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The isuggce of colours in plants 1n bright contrast to

1

the pﬁerwheiming greegnness of the vegetative parts has chal-

lenged scientific research 1n various disciplines. The

flower is the most 1mportant organ in which the widest and

full range of ‘colour variatjons are rost obv{ousiy real-
¢ .

\Gzed. Although the colour‘range in most garden plants is -~

-~ f
already very extensive, plant breeders are still searching

"for,new and unusual colour forms, and a conscious selection

for subtle shades,utan&s and colour patterns has been a con-

‘ b

tinuing endeavour. ‘ F

Among the pigments responsdible for the varied and attractive

colours of flowers are 'the water-snluble flavonoids. The/$

coﬁp@unds are characterized by the presence of a C¢-C3-Cs

-

structure in which two benzéne rings are joined together by

a°3—&‘1ink, and the state of oxidation of the 3-C link dis- ..

] ‘-
finguishes the various classes of flavdnoids from one another. .

Al

- - .
There are several classes of flavonoids distributed in na- :

ture, But'only four are directly involved in plant colour- '.!

:

atidn." They are: flavonpes/flavonols, chalcones, aurones

Y, s ) . N
and, anthocyanins, all occurring commonly as glycgsides. -
- N

The flavones and flavonols, with the exception of a few with

N \

portion of "ivory, white or cream flowers which uld other-
. T
wise appear translucent. The yellow colour iy flowers is

o
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due mainly to fat-soluble carotenoid pigments, but the chal-
COhes,-and the aurones which may or may not accompany the -

carotenoids are also responsible. On the other hand, the N
t

flébonols with certain modifications of hydroxylation,
-

methylation and giycosylation patterns also contribute to
the yellow colouration. Finally, the anthocyanins are. the .
most widespread group, contributing to the red, scarlet,

A crimséon,; orange, pink, mauve, blue and purple colours of -

3
Y

¢ -flowers.. . .

“"

[

The contribution of flavonoids to flower colours has been

Ry J
N - . o * \
p revieweéd by many authors (Scott-Moncrieff; 1936; Blank,
"\'3 . ‘"
1947; Paech, 1955; Reznik, 1956; Harborne, 1965, 1967a).

. ’ s
LI
[

. From these reviews and innumerable investigationsin this
. ~

i
L

N fieldl it“has been found that the mé}oklty of bright cyanic

' -~ flower colours are produced by a surprisingly small number

of agthocyanidin pigments. These, either singly or in com-

» N - - L\ N « . .
L bination, are responsible for many colour variations. ' ‘The
3

structural modifications of anthocvanidins involving hy-

droxylation, methylation and glycosylation carr influence

; flower cblour from red to blue. Mixture of two or more -

P N Y
\

anthocyanins, "their propbrtion and concentration also ef-

1

fect flower colour-considerably. . ) +

.pH is known to effect the colour of anthocyanins which in « \\\
- . -

vitro is red in acid and blue in an alkaline medium. Karrer - -

o . {1928) observed a correlation of higher‘mineral salt con-

. [} - ! -
tent in blue flowers relative to red flowers. However, a «

A . v
* - .

. [ _ .\‘fv? :

. - . R ¥
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. vestigations on the structural modifications of the pig-

* j O s i 3 . - -.\ C -
The flower pigmentation of ‘Fegeniz idcriyiridz, a popular or-

\ ’

gerieral survey.of the cc1l sap pH of a wide variety of -~

plants by Hayashi and Tsaka (1946) has shown that it is

dlmost always acidic, i.e., about 4.2 to 5.5. Recent in=

r \

ments'as a function of pH have revealed that in the above-

.

mentioned range of pH, the pigrents within the cell should
gq virtually colourless. ‘Exp]anations thercfore have been

sought to understand the appearance -of a bIue celour in

3

a e
S

such situations,

Several pheﬁgmeha'such as the formétion of metal-complexes,
co-plmentafiom, adsorption;of p1gments to polysaccharides-
have been implicated in the biue colour forms. It has been
also equally challenging to Qndprstand why the biue colour

forms are totally absent 1n some flowers, such as the roses,

despite the presence of required-factors. ‘
. - o . . . )

- ; . N

.

a

ty '
pamental plant, is 1interesting, %ﬁ that the flowers appear
1n all shades of colour, except blue, pdrple, mauve, violet,

L™
or relatedjshades.

