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Abstract

Anthocyanin pigments of purple sweet potato roots(fpomoeea batatas L.) were extracted with 0.5% TFA
(trifllucroacetic acid) in 95% EtQH, and further isolated apd purified by Amberlite XAD-7 and ODS column
chromatography, and final preparative HPLC. Among nine anthocyanins isolated, the structure of three major
anthocyanins were identified as 3~0-{6-O0-trans—caffeyl)-2-O0-(6-0O-trans-caffeylglucopyranosyl)}—-f-1)-
glucopyranosyl -5- O—{f-D-glucopyranosyl)-peonidin, 3- O-(6-0O-trans—caffeyl)-2-0-(6-0-trans-feruloyl-
glucopyranosyl)-#-D-glucopyranesyl-5- O-(A-D-glucopyranosyl)-peonidin, and 3-(Q-(6-0-trans-caffeyl)-
2-0-{6- O-p-hydroxyibenzoylglucopyranosyl)-f-D-glucopyranosyl-5-O-(B-D-glucopyranosyl)—peonidin,
by using UV-visible absorption spectra, 'H-NMR and FAB-MS analysis.
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INTRODUCTION

There is much attention in the development of food
colorants from natural sources to replace synthetic [ood
colorants. In particular, anthocyanins have considerable
potential in the food industry as sale and effective food
additives due to apparent harmlessness to human{1),

Compared to the syvnthetic colorants, anthocyanins
have been less extensively used because of their in-
stability towards a variety of chemical and physical {ac-
tors(2,3). However, since the novel polyacylated an-
thocyanins displayving marked stability were recently
lound in several plants(4-6), further studies on the pro-
duction of these stable anthocyanins by cell cultures,
and their application in [oods and beverages have been
performed(7-9).

Recently, anthocyanins have been recognized as bio-
logically active suhstances(10-12} and natural colorants.
Tsuda et al.(13,14) suggested that anthocyanins may
play an important role as dietary antioxidants for pre-
vention of oxidative damage caused by active oxygen
radicals in living systems. Anthocyanins together with
other flavoneids are also known to have an important
impact on inhibiting the lipid peroxidation of human
low-density lipoprotein{13).
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Many researches on the isolation and structural elu-
cidation of anthocyanins [ram sweet potatoes are avail-
able. The presence of several cyanidin and peonidin gly -
cosides, as well as several hydroxyhenzoyl and hydroxy -
cinnamoyl acvlated anthocyanins was reported in seve-
ral cultivars and tissues of sweet potatoes(16-20). These
anthocyanin pigments were found to be more stable than
other anthocyanins in a neutral or weakly acidic aqueous
solution(21,22). Especially, much nterest has recently
received on the acylated anthocyanins in sweet potato
as natural food colorants due to high stability and anti-
oxidative activity(23).

The purpose of this study was to isolate and charac-
terize anthocyanin pigments of newly hred purple sweet
potatoes by using several chromatographic, and "H-NMR
and FABMS techniques.

MATERIALS AND METHODS

Materials and reagents

The roots of purple sweet potatoes, Yamagawa Mu-
rasaki, {(Ipamoea batatas L.} came from Kushui in Japan.
These were grown on the farm of Mokpo Experiment
Station in Honam Agrcultural Experiment Station. Fresh
raots of sweet potatoes were harvested, washed and
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stored at incubator(HB-105S, Hanbaek, RH 8524, 13°C)
until used. Trifluoroacetic acid( TFA), CFCOOD, DIMSO~
ds, were obtained from Sigma Chem. Ce.(St. Louis, MO,
USA). Acetonitrile and other solvents for HPLC analysis
were supplied by Merck(Darmstadt, Germany). All labo-
ratory chemicals used in this study were of reagent grade.

