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Abstract-Flavoncuds present m petals from Gerbera flowers were resolved and quanhtated by tigh pressure hqmd 
chromatography (HPLC) The anthocyanms isolated from 18 cultlvars, rangmg m color from orange through lavender, 
were pelargomdm and cyamdm 3malonylglucosides accompanied by smaller amounts of pelargomdm and cyamdm 
3-glucosides Related ilavonold coptgments were aplgenm and luteolm 4’-glucosldes and 7-glucosldes, apigenm 
‘I-malonylglucoslde, kaempferol and quercetm 3-glucosides, 4’-glucosldes and 3-malonylglucosldes Both quahtatlve 
and quantitative differences m these ilavonold chemical markers dlstmgmshed cultlvars with very similar colors 
Malonyl esters of anthocyamns are easily degraded by HCl and conventional extraction and punfication procedures 
were adjusted to preserve then natural state 

INTRODUCTION 

The importance of flavonold chermcal markers to plant 
taxonomy at species and higher plant orders 1s well 
documented Their usefulness now has been extended to 
establish the identity of parental origm of natural hybrtds 
[l, 23 and for culuvar ldentlfication [3-S] Although nch 
m carotenoids, this study was mltlated to ldentlfy 
flavonmds m petals of gerbera flowers, to develop HPLC 
procedures for their resolution and quantitation, and to 
determine their usefulness for dtstmgmshmg cultrvars 
with very similar colors 

RESULTS AND DISCUSSION 

Glycosldes of pelargomdm and cyamdm previously 
were reported m petals of red Gerberapnesonu Bolus [6] 
The maJor anthocyamns now ldentied from gerbera 
flower petals, rangmg m color from orange through 
lavender, were pelargomdm and cyamdm 3-malonyl- 
glucosides accompanied by smaller amounts of pelar- 
gomdm and cyamdm 3-glucosides The HPLC resolutton 
of these four naturally occurring anthocyamns 1s shown 
on the top of Fig 1 

Anthocyamns whose sugars are acylated wth malomc 
acid, when extracted with MeOH-HCl, form methyl 
esters that are easily deacylated and the general use of this 
solvent may account for the few reported spectes m wluch 
they occur [7] Then natural occurrence may be greater 
than previously thought The mltutl conversion of pelar- 
gomdm and cyan&n 3malonylglucosldes. in 1% 
HCl-MeOH, to methyl esters 1s shown m the bottom of 
Fig 1 Bmdar results have been reported Awobamn, 
isolated from blue-colored petals of Commelzna cummums, 
previously was identied as delphmldm 3-p 
coumarylglucoside-5-glucoslde 18, 91 Goto et al [lo] 
now report that this anthocyamn 1s delplunldm 3-p 

coumarylglucoslde&nalonylglucoslde and it 1s con- 
verted to awabamn and malonylawabanm methyl ester m 
the presence of 1% HCl-MeOH The anthocyamn and 
flavone present m the blue pigment from Centaureu 
cyanus, previously were ldentfied as cyamdm 3,5-dtglu- 
coslde [l l-131 and aplgenm 4’-glucoside-7-glucuromde 
[14] Tamura et al [lS] now report these compounds to 
be cyamdin 3-succmylglucoslde&glucostde and apigemn 
4’-malonylglucostde-7-glucuromde They concluded that 
the mitial ldentdicatton was due to the easily hydrolysed 
succmic and malomc acid half esters m MeOH-HCl 
Their ldentdication was based on decomposing the blue 
pigment m TFA-HOAc-MeCN-Hz0 (0 5 6 3 7 9 85 3) 
at room temperature for 0 5 hr and subsequent resolution 
by HPLC 

Eleven flavonold copigments were isolated from 
gerbera flower petals and they consisted of five flavones 
and stx flavonols One &one and two llavonols were 
acylated with malomc acid as were the maJor an- 
thocyamns (Table 1) The HPLC resolution of these 
chenucal markers 1s shown m Fig 2 Not all compounds 
were resolved with tetrahydrofuran (THF) (bands 4and 9) 
but the resolution obtamed from a second solvent system 
(MeCN) provided the information necessary for the 
quantltatlon of all 11 compounds 