. 7/ -
In his work on the application of thin-layer chromatography

v

for the 1dent1fication of anthocyanidins, Nybom (1/964)

identified cyanidin in flowers of hegonia tulorhwbrida which®

<

were used as a test material among a number ©f other plants.

v "
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Harborne and Hall (1964), while surveyina the anthocyanins

of higher plants, have studied the various glycosidic pat-

terns in the flowers and leaves of' some 15 species and

. . . N . ' L "
cultivars_within the genus PRegonia, without: specifying the flower
' . . i . - .

colour of the varaieties selectg?. They found cyanidin and

pelargonidin 3-glycosides to be the main anthocyanins which

Y

occurred, 15 most cases along with some guercetin and

kaempfercl alycosides. 'The anthocyanin glycosides include - .

tyanidin 3—q1uéosxde'from Iomreana, pelagaonidin 3- - _

SOQhorasiae 1n T;.;C;npr:ﬁif, Lyénxdin~3—sophor051de 1n;( ’ |
“.- .. .5 v. rosea, cyanidin 3-sambubioside in &, :darced )

‘as well as E,ﬁnf-:: . Cér£a1n other speciles contain either o Ko

> <

of these two cyanidin biosaides or both,"along with two -

~ v -

s

. . © . -
newly §<¥H1tlfled cyanidin 3-triosides, namely cvanidain -~ v
: - A . .
. . : . e v ‘
o 3=xvlosylrutinoside and cyanidin 3-glucosylrutinoside. . K
The authors have hot reported the occurrence of,ény other - .

. . .
4 » « -

clvcosidic patterns i1n o2 ~'.4C':2 specires. . !
Y P ] . :
n' . )

u‘tﬁ the exception of tgé above reports, there is no other
yérk on the flo@er ﬁlqmeﬁts off.;(nz; plants,® The rénqe b

au; *ype of colour variatlsns in vaﬂnix'.?:rkxxﬁi: there- o J‘
f@re‘)ffqrs a4 challenge for determining the pigmént c;mpo;

sitior and the effect of modifying factors upon flower -

.
’
N vt kil YA 1N

-

colour. . o N : . -

"
.
- . " 3

v

The present research undertakes to investigate the variations

. ¢ . '
in flower colour in Eesznmic tuberhybrida. Seven varieties
. t e - * : [

. ) . ) . . §

”
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raﬁging from white, yellow, salmon; orange, oraﬁge—red and

[y

deep red were selected to study the following:

N

1. The contribution of anthocyanins to'flower colour; “ e

b

2.. The factors affecting the colour variations, with ‘par-
ticular attention given to® explain the absence of the
N )

blue colour forms, and the predomigqnce of the red and-
L]
reMated shades. . ’
R

N <
Several proposals can be put forth to explain these colour
variations, as follows: u 4// ' e
. » s
r o a

1. Vvariations in the anthocyanidins present in each colour
form..
2. vVariétiéns in the relatiwe proportions of the antho-

cyanidins present. .

i

3. Quantitative differences in the total anthocyanins

. among the cultivars. L.t -
e s, N

4+~ Variations in the glycosidic forms of single or mix-

turés of anthocyanidins. ' . 2

5. Effect of the. pH of the cell sap.
6. Absence of co-pigmentation and metal chelatioh: 4

7. Effect of metabolic produ;ts‘in/zhe cell sap that ‘are.
“most likely.to affect its pH. - '

' 2

.The aim of this study was to test the above pr‘posals and

determine. the actuél‘factors respon?ibie for colour vari-
y 7 . L . . “
ations among distinct colour forms of Begonia tuberhybrida

L] -

AG
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‘To achieve this aim, th Jfgﬁlowing research olan ﬁaé'fpfmulateéi

~

. . " .
PR o

N 1. Study of the nature of anthbcyénidins‘present and their

Y

relative-concentfation among the various colour forms.

a2, Preliminary‘studies on the crdde_pigments‘and chromato-
o : :

graphic survey of the anthogya@iﬁ\élycosides.

“3. Isolation and identification of the major anthocyanin
o . . N e

glycosides based on chromatographic and spectral studies,

= -

followed by: ‘ S

t (a) complete hydrolysis and identification of the

qaglycénes an?lsugar mofeties; Coa e e
'(b) selective hydrolysis to determine the position of

N ) L'\ ’
the sugar residues. - . : .

