped briefly in 
1% aq. HCI and then dried. Cationic anthocyanins remained 
close to the origin, moving very slightly towards tbc cathode, 
whereas zwittcrionic anthocyanins were clearly distinguished by 

their moemcnt (34 an) towards the anode. Rarely. di8cylated 
pigments were present and tbt# moved about 6-7 cm. Many of 
the crude extracts were alxo chrotnatographcd on Wh8tman 
No. 1 paper in the standard anthocyanin solvents and pigments 
were clastGficd into pclargonidin, cyanidin or delphinidia typcx 
on the basis of their colours in daylight and in the UV. Detailed 
seperotions and analysis of zwittcrionic anthocyanins in about 20 
species of those surveyed have been reported elsewhere [3-S, lo]. 
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