Isolation and purification of anthocyanin pigments

The schematic procedure for isolation and purification
of anthocyanins from puple sweet potato roots 1s shown
in Fig. 1. The sliced purple sweet potato roots(100g) were
twice extracted with 1L of 0.5% TFA in 952 EtOH over-
night. filtered and then concentrated to a small volume
below 40°C in vacuo. The aqueous solution was extracted
with n-hexane to remove the lipid, and then applied on
the Amberlite XAD-7{Organo Co. Ltd., Tokyo, Japan)
column(Zomm % 500mm) with 100ml of 0,528 TFA so-
lution, and final anthocyanin was eluted with 1.5L of
0,196 TFA in MeQH-Hz0(70 © 30) solution. The pigment
fraction was evaporated under vacuum to dryness, and
100ml of 124 HCI in MeOH and 300m1 of ethylether were

Sweet potatc roots(100g)
Extracted with 0.5% TTA 1n 95% EtOH
for overmght
Filtered
Evaporated to dryness in vacuo

EtOH ext.(9.6g)
Solubilized in 0.5% TFA

Amberhte XAD-7 column chromatography
|

| \ |
O It MeOH-Hz0 0.1% TFA in MeOH-Hz0
0 (3070 (70:30) fr.(1.2g)
|
Precipitate of anthocyanin with
EtzC (408mg)
|

ODS column chromatography

HOAc/CHCN/H:O/TFA
(20.20:50.5:0.5) fr. (330mg)

Preparative HPLC

Anthocyvanin Pi(21mg), P2(65mg) and Pa(blmg)

'H-NMR & FAB-MS spectroscopy

Fig. 1. Schematic procedure for extraction, separation
and purification of three major anthocyanins from
purple sweet potato roots.

further added stepwise to the residue to precipitate the
anthocyanin pigments. The precipitates wete collected
by centrifugation(2,500rpm, 20min) and then dded in a
vacuum desiceator. These partially purified anthocyanins
were adsorbed on the ODS{(Sigma Chem. Co. 40~631)
open colurrm(20mm ¥ 3Mmm) and then fractionated into
4 fractions using following solvent systems, solvent
A (HOAc-CHzCN-H20=20 - 30 : 50} © solvent B(0.1%
TFA) (1:1,2:1,3:1 and 4 :1, v/v). The last fraction was
further purilied by preparative HPLC{(Delta Prep-4000,
Waters) usmg ODS-5 column{20mm X 250mm, Nomura
Chem. Ce. Ltd,, Seto, Japan) at 40°C with a flow rate
of Bml/min monitoring at 526nm. Solvent systems used
were as Tollows, a linear gradient elution for 40min from
40 to 8526 solvent B(1.5%6 HaPQy, 20% HOAe, 2595 CH:CN
in Ho0) In solvent A(1.5% HsPO. in Hz0). Three major
anthocyanin pigments, P1(21mg), P2(65mg), Ps{51mg)
were obtained.

Thin-layer chromatography(TLC) analyses

TLC of three purified anthocyanins from sweet potato
roots was carried out on cellulose plate(20 > 2cm, 0.2mm,
Merck, Darmstadt, Germany) by using following solvent
systems: BAW(n-BuOH-HOAe -H:0, 4 : 1 : 5), BuHC!
(n-BuOH-2M HCI, 1 : 1), AHW(HOAc-HCI-Ha0, 15

©3:82), and 1% HCI(HCI-Hz0, 3 : 97).

Instrumental analyses

(a) UV -visible spectrometry: UV-visible absorption
spectra of purilied anthocyanins were recorded on a spec-
{rophotometer(Spectronic Genesys, Milton Roy, U.S.A)
in 0.1% HC] in MeOH,

{h) '"H-NMR and FAB-MS spectrometry: 'H-NMR
{(B0OMHzZ) was measured an a Varian Unity Plus spec-
trometer(California, U.S.A.) in CF:COD-DMSO-ds(1 :
9) containing tetramethylsilane{ TMS) as an Internal stan-
dard, and the chemical shifts were given as § values. The
fast atom hombardment mass spectra(FAB-MS) was
recarded on a JEOL JMS-AX-505 WA(Japan Electron
and Optics Laboratory Co. Ltd,, Tokyo, Japan) with gly-
cerol as the mounting matnx.

RESULTS AND DISCUSSION

Isolation and purification of anthocyanins

The typical HPLC chromatogram of crude anthocyanin
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Fig. 2. HPLC chromatogram of crude anthocyanins ex—
tracted from purple sweet potato roots.
HPLC(Waters Delta Prep 4000) conditions: column,
ODS-5(20 % 250mm); flow rate, 10ml/min; detection
at 525nm; colurn Temp., 40°C. Solvent systems used
were as Tollows; a linear gracient elution for 40min
from 40 to 90% solvent B{1.5% HiPQy, 202 HOAg,
25% CHsCN in H:O) in solvenl A{(1.5% HaPOs in
HsO).

pigments [rom sweet potato roats extracted with 052
TFA in 95% ethanol is shown in Fig. 2. Three major
anthocyvanin pigments. Pr~Pa, which represented 10.7
~12.2%, 33.8~355%, and 245~-26.8% of the total peak
areq, respectively, and six minor pigments were observed.
Among these anthocyanin peaks, three major anthocy -
anins were isolated, purilied and identified, as descri-
bed in Materials and Methods.

