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Abstract—Flavonoids present 1n petals from Gerbera flowers were resolved and quantitated by high pressure hiquid
chromatography (HPLC) The anthocyanins isolated from 18 cultivars, ranging in color from orange through lavender,
were pelargonidin and cyamidin 3-malonylglucosides accompanied by smaller amounts of pelargonidin and cyamidin
3-glucosides Related flavonoid copigments were apigenin and luteohn 4'-glucosides and 7-glucosides, apigenin
7-malonylglucoside, kaempferol and quercetin 3-glucosides, 4'-glucosides and 3-malonylglucosides Both qualitative
and quantitative differences 1n these flavonoid chemical markers distinguished cultivars with very similar colors
Malonyl esters of anthocyanins are easily degraded by HCI and conventional extraction and purification procedures

were adjusted to preserve their natural state

INTRODUCTION

The importance of flavonoid chemical 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 origin of natural hybrids
[1, 2] and for cultvar identification [3-5] Although rich
m carotenoids, this study was mmtiated to identify
flavonoids 1n petals of gerbera flowers, to develop HPLC
procedures for their resolution and quantitation, and to
determine their usefulness for distinguishing cultivars
with very similar colors

RESULTS AND DISCUSSION

Glycosides of pelargomdin and cyamidin previously
were reported 1n petals of red Gerbera jamesont Bolus [6]
The major anthocyanins now identified from gerbera
flower petals, ranging 1n color from orange through
lavender, were pelargonidin and cyamdin 3-malonyl-
glucosides accompanied by smaller amounts of pelar-
gonidin and cyanidin 3-glucosides The HPLC resolution
of these four naturally occurring anthocyanins 1s shown
on the top of Fig 1

Anthocyanins whose sugars are acylated with malonic
acid, when extracted with MeOH-HCI, form methyl
esters that are easily deacylated and the general use of this
solvent may account for the few reported species in which
they occur [7] Therr natural occurrence may be greater
than previously thought The imtial conversion of pelar-
gomdin and cyamidin 3-malonylglucosides, 1 19
HCl-MeOH, to methy! esters 1s shown 1n the bottom of
Fig 1 Similar results have been reported Awobanin,
1solated from blue-colored petals of Commelina cummunis,
previously was 1dentified as delphinidin @ 3-p-
coumarylglucoside-5-glucoside [8, 9] Goto et al [10]
now report that this anthocyanin 1s delphimidin 3-p-

coumarylglucoside-5-malonylglucoside and 1t 15 con-
verted to awabanin and malonylawabanin methyl ester in
the presence of 19, HCI-MeOH The anthocyanin and
flavone present in the blue pigment from Centaurea
cyanus, previously were 1dentified as cyamdin 3,5-diglu-
coside [11-13] and apigenin 4'-glucoside-7-glucuronde
[14] Tamura et al [15] now report these compounds to
be cyanidin 3-succinylglucoside-5-glucoside and apigenin
4’-malonylglucoside-7-glucuromde They concluded that
the imual identification was due to the easily hydrolysed
succinic and malonic acid half esters in MeOH-HCI
Their 1dentification was based on decomposing the blue
pigment 1n TFA-HOAc-MeCN-H,0 (05 63 79 853)
at room temperature for 0 5 hr and subsequent resolution
by HPLC

Eleven flavonoid copigments were 1solated from
gerbera flower petals and they consisted of five flavones
and six flavonols One flavone and two flavonols were
acylated with malomic acid as were the major an-
thocyanins (Table 1) The HPLC resolution of these
chemical markers 1s shown 1n Fig 2 Not all compounds
were resolved with tetrahydrofuran (THF) (bands 4 and 9)
but the resolution obtamed from a second solvent system
(MeCN) provided the information necessary for the
quantitation of all 11 compounds

