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Abstracr-The major anthocyanin in pink and red forms of Dimthus caryophyllus has been identitkd as pelargonidin 
3malylglucoside. The corresponding cyanidin 3-malylghtcoside has hen found in red flowers of D. deltoides. This is the 
lirst complete chara&&ation in plants of anthocyanins substituted with malic acid. 

INTRODUCTION 

During a survey of the flowering plants for zwittetionic 
anthocyanins [l], such pigments were provisionally de- 
tected in petals of all thtee members of the 
Caryophyllaceae examined, in Dianrhus deltoides L., 
D. syluestris Wulf. and LychnispaCjuuis Desv. [ 11. It thus 
appeared that anthocyanins with aliphatic dicarboxylic 
acids attached might be common in this family. This 
survey also suggested that the pigments of the ornamett- 
tally important carnation D. cur~~phyllus L, previously 
reported as containing the 3-glucosides and 3,S-digluco- 
sides of pclargonidin and cyanidin 12-6 , might bear 
reinvestigation. As already pointed out [1 3 , acyl groups 
based on malonk or related organic acids are labile and 
are lost during conventional extraction procedures, so 
they may have been overlooked during earlier studies. 

l Pmcnt Iddrar: Dcputnmt of Biology, Tokyo Gaku8ci 
University, Koganei, Tokyo 184, Japan. 

We here report the lirst complete identScation of 
malylated anthocyanins in nature, through their isolation 
and characterization from D. caryophyllus and 
D. deltoides petals 

REWLTS AND DISCUSQON 

Dried petals of Scania, a typical red Japanese carnation 
cultivar, or fresh petals of commercially availabk British 
pink carnations were extracted with ethanolic aqueous 
acetic acid and the major pigment putilied by preparative 
PC and by chromatography on 8ephadex LH-20. This 
pigment 1 indeed diITered in R, from pelargonidin 3- 
ghrcoside, reputedly the main anthoqanin of the red 
carnation (see Table l), but on deacylation it was con- 
verted to the 3-glocosidc [7]. That the acyl group was not 
an aromatic hydroxycinnamic acid was clear from the 
UV-visibk spectnmt, by the absence of strong absorption 
in the 3CO-340 nm region [8]. That the acyl group was not 
malonic acid was apparent from the fact that 1 was 
dilferent in R, from pclargonidin 3-(6”-malonyl- 

Tabk I. Cltromatographic and ekctrophoretic properties of L%utuhus anthocyanins 

Pigmnt 

R,(xlOO)in Ekctrophorctic 
mobilityt HPLC 

BAW BuHCl 1% HCI HOAc-HCI* (a) RJ4S 

Pelargonidin 
3-ghtcodc 46 33 09 30 0.0 I.00 
3-)-malotlylgltbC&& 48 45 II 39 2.1 2.11 
3-malylghJcoside (I) 34 38 13 42 1.2 1.91 

cyanidin 
3-gltK%ide 29 20 04 19 0.0 1.00 
3-malonylglucoaitk 36 35 07 24 1.3 2.14 
3-tMlylgitJuGtk (2) 21 26 07 28 0.6 1.97 

*TLC on microaystallinc aUulm. BAW = eBuOH-HO&H20 (4: I : Sk BuHCl = n-BuOH-2 N HCI 
(l:lkHOAeHCl-HOAc-HCCH10(15:3:82). 

ton Whatman No. 3 paper at pH 4.4 at 4OV/cm for 1.5hr. 
*On reversed phase Spberbrb-hcxyl(5 m) aAumn at 35” with gradient elution with i.ncrcasing amounts of 

MaOH in 0.6 % aq. pcrchloric acid and dctaxion at 520 nm and a Bow rate of I ml/mitt. 
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Tabk 2. Chromatographic propcrtits of organic acids and aqlated sugars from Dimthus 

anulocyanilM 

suhstMcc 

R,* x 100 Colour with 

ETN BAW3 EAA BAWl* BCG AHPt 

organicacids 
ILcylakd product 
Malicd 

18 59 66 60 yellow n.d 

13 71 73 69 yellow n.d 
23 80 82 81 yellow n.d. 

29 20 27 25 yellow brown 
53 21 24 26 n.d. brOW0 

*TLC on miaucrystallinc alhdosc in ETN, EtOH-H+NH.OH (16:3:1); BAW3, 
n-BuOH-HO&H10 (4: I : 1); EAA, EtOAc-HOAc-H,O (3: 1: I) and BAWI. 
rrBuOH-HO&H10 (4: 1: 5). 

t BCG. AHP. bnwocrtsol gtecn and onilinc hydrogen phthalate spray reagents, respect- 
ivelx n.d. = not detected. 

tMobility war 0.40 relative to salicylic acid on ckctrophoresis at pH 4.4, and 40 V/cm on 
wiatman no. 1 paper. 

gluc~~idc), which was available for comparison [9]. 
Deacylation of 1 in fact yielded malic acid, 

HOICCHICHOHCOIH, which was identified on the 
basis of co-chromatography with authentic material 
(Table 2) and of IR spectral measurements. The attach- 
ment of the malic acid through gIucose was established by 
H201 oxidation of I[ 101, which provided a malylglucose. 
This structure was conl%med by its electrophoretic 
mobility on paper and by its acid hydrolysis to yield malic 
acid and glucose (Table 2). 