The fiavonold composition of gerbera flower petals, 
from cultlvars with very nmdar orange-red or yellow 
colors 1s shown m Table 2 Luteohn 4’-glucoside, luteohn 
7-glucoslde and quercetm 3-malonylglucoslde were lso- 
lated from cult~vars not included m this survey Bgndicant 
&fferences between cultwars havmg very smular colors 
were both quahtative and quantitative Even at the more 
severe 1% sign&ant level test, cultlvars were dls- 
tmgmshed from each other on the basis of the slgmticant 
difference of usually more than one flavonold chemical 
marker The orange-red cultlvars S-39 and S-4, and the 
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Fig 1 Top HPLC resolutron of naturally occurnng an- 
thccyanms m petals from gerbera flowers Purr&d anthocyamn 
standards were taken up rn 10% HOAc-MeOH 1 hr pnor to 
inJection Column = radral pak A (C,,) with radral compressron 
separatmg system, solvents = 15 % HrPO, (pump A) and 20 % 
HOAc, 25 % MeCN m 15 % HrPO, (pump B), elutron program 
= 25-75 % B (linear gradient) m 40 mm, flow rate = 2 ml/mm, 
detection = adsorption at 546 nm 1 = cyamdm 3-glucoslde, 2 
= pelargomdm 3-glucoslde, 3 = cyamdm 3-malonylglucoslde, 4 
= pelargomdm 3-malonylglucoslde Bottom Purl&d antho- 
cyanm standards made up in 1% HCI-MeOH 1 hr pnor to 
inJection 5 = conversion product from 3 cyamdm 3-malonyl- 
glucoslde methyl ester, 6 = conversion product from 4 pel- 

argomdm 3-malonylglucoslde methyl ester 

yellow cultrvars Ceres-2000 and S-133 were the only 
compansons with one srgmficant flavonord chemical 
marker. The amount of kaempferol 3malonylglucosrde 
was stgmficantly greater m S-39 than S-4 and quercetm 4’- 
glucosrde was detected m Ceres-2000 and not m S-133 

Phystologrcal and morphologrcal attrrbutes have been 
the prunary cntena for ddferentratmg cultrvars These 
charactenstrcs alone have not proven satrsfactory, par- 
trcularly when descnbmg new cultrvars protected by plant 
patent laws Flower color 1s one of these rmportant 
charactenstics, but many flower colors cannot be de- 
scribed adequately or satisfactory related to color charts 
Natural compounds usually responsrble for flower colors 
are tlavonords [16] but little or no use has been made of 
these chemrcal markers to atd m posrttve cultrvar rdentrfi- 
catron Petal flavonords are important because then 
composmon can be quite different for flowers wtth very 

Table 1 Chromatographlc data for llavonoids acylated with 
malomc acid, and their deacylated forms, from gerbera flower 

petals’ 

Flavonolds 
R, ( x 100) in solvent 

15% HOAc Hz0 BAW PhOH 

Aplgenm 
7-malonylglucoside 25 47 69 67 
‘I-glucoslde 17 3 67 95 

Kaempferol 
3malonylglucoside 56 82 85 44 
3-glucoslde 46 13 82 69 

Quercetm 
3-malonylglucoslde 45 87 73 30 
3-glucoslde 32 9 70 49 

Pelargomdm 
3-malonylglucoslde 47 - 63 - 
3-glucoslde 42 - 44 - 

Cyamdm 
3-malonylglucoside 41 - 44 - 
3-giucoslde 35 - 28 - 

*Cellulose plates (250-m layer), BAW = n-BuOH- 
HOAc-Hz0 (6 1 2), PhOH = phenol-H20 (73 27, w/v) 

Fig 2 HPLC resolution of naturally occumng flavonold coplg- 
ments in petals from gerbera flowers Column = radial pak A 
(C,,) with radial compressron separatmg system, solvents = 1% 
tnethylamme buffered to pH 3 wth HsPO., (pump A) and 
tetrahydrofuran (pump B), elutlon program = 22-50x B 
(Waters gradient #9) in 20 mm, flow rate = 2 0 ml/mm, detec- 
tion absorbance at 34Onm, 1 = luteolm 7-glucoade, 2 
= quercetm 3-glucoslde, 3 = quercetm 3malonylglucoslde, 4 
= aplgenm 7-ghxoslde + kaempferol 3-glucoslde, 5 = aplgemn 
4’-glucoslde, 6 = lute&n Y-glucoslde, 7 = kaempferol 3- 
malonylglucoslde, 8 = aplgenm ‘I-malonylglucoslde, 9 

= kaempferol 4’-glucoslde + quercetm 4’-glucoslde 

smrrlar phenotyprc color expression This has been dem- 
onstrated with pomsettra bracts [3, 43, geramum florets 
[5] and now gerbera petals Although changes m envrron- 
ment can influence the btosynthesrs of tlavonords, any 
particular flavonotd constrtuent can be relied on to be 
present m more or less constant amounts when tissue for 
analysts 1s unrformly sampled from plants grown under 
the same environment The HPLC resolution and quantr- 
tatron of fiavonord chemrcal markers, as an adjunct to the 
classical subjective methods presently used, offers an 
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excellent obJective method to aid in the positive identlfi- 
cation of cultlvars as well as available germplasm 