The flavonoid composition of gerbera flower petals,
from cultivars with very similar orange-red or yellow
colors 1s shown 1n Table 2 Luteolin 4'-glucoside, luteolin
7-glucoside and quercetin 3-malonylglucoside were 1s0-
lated from cultivars not included mn this survey Significant
differences between cultivars having very stmilar colors
were both qualitative and quantitative Even at the more
severe 1% significant level test, cultivars were dis-
tinguished from each other on the basis of the significant
difference of usually more than one flavonoid chemical
marker The orange-red cultivars S-39 and S-4, and the
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Fig 1 Top HPLC resolution of naturally occurring an-
thocyanins in petals from gerbera flowers Purified anthocyanin
standards were taken up in 109, HOAc~MeOH 1 hr prior to
injection Column = radial pak A (C, ) with radial compression
separating system, solvents = 1 5%, H,PO, (pump A) and 209,
HOAC, 259, MeCNn 1 5% H;PO, (pump B), elution program
= 25-75% B (hnear gradient) in 40 min, flow rate = 2 ml/min,
detection = adsorption at 546 nm 1 = cyamidin 3-glucoside, 2
= pelargomdin 3-glucoside, 3 = cyanidin 3-malonyigiucoside, 4
= pelargonidin 3-malonylglucoside Bottom Purified antho-
cyanin standards made up 1n 1% HCI-MeOH 1 hr prior to
mjection 5 = conversion product from 3 cyanidin 3-malonyl-
glucoside methyl ester, 6 = conversion product from 4 pel-
argonidin 3-malonylglucoside methyl ester

yellow cultivars Ceres-2000 and S-133 were the only
comparisons with one significant flavonoid chemcal
marker. The amount of kaempferol 3-malonylglucoside
was significantly greater in S-39 than S-4 and quercetin 4'-
glucoside was detected 1n Ceres-2000 and not 1n $-133
Physiological and morphological attributes have been
the pnimary cnitena for differentiating cultivars These
charactenstics alone have not proven satisfactory, par-
ticularly when describing new cultivars protected by plant
patent laws Flower color 1s one of these important
characteristics, but many flower colors cannot be de-
scnibed adequately or satisfactory related to color charts
Natural compounds usually responsible for flower colors
are flavonoids [16] but hittle or no use has been made of
these chemical markers to aid 1n positive cultivar identifi-
cation Petal flavonoids are important because their
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Table 1 Chromatographic data for flavonoids acylated with
malonic acid, and their deacylated forms, from gerbera flower
petals*

R, (% 100) 1n solvent

Flavonoids 159, HOAc H,O BAW PhOH
Apigenin

7-malonylglucoside 25 47 69 67

7-glucoside 17 3 67 95
Kaempferol

3-malonylglucoside 56 82 85 44

3-glucoside 46 13 82 69
Quercetin

3-malonylglucoside 45 87 73 30

3-glucoside 32 9 70 49
Pelargonidin

3-malonylglucoside 47 — 63 —

3-glucoside 42 — 44 —
Cyanidin

3-malonyiglucoside 41 — 4 —

3-glucoside 35 — 28 —

*Cellulose plates (250-um layer), BAW = n-BuOH-
HOAc-H,0 (6 1 2), PhOH = phenol-H,0 (73 27, w/v)
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Fig 2 HPLCresolution of naturally occurring flavonoid copig-
ments 1n petals from gerbera flowers Column = radial pak A
(C, ) with radial compression separating system, solvents = 1%/
triethylamine buffered to pH 3 with H,PO, (pump A) and
tetrahydrofuran (pump B), elution program = 22-50% B
(Waters gradient #9) i 20 mn, flow rate = 2 0 ml/mun, detec-
tion absorbance at 340nm, 1 =luteoln 7-glucoside, 2
= quercetin 3-glucoside, 3 = quercetin 3-malonylglucoside, 4
= apigenin 7-glucoside + kaempferol 3-glucoside, 5 = apigenin
4'-glucoside, 6 = luteolin 4'-glucoside, 7 = kaempferol 3-
malonylglucoside, 8 =apigenin  7-malonylglucoside, 9
= kaempferol 4'-glucoside + quercetin 4'-glucoside

similar phenotypic color expression This has been dem-
onstrated with poinsettia bracts [3, 4], geramum florets
[5] and now gerbera petals Although changes in environ-
ment can influence the biosynthesis of flavonoids, any
particular flavonoid constituent can be relied on to be
present 1n more or less constant amounts when tissue for
analysis 1s umformly sampled from plants grown under
the same environment The HPLC resolution and quanti-
tation of flavonoid chemical markers, as an adjunct to the
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excellent objective method to aid 1n the positive 1dentifi-
cation of cultivars as well as available germplasm

EXPERIMENTAL

Plant material Ceres-2000 culuvars were supphed by Ceres
2000, Inc, Winter Haven, Flonida, and all other cultivars by
Hartman’s, Palmdale, Flonda The plants were grown under
standard greenhouse cultural practices at Beltsville, Maryland