Chromatographic and spectral data of three anthocy—
anins are shown in Table 1. The slrong intensities of UV
ahsorpticn at 330nm suggest that three anthocyanin pig-
ments are acylated by cinnamate derivatives such as

cafferc and ferulic acids. The ratio of Eacyl/Evismax of three
anthocyanins was higher than that of simple anthocyanin
glycosides, indicating that the presence of ene or two
acylated anthocyanins(19). In addition, the UV —visible
ahsorption maxima of three anthocyanins were shifted
towards lower wavelengths compared to that of cyani-
din anthocyanidin, and they did not display bathochromic
shilts at 529nm on the addition ol AlCls, indicating that
the presence of pecnidin nucleus in three anthocyanins.
Meanwhile, from ‘H-NMR spectra, benzene A ting of
three anthocyaning has substituted group at H-5 and
H-7 positicn, which was deduced from the 3 part of pro-
ton nucleus at 6.95~6.97(H-6), 7.06~7.08(H-8) and 891
~8 0A(H-4)ppm. Benzene B ring was identified as phenol
with one methoxy] group at H-3' position and one hy-
droxyl group at H-4' position, which was deduced from
the 3 part of proton nucleus at 7.04~-709(H-5"), 7.96-
7.00{H-2") and 8.30~8.36(1-6)ppm, and the 3H part at
3.90~3.93ppm representing ~OCHsz group. Other spec—
tral data and Rr values of three major pigments were
given in Table 1.

Meanwhile, the precise composition ol three major
anthocyanins was identified by FABMS and 'H-NMR
spectroscopy, as well as by analogy with previcus studies.

FABMS of P; gave its molecular ion peak{M'] at
1111m/z. Its "H-NMR spectrum, as measured in trifiu-
arcacetic—d;-DMSO-ds(1 : 9), showed the presence of a
peonidin nucleus, two caffeic acids, and three hexoses.
Three hexoses must be B-glucopyranoside forms based
an the vicinal coupling constants with J values(fiz 22
Jaa and Jis) of 7.0~ 10.0 Hz. By application ol the nega-
tive NOE difference spectroscopy{24,25), anomeric pro-
tons at 85.66, 5.13 and 4.76 were assigned as glucose
A, B and C, respectively. Two caffeic acids were de-
termined to be bonded to C-6 hydroxyl groups of glu-
cose A and C by the observation of low—Tield shifts
of both methylene protons(H-6a & H-6b) of glucose
A and C at 3429, 435 and 4.02, 4.09. Moreover, the

Table 1. R; values, spectral properties, and FAB-MS specira of three major anthocyanins isolaled from purple

sweet potato roots

_ R; values”{ x 100} Soectral dala” FAR-MS?
Anthocyanin ~
BAW BuHCl 1%HC AHW Amae(mm)  EyeEmnx(%6) AIChH (M1
P 30 15 15 63 529, 296, 330 08 0 1111
Py 40 18 16 74 529, 295, 330 95 0 1125
P 43 75 23 7 526, 285, 331 51 0 1069

YDeveloped in cellulose plate by descending method at 25°C using foilowing solvent systems; BAW(n-BaOH-HOAc-H:0.
4'1:5) BuHCln-BuOH-2M HCL 1:1); 1%HCHHCH-H0, 3:97) AHW(HOAc-HCI-H0, 15:3:82)
“IDetermined in 0.1% HCI-MeOH, and glycerol as a matrix, repectively
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Table 2. "H-NMR spectra data of three major anthocyanins iselated from purple sweel potato roots (in CFsCO:D--
DMS0-ds, 1 :9 at 25°C)