EXPERIMENTAL 

Hont materlal fires-2000 cultlvars were supphed by Ceres 
2oo0, Inc, Wmter Haven, Florida, and all other cultwars by 
Hartman’s, Palmdale, Flonda The plants were grown under 
standard greenhouse cultural practa~s at Beltsvdle, Maryland 

ldentzficotlon ofpetaljauonolds Petals from each cultlvar were 
dned m a forced-an oven at 40”, and then ground to pass a 40- 
mesh screen Four anthocyamns were isolated but each was not 
present m all 18 cultwars exammed Pelargomdm 3-malonyl- 
glucoslde and pelargomdm 3-glucoslde were Isolated from the 
orange-red cultivars S-39 and S-92, and cyan&n 3-malonyl- 
glucoslde and cyamdm 3-@-de from the red-purple cultwars 
SC-201 and S-58 Carotenolds were first extracted wth petrol 
and then the anthccyamns were extracted wtth 15% HOAc- 
MeOH The extracts were reduced to almost dryness at 40”, 
under red pres, taken up m a mmlmum volume of MeOH, 
filtered, and then placed on a column of polyvmypyrrohdone 
(PVP) made with H,O Anthocyamns were eluted wth 10% 
HOAc-MeOH and then passed through a cellulose column with 
EtOAc-HCOOH-Hz0 (70 15 15) Final punlicatlon was by 
HPLC wtth 40% MeOH m 2 % HOAc for the pelargomdm 
glucosldes and 50% MeOH m 2% HOAc for the cyamdm 
glucosldes 

Flavonotd copigments were isolated from a yellow cultwar SC- 
202 because of the large supply of this tissue Carotenolds were 
first extracted wltb petrol and then the tlavonold coptgments 
were extracted with hot MeOH The extracts were reduced to 
almost dryness at 40”, under red pres , taken up m 50 % MeOH, 
filtered and then placed on a PVP column made with Hz0 The 
llavonoid coplgments were banded mto 10 fractions by gradlent 
elutlon with H@-MeOH (O-100% MeOH) Any remammg 
compounds were finally eluted with 10% HOAc-MeOH 
Flavonolds m each band were resolved and identified by pro- 
cedures slmdar to those previously described [17] Quercetm 3- 
malonylglucoside, luteohn 4’-glucoslde and luteohn ‘I-glucoside, 
not detected m the yellow cultlvar SC-202, were isolated from 
red-purple cultwars S-58 and SC-201 The compounds m each 
band were resolved lsocratlcally by HPLC with 20-24 % MeCN 
m 2 ‘A HOAc or 46-50’~ MeOH m 2 ‘A HOAc Fmal punficatlon 
of the isolated compounds was through polyanude (SC-6) with 
10% HOAc-MeOH for those acylated with malomc acid and 
MeOH for all others Identticatlon was by R, with known 
standards, UV spectral analyses, and the products of controlled 
actd or base hydrolyses For comparable R, and UV absorption 
spectra refer to Harborne [18] and Mabry et al [19] Malomc 
acid was determmed by GC/MS by converting the free acid 
obtained from base hydrolysis with BFo-MeOH to the dlmethyl 
ester 

Flaoonord HPU: resolutzon and quantztatlon Each sample 
consrsted of 100 mg of dned petals free of carotenolds 
Anthocyanms were extracted by blendmg for 30 set m 50 ml 10 % 
HOAc-MeOH The tissue was then filtered and washed free of 
anthocyanms Flavonoid coplgments were extracted with 
MeOH Each extract was reduced to dryness at 40”, under red 
pres, and taken up m a soln wbch contamed the smallest 
percentage of the organic phase of the solvent used for HPLC 
analysts AU extracts were passed through a 0 5 q Mdbpore filter 
pnor to analysis A Waters Assoclates HPLC model ALC/GPC 
244 Hnth system controller, data module, and radial compresslon 
separation system (RCSS) was used Resolution was ac- 
comphshed with a Radial-Pak A cartridge (reverse phase perma- 
nently bonded cctadecylsdane, particle sue 10 pm) with a RCSS 

guard-pak C,, disposable precolumn insert 
Anthocyanms were resolved and quantltated by gradlent 

elutlon using a moddicatlon of the procedure of Strack et al [20] 
The followmg s1x parameters were used (1) pump A = 1 5% 
HsPO,, (2) pump B = 20% HOAc, 25 % MeCN, m 15 % 
H3P04, (3) linear gradient = 25-75 % B m 40 mm, (4) flow rate 
= 2 ml/mm ca 1500 psi, (5) detectlon = absorption at 546 nm, 
and (6) chart speed = 0 5 cm/mm The resolution from two 
solvent systems was reqmred to quantltate all 11 tlavonold 
copqnenrs Parameters for the first system were (1) pump A 
= 1% tnethylamme buffered to pH 3 unth HaPOd (TEAP), (2) 
pump B = tetrahydrofuran (THF), (3) gradient = 22-50x B 
(Waters #9) in 20 mm, (4) flow rate = 2 0 ml/mm ca 1200 psi, (5) 
dete&on = absorbance at 340 nm, (6) chart speed = 1 cm/mm 
Parameters for the second system were (1) pump A = TEAP, (2) 
pump B = MeCN, (3) gradlent = 20-35x B (Waters #8) m 
25 mm, (4) flow rate = 2 ml/mm ca 800~~1, (5) detection 
= absorbance at 340 nm, (6) chart speed = 0 5 cm/mm 
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