The structure of 1 as pelargonidin 3-maIylgl_side was 
further conlirmed by fast atom bombardment mass 
spectrometry (FARMS), which showed the presence of a 
molecular ion at 549 (C,,HI,O,, requires 549) and also 
an ion for the potassium salt at 587. Additionally, there 
were fragments at 433 mu, corresponding to pelargonidin 
3-glucoside, and at 271, corresponding to pelargonidin. 
The FAB mass spectrum thus co-ed the presence of a 
single molecule of maIic acid linked to the glucose residue 
in the 3-position. 

Precisely similar studies on the major anthocyanin 2 of 
the crimson red petals of Dianthus delloides established its 
structure as cyanidin 3malylglucoside. Again FARMS 
confirmed this structural assignment, since a molecular 
ion was observed at 565 (C1,H1,O,, requires 565) and an 
aglycone fragment was detected at 287 mu due to 
cyanidin. 

Electrophoretic investigations ofother DiMthus species 
suggest that these malylated pigments are not necessarily 
present throughout the genus. Thus, while D. sylwstris 
appears to be similar to D. dekoides in having cyanidin 3- 
malylgiucoside, two other species with cyanic flowers 
surveyed, D. carthusiunorum L. and D. nitidus Waldst. & 
Kit., lack zwitterionic pigments [ 111. Also, the character 
varies within D. caryophyflus, because two different 
British cultivars of the crimson carnation Bower were 
found to lack acylated anthocyanins, whereas the 
malylated cyanidin 3-glucoside was present in Japanese 
forms [Yamaguchi, M. and Terahara, N., unpublished 
results]. 

While anthocyanins acylated with malonic acid have 
been reported from a variety of plants [9]. and a stinyl 

derivative of cyanidin 3,5digIucoside has been found in 
Cenroureo [IZ], anthocyanins with malic acid are much 
rarer. There is only one previous report of maIic acid in 
this connection. a maIvin derivative in Cabernet 
Sauvignon grapes [13], but the pigment was not fully 
characterized. 

It may be observed that the two new maIyhted 
pigments do differ in R,, electrophoretic mobility and 
retention time in HPLC from the corresponding 
malonated derivatives (Table 1). MaIylation lowers the 
retention time and the electrophoretic mobility as 
compared to malonylation. It should thus be possible to 
directly differentiate between the two classes of acylated 
pigment during surveys. 

Further investigation of other caryophyllous species for 
malylated anthocyanins is in progress. It may be noted 
that such pigments have not been detected by us in Bowers 
of Silene dioica, well known as a source of anthocyanins 
carrying acylation with hydroxycinnamic acids [14]. 
Clearly, a range of acyl substituents may be present in the 
pigments of this family. 

EXPERIMENTAL 

Plant maruial. flower petals of the red carnation, Diunrhus 
caryophy~lus cv. Scania were colkcted from the farm of Minami- 
Kyushu University, Miyazaki Prefocturc and dried at 50 
overnight and stored in a desiccator. Other cult&us of pink and 
deep crimson carnations and plants of L&v~hus deltoides 
examined were of British horticultural origin. Flowers of 
Diamhw species were from the living collection in the University 
of Reading botankxl garden 

Extraction wd pw-ijicruion. The petals were extracted with 
EAW (EtOH-HOAc-HIO. 10: 1: 10). The cxtrxt was puri!kd 
by prep. PC on Toyo No. 526 or Whatman No. 3 Pter paper in 
BAW2 (n-BuOH-HOAc-H1O, 4: 1: 5. bottom), BAWl and 15 % 
HOAc, variously. After passing through a Sephadex LH-20 
column with EAW, the eluate was evaporated in oacw to a small 
vol. The conocntratc was kept cool for several days, when 
crystalline anthocyanin was obtained. 

Chorncterization of-. Pigment 1, dried in wcy~ over 

PIO, overnight at room tcmp, had mp > MO” (wm.k 
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~_~~~~~Ol::HCWhOH, 
mU . 270, 510. EdE_ 63%. 

EdE, < 20%. E&E_ 43%; IRvzcm-‘: 3380. 1730 
(ester C=O), 1640, 1335, 1172. Pigment 2 was also obtained in 
crystalline form with UV-VIS 1, at 270 and 523 mn and 
absorbanoe ratios of a cyanidin 3-glycosidc. Pigment 
identilications were carried out by standard procedures, 
involving HxO, oxidation, dcacylation with alkali and hydrolysis 
with acid [9]. FAB-MS was carried out on a JMS DX-300 (Jeol) 
or on Kratos MS9/5CJTC apparatus The identification of malic 
acid from dcacylation was contirmcd by IR measurements in 
nujol, which were identical to those made on authentic material. 
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