Anthocyanin
Proton
P P Ps
Peanidin
4 893 s 894 s 891 s
g 6.96 br s 697 br s 695 d (1.5}
8 706 d (1.7 7.08 4 (LD 7.08 br s
2 7.99 d (1.8) 797 d (1.8) 796 d (27
5' 7.06 d (89) 7.04 d (B.38) 709 d (9.3)
6’ 336 dd (1.8, 89 8.34 dd (1.8, 8.8) 8.30 dd (2.7, 9.3)
3'-0OMe 351 3.90 393
Caffeic acid (I)
2 6896 br s 6.97 d (1.8) 6.96 br s
5] 676 br s 6.78 d (9.0) 6,77 d (8.7
6 6,86 dd (1.8, 9.0) 6.34 dd (1.8, 9.0) 6.85 dd (1.8, 8.7)
He 612 d (15.3) 6.12 d (15.6) 6.11 d (16.2)
Hpg 732 d (153 7.31 d (1586) 731 d (16.2)
Calfeic acid (II) Ferulic acid (1) p-Hydroxybenzoic acid (I[)
2 687 hr s 6.55 br s
D 875 d 9.0 6.75 d (9.0) 3& 5'- 664 4 (84
6 878" dd (2.0, 9.0 6.77° dd (2.0, 9.0) 27& 6~ 749 4 (9.3
H. 550 d {15.5) (.05 d (15.3)
He 7.16 d (155) 7.21 d (15.3)
3-OMe 380
Glucose
Sophorose—glucose A
1 566 d (7.0 h62 d (7.0) 561 d (75)
pA 383 t (B1) 3585 t (B1) 396 t (86)
3 375t 18.3) 376t (89) 379 t (B9)
4 340 t (B8) 349 t (8.9 3504 t (B9
5 390" m 389" m 383 m
Ba 4729 dd (88, 11.0) 428 dd (B9, 11.0) 429 ad {88, 11.0}
6b 435 4 (11.0) 438 4 (1L.0Y 439 4 (1L
Sophorose~glhicose C
1 476 d (7.7 477 4 (7.0 476 4 (7.8)
2 3.18 t (B4) 319 t (8.5} 3.18 t (8.6)
3 395" m 329" m 397 m
4 342 t (9.5) 342 t (9.5) 3.42 t (9.6}
5 328" m 33 m 330" m
6a 402 dd (8.0, 11.4) 4,03 dd (80, 11.4 4.09 dd (8.0, 11.5)
6b 4,09 dd (11.4) 409 dd (11.4) 413 d {11.5)
5-Glucose B
1 513 d {7.7) 512 d {7.5) 515 4 (7.8)
2 357 t (84) 358 t (85) 357 t (85
3 342 1 {110 342 t (11.0) 345 t (11.1)
4 3.30 t {10.00 3.30 t {10.0) 331 ¢ (10.2)
5 350" m 350" m 350" m
6a 359" dad (78 117 3.59" dd (7.8, 11.7) 357" dd (78, 117
6b 382 d 117 382 d (1171 382 d (117

YAssigned by 'H-'H COSY
Coupling constants(/ in Hz) in parentheses

glvcosidie linkage of sophorose(glicose A and C) wasg
deduced from a low-field shift(3.96ppm) of glucose A
H-2, suggesting that C-1 of glucose C was bonded to
C-2 of glucose A. Anomeric protons of glucose A and

C were finally related to the two acylated methylene
protons{84.29 and 4.35) and (84.02 and 4.09), respectively,
by 'H-'H COSY spectrum({4), Other protons of P were
similar to those of acylated anthocyanin isolated from
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Pharbitis nil(?26). From the above data, P1 was deter—
mined to be 3-O-(6-O-trans—caffey)-2-0-(6-O-trans-
cafleylglucopyranosyl)-P-D-glucopyranosyl-5-0-(f
-D-glucopyranosyl)-peonidin. This anthocyanin pig—
ment was first isolated and identified from purple sweet
potato roots, although the pigment has already been
reported to be present in the stems of sweet potato{16).