4. Dgtefmination of the cell sap pH. ¥
¢ 5. Study of the evidence for the presence (or ;gsence) of.
factérs influencing co—pigmentatioﬁ and metal chelation.
6. .Examlnatlon of various metabolic.co ponents ex1st1ng in ‘ oo

the free state within the cell sap, namely organic acids,

free sugars, phenolic acids and amino acids. —_—

The above investigation- was for the most part accomplished

“by chfomatpgraphic and spectrophotometric me thods.
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of anthocyanidins, who basic structure is the flavylium

o

REVIEW OF LITERATURE ‘ ¢

I. CHEMISTRY OF ANTHOCYANINS

The common an;hobyani xisting in’ nature are glycosides

Q

cation (Figdre 1). o y
{

I.1. The Anthocyanidins

e e

A%

The naturally occurrlng antho yanldlns and 3- deoxyantPo-“

cyanidins 1dent1f1ed up to the pxesent time g%e given in ) \

Table 1. o
- ; ’ AN

. !

~,

The visible‘colour of anthocyanidins varies with ﬁhgﬁhyzfoxy—

leflon or methylation of the benzene xlngs. Six are wi

spread in nature: pelargonldln, cyanldln, delphinidin,

malvidin, peonidin, and petunidin. Of these, ‘cyanidin ig
. ~ .

the most common. Examples of their contribution to flower

o "

ca

colour in ornamental plants dre.given in Table 2. .
. B . & - , . “,

In addition to the anthocyanidins listed in Table 1 are

-

those which are formed by acid treatment of leucoanthoeyan-

. ] 0 v
.idins (Mathew, 1969), proanthocyanidins or 3-hydroxyflavones, -

(Jurd, 1969), carexidin, the new 3-~deoxyanthocyanidin (Clif-.

ford and Harborme, 1969) and the twoinew‘Qiolet pigments in !

“ : v - /

3

' Sphagnun nemorewn (Nilsson, 1967). - : j. C E

Due to-~their insta?jﬁity, anthocyanidiné are not normally

found in nature in free state, except a few rare cases

W

A
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I_:‘ig-ui"e l.~ The flavylium gation.
/t ) -

- 1/

r

TABLE l.- Naturally '!occurring anthocyanidins and 3- deoxyan-'

: *
- thocyanidins.,

<

Substitution pattern (R) ~ vigible

S Pigment S .colour
: - 3° 5 £~ 7 s s .

Apigeninidin %,H OH HY  OH H 'H ' Yellow
Luteolanidin H' OH .H OH OH H Ordnge
Tricetinidin H OH" H \ OH ‘OH <OH - Orange-red
. Pelargonidin OH OH H OH H H heg ~
.. . Aurantinidin OH'. OH OH OF H H orange-red
_ Margicalssi”d.in OH ® OH alkenyl OH  H H Magehta
e o Cyanidin OH OH H OH OH H Magenta
Y " Peonidin Of O H_ -OH °bMe H Magen®a
° ‘Rosinidin - OH OH H » ., OMe OMe H Magenta
, Delphinidin ~ OH O H OH OH- OH  Purple’
. Petunidin OH OH  H OH. OMe OH Pérple .
‘Pulchelfidin OH OMe H OH(?)OH(?)OH  Purple
' Europinidin OH OMe H wOH(?)OMe “OH " plirple
Malvidin ' C;H OH o OH OMe OMe Purple -
Lo ' Hirsutidin" ' OH OH H OMe OMe OMe Purple
' ' Capensinidin’ . OH OMe H OH(?)OMe OMe  Purple -

\

L

o

2

- - * Adapted from Ti.'xhberlake and Bridl‘e,' 1975, p. 217.
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TRBLE 2.- Contribution of anthocyanidins in flower colours

)

- -

*
of ormamental plants.

Plant, colour forms and typical

¥

variety

Pigment (s) present

 SNAPDRAGON (Antirrhinum)

Magenta ‘ ‘ Ce

Org;mge-r‘e\d .

" Pink . IR
e Orénge-yeilow

SYEET PEA (Lathyrus odoratius)

;o Deep purple,"Jupite;;'

Pale mauve,"Elizabeth Taylor"
Deep crimson,"harraow"
CGarmine,"Carlotta"
Pink,"Mrs. 'R. Bolton"
Sqarlet',"Air‘ Warden"

HY ACNTH (Hyacinthus orient}ali;;)

| «Deep réd,"Scérlef O 'Hara"
Pink, "Pink Péffection"
Mauve, "mauve Queen"
Blue,"Delft Blue"
Pale blue,”"Spring )Ti'me" \

.

