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IWASHINA, Tsukasa”: Flavonoids and Their Distribution
in Plant Families Containing the Betalain Pigments (Review)

FLALOEEEYOTE, BE, E BRLCETNIFR~E FROBRRSRET V¥ T
=vTHb, TO—HKT, +7F ¥ aH (Order Caryophyllales), BicdurFH (Order Centro-
spermae) EMEEN 2 HICET 2HYD 5 5, + 7 ¥ 3K (Caryophyliaceae) &7 v v v F
(Molluginaceae) %< 98l 44bH, vIF5 (Aizoaceae), & 2F} (Amaranthaceae), VIV
4 54 *Fl (Basellaceae), ¥+ 7 vFl (Cactaceae), 7 % ¥#'F} (Chenopodiaceae), 7 1 7 4 T L
7% (Didiereaceae), # ¥ o4 /3%l (Nyctaginaceae), ¥ ¥ T+ U ¥} (Phytolaccaceae) 3 & T
Z~_Y b af} (Portulacaceae) WWEZFINIBRMNT Vb v T =V ERELE-7bDTHB T EIF
LA DOHIGNTEY, HTHCF v RVEETNE LA SREBOBREEF v RT Vb VT
= v (nitrogenous anthocyanin), HBOEFEE 7 5 X ¥ 7 = (flavocyanin) &FEA T
(Reznik 1955, &H 1973), D%, IhoD@ERIEFIENEN, N YT = (betacyanin) B L
U~Rg*4 v F v (betaxanthin) &, T2EERIRL TS LA v (betalain) EMEIEN S K9
121 572, THNBHITDWTIE, Mabry er al. (1962) 757 5~V 9 (Beta vulgaris) DRICEE N
ZHREEOBHE, &=V (betanin) DT 7Y IV THBF =YY (betanidin) DILFHEED
fRIAZRA, OB T Vb YT =vDLIE 27 ==XV EY Y T L (2-phenylbenzopyrrili-
um) EEAERELTVWAOTREL, 42 FNEY V2, 6-V AR VEE (4-methylpyridine-
2, 6-dicarboxylic acid) ZEAFHKEL, NS5 6-Ye FrF v, 3-YE Fag Y F—b2-7
R Vg (5, 6-dihydroxy-2, 3-dihydroindole-2-carboxylic acid) MFE& L7cbDTH 5 T &2 WE
L7z (Fig. Do

Z 0%, Ny vT=VEEEEOHNVE VRO 5-01d 5 VI3 6-ALiiEET B IO P,
HBEVRETNICERBPEET I REICE-T, LI FH v F VHIRS 6-VE R+ v
2,3-Vk FoA v =2 VvEVBBORDDIZ, 7o) v (proline), 7% I v (glutamine),
Vg 3 v (glutamic acid) BWEREDOT I /VBAEE LD THZ T EHHIAL 2 (PIA
iZ, Piattelli and Minale 1964, Piattelli ef al. 1964, 1965, Minale et al. 196675 &), LIk, 15V 7
O Piattelli 5 &, FTERF KA YD Strack 5D 7 V=7 &M, ThE TIKHSOEHDO NS LA
YERMBSBERITE SN TV S (Clement ef al. 1994),

Ny T = VEROESERERICOVWTOHANLTENTEY, SHETIC25TD DOPA
(5, 6-VFF ¥ 7 ==7 5=, 5, 6-dioxyphenylalanine) D 5 5D 1 3 FD NV € VERVEAL
FICBIB LT % 5 3 VB (betalamic acid) 24U, fid 1 3 F» 54Uy 7 v F—2¥ (cyclo-
dopa) EFEALTHERTEbDLEEZ LN THD (Strack er al. 1993, Clement et al. 1994), 7 =
= NVTS5=v-TVvE=71) 77—+t (phenylalanine-ammonialyase, PAL) IC&>T7 = =/VT 7=
Y SH Ut A B2 (cinnamic acid) & 343 F D<o =V-CoA (malonyl-CoA) & DFE& LT

AT ITECE AEN REEEYRE SRR gk e v & — PUREEEYIE.  Tsukuba Botanical Garden, National
Science Museum, Tsukuba 305-0005.



12 =

HO
HO N Ccoo™

+
HO O\ ]
OH |
HO Anthocyanidin “ooc '
(Pelargonidin) H N coo~
Betacyanin H
(Betanidin)

Fig. 1. Basic chemical structures of anthocyanin and betacyanin.

ERENET Vv v T=v b8R8/ 4 FOZNERKRELEL 3,

DXL, FERECLIENIESRBRICE S THFEINERI LA VET YR Y T VT
b2 bhrboT, INOMEBRBOREII EN—MNT, J11viE8ET2980FF
VIHMYIP SR INET, Ty by T=vRE - RBINTESLE, —F4, 2oty
PoRERNS VA VBRESINTVEL, FIZIE, ER S (1985) ©&F « T (1985) 3+ K5
YRHEYA3E259FE DL P REDOBRRD 0 L1, FR~FEROEBRIITRTRS LA
YRBRT, Ty T=viRE-skSBRENEL S,

FTFYaEUADRS RS LA vERBHEEE N —DOHE G E )  aDR=F VS 4 4
(Amanita muscaria) (Dopp and Musso 1973, 1974), 7 # ¥ < % /7 |& (Hygrocybe spp.) (von
Ardenne et al. 1974), X 2 V) A& (Hygrophorus spp.) (Strack et al. 1993) » 5T, LZH T
7") ¥ (muscapurprin), & Z# 7 % Y ¥ (muscaaurin), & Z# )71 v (muscarubrin), 4 A #
7 7 EY (muscaflavin) X EEMZE NI, £DH, THOOBERZOT I/ BIEEOIBL RS
77 ) v (muscapurpuric acid, & ZH FIVT Y V), 4 K5 vEE (ibotenic acid, &R B T ¥
Dy D)BE, BRET7T I /VBTHRENTVWAI EMHBL, SZYIcSEnis s LAY
BRLEBEEGERMNCRIE -1 bDTHBEEZSNTVS (Dopp et al. 1982, Strack er al. 1993),