The FABMS of P; gave its molecular ion peak [M']
at 1125m/z. Its 'H-NMR spectrum exhihited six protons
of & peonidin nucleus and three protons of a methoxyl
group assignable to ferulic acid. Three anomeric praotons
of glucose and the glycosidic linkage of sophotrose{glu-
cose A and C) were in full agreement with those of Py,
Additionally, the bonding site of caffeic and ferulic acids
to glucose A and C, as well as four olefinic protens of
two acids were almost consistent with that of Py, al-
though the acid bonded to each glucose was not es-
tablished firmly. Thus, Pz was identified as 3-0-(6-
O-trans—caffeyl)-2-0-(6-O-trans—Tferdoylglucopyra-
nosyl)-f-D-glucopyranosyl-5-O-(B-D-glucopyranosyl)
~peonidin,

The FABMS cof P; gave its malecular ion peak [M]
at 1069my/z. Tts "H-NMR spectrum exhibited the presence
of a peonidin, one mole of caffeic and p-hydroxyhenzoic
acids. Three anomeric protons of glucose and the gly -
cosidic linkage al sophorose(glucose A and C) were si-
milar to those of P) and Po. However, two olefinic pro-
tons at by 6.64(d, /=8.4Hz) and & 7.49(d, J=9.3Hz) assig-

Qe

HO Ol
CH
HO
OH OH
Ps, R=COCH=CH —@—OH R, =COCH=CH —@-DH
OH CCHs

Pa, B=COCH=CH —@m R, =COCH-CH —@OH
OH

P3. R=COCH=CH —@—GH Rg,iCO‘@‘ OH

Fig. 3. Chemical structures of three major anthocyanins
isolated from purple sweet potato roots.

nable to p-hydroxyhenzoic acid were specifically oh-
served., Although we did not confirm correctly where
the acid was bonded to the C-6 position of glucose A
and C, the p—hydroxvbenzoic acid could likely be bonded
to the C~6 position of glucose C due to low-lield shift
of C-6a and C-6b position of glucose C in comparison
with those of glucose C of P and P2, Thus, Ps was
identified as 3-O-{6-O-trans—caffeyl)-2-O-(6-0-p-
hydroxylbenzoylglucopyranosyl)-B-D-glucopyrano-
syl-5-0-(B-D~-glucopyranosyl}-peonidin, The assig-
nments of "H-NMR and chemical structures of three
anthocyanins are piven in Table 2 and Fig. 3.

Thus, the complete structural assignments of three
major diacylated anthocyanings from purple sweet potato
roots are reported here for the first time, although those
anthocyanins were already found in several cultivars
and tissues of sweet potato(16-20), Tt is very interesting
to note that the newly bred purple sweet potato con-
tained a fairly large amount of acylated peonidin glu—
cosides(in fresh periderms around 70~ 80% against total
anthocyanin contents). Therefore, future successful hio-
technological processes using cell cultures for the pro-
duction of these stable anthocyanins as potential source
ol natural food colorants is promising, Further isolation
and identification of minor anthocyanin pigments from
purple sweet potatoes are needed.

ACENOWLEDGEMENTS

This study was supported by a non—directed research
funding from the Food Industrial Technology Research
Center(97-15-03-02-A-3),

REFERENCES

1. Markakis, P. . Food colorants. In “Anthecyarins as food
colors” Markakis, P.{ed.), Academic Press, New York,
p.245(1982}

2. Strack, D. and Wray, V. : The anthocyanins. [n “The flo-
voneids” Harbarne, J. B.{ed.), Chapman & Hall, London,
0.1(1994)

3. Francis, F. ].: Food colorants : Anthocyanins{review).
Crit. Rev. Food Sci. Nutr., 28, 273(1989)

4, Kondo, T, Tamura, H, Yoshida, K. and Golo, T. @ Structure
of malonylshisonin, a genuine pigment in purple leaves
of Perilla ocimoides L. var. crispa Benth. Agric. Biol Chem,
53, T97(1989)

o, Terahara, N. and Suzula, H. * A diacylated anthocyamn
from Tibouching urvilieana flowers. J. Natural Products,
b6, 326(1993)



10.

11

13,

14.

15.

16.

Lan-Sook Lee, Eun—Ju Chang, Jong-Whan Rhim,

. Toki, K., Takeuchi, M., Saito, N. and Henda, T.: Two

malonylated anthocyanin glveosides in Ranunclus asiaticus.
Phytochem., 42, 1055(1996)

. Callebaut, A.. Hendricky, G., Voets. A, M and Matte, J. C. :

Anthocyanins in cell cultures of Ajuga repfans, Phytochem,
29, 2153(1990}

. Glabgen, W. E., Wray, V., Strack, D., Metzger, ]. W. and

Seitz, H, U. : Anthocyanins from cell suspensions cultures
of Daucus carota. Phytochem., 31, 1593(1992)