Identification of petal flavonouds Petals from each cultivar were
dried 1n a forced-air oven at 40°, and then ground to pass a 40-
mesh screen Four anthocyanins were 1solated but each was not
present n all 18 cultivars examined Pelargomdin 3-malonyl-
glucoside and pelargonmidin 3-glucoside were 1solated from the
orange-red cultivars $-39 and S-92, and cyamdin 3-malonyl-
glucoside and cyanidin 3-glucoside from the red-purple cultivars
SC-201 and S-58 Carotenoids were first extracted with petrol
and then the anthocyanins were extracted with 159, HOAc-
MeOH The extracts were reduced to almost dryness at 40°,
under red pres, taken up in a mimmum volume of MeOH,
filtered, and then placed on a column of polyvinypyrrohdone
(PVP) made with H,O Anthocyanins were eluted with 109,
HOAc-MeOH and then passed through a cellulose column with
EtOAc-HCOOH-H,0 (70 15 15) Final purification was by
HPLC with 409, MeOH n 29, HOAc for the pelargomdin
glucosides and 509, MeOH in 2%, HOAc for the cyamdn
glucosides

Flavonoid copigments were 1solated from a yellow cultivar SC-
202 because of the large supply of this tissue Carotenoids were
first extracted with petrol and then the flavonoid copigments
were extracted with hot MeOH The extracts were reduced to
almost dryness at 40°, under red pres, taken up n 509, MeOH,
filtered and then placed on a PVP column made with H,O The
flavonoid copigments were banded 1nto 10 fractions by gradient
elution with H,O-MeOH (0-100%, MeOH) Any remaining
compounds were finally eluted with 109 HOAc-MeOH
Flavonoids in each band were resolved and identified by pro-
cedures simmlar to those previously described [17] Quercetin 3-
malonylglucoside, luteohn 4'-glucoside and luteohin 7-glucoside,
not detected 1n the yellow cultivar SC-202, were 1solated from
red-purple cultivars S-58 and SC-201 The compounds 1n each
band were resolved 1socratically by HPLC with 20-24 9, MeCN
mn 2%, HOAc or 46-50 % MeOH 1n 2 %, HOAc Final purification
of the 1solated compounds was through polyamide (SC-6) with
109, HOAc-MeOH for those acylated with malonic acid and
MeOH for all others Identification was by R, with known
standards, UV spectral analyses, and the products of controlled
acid or base hydrolyses For comparable R, and UV absorption
spectra refer to Harborne [18] and Mabry et al [19] Malonic
acid was determined by GC/MS by converting the free acid
obtamned from base hydrolysis with BF ;-MeOH to the dimethyl
ester

Flavonoid HPLC resolution and quantitation Each sample
consisted of 100mg of dned petals free of carotenoids
Anthocyanins were extracted by blending for 30 secin 50 ml 109
HOAc-MeOH The tissue was then filtered and washed free of
anthocyanins Flavonoid copigments were extracted with
MeOH Each extract was reduced to dryness at 40°, under red
pres, and taken up in a soln which contained the smallest
percentage of the orgamc phase of the solvent used for HPLC
analysis All extracts were passed through a 0 5 yum Millipore filter
prior to analysis A Waters Associates HPLC model ALC/GPC
244 with system controller, data module, and radial compression
separation system (RCSS) was used Resolution was ac-
complished with a Radial-Pak A cartridge (reverse phase perma-
nently bonded octadecylsilane, particle size 10 um) with a RCSS
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guard-pak C,g disposable precolumn insert

Anthocyanins were resolved and quantitated by gradient
elution using a modification of the procedure of Strack et al [20]
The following six parameters were used (1) pump A=159%
H3PO,, (2) pump B =209 HOAc, 259% MeCN, m 159
H3PO,, (3) linear gradient = 25-75%, B 1n 40 min, (4) flow rate
= 2 ml/min ca 1500 ps1, (5) detection = absorption at 546 nm,
and (6) chart speed = 05cm/min The resolution from two
solvent systems was required to quantitate all 11 flavonoid
copigments Parameters for the first system were (1) pump A
= 1% triethylamine buffered to pH 3 with H;PO, (TEAP), (2)
pump B = tetrahydrofuran (THF), (3) gradient = 22-509%, B
(Waters #9) 1n 20 mun, (4) flow rate = 2 0 ml/min ca 1200 ps, (5)
detection = absorbance at 340 nm, (6) chart speed = 1 cm/min
Parameters for the second system were (1) pump A = TEAP, (2)
pump B = MeCN, (3) gradient = 20-35% B (Waters #8) in
25min, (4) flow rate = 2ml/min ca 800 psi, (5) detection
= absorbance at 340 nm, (6) chart speed = 0 5 cm/min
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