FTICOBRIE ST, NI LA VEESRT BHEIOHZ -7 v aHO 9HOEY» ST v b
VT =VvREsfKBREBENTE Y, LA, TUr YT v ERUAESERBRIcHKT 3 L2
ZoNBMOT7 5K/ 4 FidZh ooy oM@ R Esh 2,

FWX TR, "y LA vBEREAKT S+ 7Y IHOIFcB 3 hETicfiEshiz7 5
R/ 4 FOFERFELEZNODOAFHIc->VWT, ZRBIcE4 3,

YIVFEl (Aizoaceae)

Y FREE L OSBRI SEREICH L THEIEL, ZROELAELTVWS, ChETICET 7
U OBGEZHRILNT, 143[EFI2300f I 5 N TV B (Heywood 1978), LinL, 75K/ 4 K
BHESNTVE DR, EHOHBMRD, 14851 iz 3 4\ (Table 1),

FEIIR/AFET7 5K =T, 51BHS0ETED SN TV S, 3-O-glucoside, 3-0-
rhamnosylglucoside ® & 9 /& Kaempferol (Fig. 2-27) OEMEAXRNL L OB THRHE S (Reznik
1957), Quercetin (Fig. 2-48) DBCHEAIZ 3-O-glucoside 5 E DTN TH B, BHRIL 75K/ —
EL TR INWVZARY b (Sesuvium portulacastrum) DEEN S, 6-fIABHINIT7 5K/ —
VTH B eupalitin (Fig. 2-19) TDbD &, %D 3-O-glucoside H &£ ¥ 3-O-rutinoside L = h
TW3 (Khajuria ef al. 1982, Banerji and Chintalwar 1971)o
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Table 1. The reports of flavonoids in the family Aizoaceae

Species
Flavonoid classes
Flavonoids

Aptenia cordifolia (/>3 )/ )
Flavonol
Kaempferol glycoside (Iv) (Bate-Smith 1962, Burret et al. 1981, Richardson 1978), Quercetin glycoside awv)
(Bate-Smith 1962, Burret e al. 1981).
Bergeranthus multiceps
Flavonol
Kaempferol glycoside (Iv) (Richardson 1978).
Carruanthus ringens
Flavonol
Kaempferol glycoside (Iv) (Richardson 1978).
Conicosia communis
Flavonol
Kaempferol glycoside, Quercetin glycoside (Iv) (Richardson 1978).
Conophytum albescens
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fl) (Reznik 1957).
Conophytum augustum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-thamnosylglucoside (fl) (Reznik 1957).
Conophytum bifidum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fl) (Reznik 1957).
Conophytum citrinum
Flavonol
Kaempferol 3-O-glucoside (fI) (Reznik 1957).
Conophytum conradi
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fl) (Reznik 1957).
Conophytum corculum
Flavonol
Kaempferol 3-O-glucoside (f) (Reznik 1957).
Conophytum ectypum
Flavonol
Kaempferol 3-O-glucoside (fI) (Reznik 1957).
Conophytum elishae
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fl) (Reznik 1957).
Conophytum ernianum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fl) (Reznik 1957).
Conophytum exsertum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fl) (Reznik 1957).
Conophytum flavum
Flavonol
Kaempferol 3-O-thamnoside (fl) (Reznik 1957).
Conophytum globuliforme
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnoside (fl) (Reznik 1957).
Conophytum impolitum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (f) (Reznik 1957).

~(continued)—
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Table 1. ~(continued) -

Conophytum laetum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fI) (Reznik 1957).
Conophytum limbatum
Flavonol
Kaempferol 3-O-rhamnoside (fI) (Reznik 1957).
Conophytum luteolum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnoside (f) (Reznik 1957).
Conophytum luteum
Flavonol
Kaempferol 3-O-rhamnoside (fI) (Reznik 1957).
Conophytum marginatum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fI) (Reznik 1957).
Conophytum marnierianum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fI) (Reznik 1957).
Conophytum maximum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnoside (f1) (Reznik 1957).
Conophytum meyeri
Flavonol
Kaempferol 3-O-rhamnosylglucoside (f1) (Reznik 1957).
Conophytum minutum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnoside (fI) (Reznik 1957).
Conophytum nelianum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fI) (Reznik 1957).
Conophytum ornatum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnoside (fI) (Reznik 1957).
Conophytum pearsonii
Flavonol
Kaempferol 3-O-rhamnoside (fI) (Reznik 1957).
Conophytum piluliforme
Flavonol
Kaempferol 3-O-rhamnoside (fI) (Reznik 1957).
Conophytum plenum
Flavonol
Kaempferol 3-O-glucoside (f1) (Reznik 1957).
Conophytum praegratum
Flavonol
Kaempferol 3-O-glucoside (fl) (Reznik 1957).
Conophytum sellatum
Flavonol
Kaempferol 3-O-rhamnoside (fI) (Reznik 1957).
Conophytum simplum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fI) (Reznik 1957).
Conophytum subacutum
Flavonol
Kaempferol 3-O-glucoside, Kaempferol 3-O-rhamnosylglucoside (fI) (Reznik 1957).
Conophytum tayloriatum
Flavonol

~(continued) -























































































































































