Megard, D. ' Application of anthocyamns in foods and
beverages. Paper presented at 2nd International Congress
& Symposium on Natural Celorants, Mexico(1997)
Gahar, E. * Possible hiological role ol some anthocyaning
in food. Bull Licison-groupe Polvphenols, 14, 130(1988)
Drenska, I, Bantutova, L and Ovcharov, R. : Anti-convul-
sant effect of anthocyanins and antioxidants. Farmatsiva
{Sgfia), 39, 33(1989)

. Meunier, M. T., Duroux, E. and Bastide, P. : Antioxidant

activity of procyanidel oligomers and anthocyanins with
regard to superoxide anion and lipid peroxidation. Plant
Med Phytother., 23, 267(1939)

Tsuda, T., Watanahe, M,, Ohshima, K., Norinobu, S,
Chei, 5. W., Kawakishi, 8. and Osawa, T. : Antioxidative
activity of the anthocyamn pigments cyanidin 3-O-f-D-
glucoside and cyanidin, . Agric Food Chern., 42. 2407
{1994}

Tsuda, T., Ohshima, K., Kawalkishi, 5. and Osawa, T. :

Inhibition ol lipid perexidation and radical scavenging el-
fect of anthacyanin pigmenis isclated from the seeds of
Phaseolus vulgaris L, © Intermational Conference on Food
Factors ! Chemistry and Cancer Prevention, Hamamatsa,
Japan(1935)

Frankel, E. N., Kanner, J., German, J. B, Parks, E. and
Kinsella, J. E. : Inhibition of oxidation of hurman low-density
lipoprotein by phenclic substances in red wine. Lancet,
341, 454(1993)

Imbert, M. P., Seaforth, C. E, and Williams, D. B. : An-

i7

15.

19

20.

2l

23.

25,

Byoung-Seob Ko and Sang-Won Chat

theeyamn pigments of the sweet potate(lpormoea bataias).
J Am. Hort. Sci., 88, 481(1966)

Tsukui, A, Knwano, K. and Mitamura, A. - Anthocyanin
pigment isolated from purple root of sweel potato. Kaise—
gaku Zasshi, 34, 153(1983)

Miyazald, T., Tsuzuki, W. and Suzuki, T. © Composition and
structure of anthocyanins mn the periderm and flesh of
sweet potatoes. L. Jpn. Soc. Hort, Sci., 60, 217(1991)

Zurin, S, Bassa, L. A, Gabriel, S. L. and Francis, F. J. :

Anthocyanin pigments of sweet potatoes—Ipormoea batatas.
J. Food Sei., 57, 755(1992)

Odake, K., Terahara, N., Saitc, N., Toki, K. and Honda, T :
Chemical structures of two anthocyaning from purple
sweet potata. Ipomoea batatas. Phytochem., 31, 2127(1992)
Bassa, [ A. and Francis, V. J. : Stability of anthocyanin
from sweet potatoes in a model heverage. J. Food Sci.,
52, 1753 (1987)

. Lee, L. 5., Rhim, J. W, Kimn, S. J. and Chung, B. C. : Study

on the stahility of anthocyanin pigment extracted from
purple sweet potato. Korearnn ] Food Sci. Technol., 28,
352(1996)

Chang, E. ], Choi, 5. W, Lee, L. 5. and Rhim, J. W. © An-
tioxidalive activity of diacylated anthocyanins from sweet
potatoes. Paper presented at 41th Korean Soc. Food Sci.
& Nutr,, Tasjeon, Korea(1997)

. Ly, T. 5, Saito, N, Yokoi, M., Shigihara, A, and Honda,

T. * An acylated peonidin glycoside in the violet—blue
flowers of Pharbitis nil. Phytochem., 30, 2387(1991)
Fondo, T., Kawai, T., Tammwra, H. and Goto, T. . Structure
determination of heavenly blue anthocyvanin, a complex
monomeric anthocyanin from the momming glory Ipomoen
tricolor, hy means of the negative NOE method. Tetrahedron
Letters, 28, 2273(1987)

. Ly, T, 5.. Saito, N., Yoknoi, M., Shigihara, A. and Honda.

T, Acylated peonidin glycosides in the violet-hlue cul-
tvars of Pharbitis nil. Phytochem., 31, 659(1992)

{Received April 17, 1997)