. ROSE (Rosa)

Mauve, " Reine de Violette"
. 'Crimson, "Rose Bougbon” .
Pif,“Roserai ae 1 'Haye"
sc

L.

e

- . a \ ' - A\

Malvidin (Mv)-'~

Pure cyanidin (Cy)
Cy.and yeilow aurone
Pure pelargonidin (Pg)
Pg and yellow aurone

¢ N
5

‘Mv

Pg L

Pe
Pg

Peonidin (Pe) + some (y

Pg+10% Cy_ - \
Pg.and Cy (6 : 4)

-Pure Cy

Delphinidin (Dp) + 10% Cy

. Pure Dp

Cy {(co-pigmented)
&
Pe and r (1 : 1)

rlet,"Will Scarlet" " ® Peand ¢ (2 £ 1)

* Adapted from Harborne (1967a)

9,
-

A
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- ‘ - . t f ' 1 4
recently reported: "malvidin in Lathyrus sativus L. (Pecket,

1960), cyanidin.in Hibiscus mutabilis (Lowry, 1971). .

~

I.2. The Anthocyanin Glycosides -

4 - T e

v

There.are 29 classes of anthocyanin glycosides known at the

‘present,. excluding the acylated anthocyanins. These com- . ;

S [N F)

ise the 21 classes listed by Harborne (1967a) and -some new

ofies re%ently compiled by Timberlake and ﬁridle {1975) .

b}‘ ’ +
In spite of the considerable variations, some common char-

R N
)

acteristics are noted:

(i) + ‘There 1is always a‘sugdftﬁubstifution at the, 3-position

which appears to be preferred, except in the case of

the 3-deoxyanthocyanins where the sugar is uspall? in v
jfx o . - A ‘r .
‘the 5-position. Seme duthors have recently reported o=

a 7-monoside pattern (Sun and Francis, 1967; Tanchev

-w

and Timberlake, 1969) and a 4'-monoside pattern (Hedin

\

et al , 1968). -' o B

D

(i) If a second position in the molecule is glycosylated,

. it is the 5 or 7 position.

(idi) Sﬁbstitution,on a B~ring hydroxfl is not recordéd,' o
except the.new 4'-monoside pattern mentioned agove.

‘e

~

(iv) The sugar moieties include simple'heioses and pentoseé
° ’ (monosides) and di- and trisaccharides (biosides and
. £ l‘d
- > . N )




‘triqsides), the latter being linear or branched. They
are always attached to the aglycone through the Ci. _°
position. D-gluccse, occurring either alone or as

pért of a disaccharide or trisaccaride, is the most

common sugar in glycosides. D-galactose and L-rhamnosge ol

are less frequent, and L-arabinose and D-xylose are )
. - - h .

rather rare, Of the 29 classes cited, the most fre-

guently encountered is the 3-glucoside and to a lesser
' - extent, the 3-rutinoside. /
W ﬂ'

J /

The occurrence in plants of atylated anthocyanihs has been

.
-

known for a long ;ime.‘ Generally speaking, a molecule of

the organic acid is esterified to the sugar hydroxyl and

Y

the phenolic hydroxyl group is not involved. Most of thp'
acylaéed a cyanirnsg descr%ped up to date (Hérborne,'1967a; o

" Timberlake and\Bridle, 1975) are_based on 3,5-diglucosides
< - : -

—y 1 - _;.
(except certain acylated 3-glucosides occurring in grapes)

where the acid molecule -- p-coumaric acid in most cases, -

%

caffeic or ferulic in a few others -- is always attached to

i

the sugar molecule in the 3-position.

II. .STRUCTURE AND PROPERTIES * o K::j“‘¢f:

The monomeric énthocyahins are based on“the flavilipm.éalt i

a

structure. They are usually presented as having their )

positive charge associated .with the heterocyclic ring. How-

o ' . : ¢
ever, it is currently recognized tQat the chaxge is de-

localjzed over the whele structure which is depicted,/ -

1y .~ - ’ v
.
“+
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t N . : Q
. . s >
: -

according‘to the, farmula of Bendz et al (1967) (Figure 2)-

LR

' N - . . 3 * \ .
but for the sake of convenience in discussing mechanisms,
: , - .
the more conventional formula as shown in Figure 1 -will.be

- lv‘

used. \

J;;gure 2

« “. .~ The flavylium cation
¢ ~ . . * ;Q&,' N

Among several chemical and physical properties related tp

4!% behaviour of anthocyanins inzﬁvot)the structural trans-

, formations induced hy pH variations and,the formation of

0

. . complexes with metals and co-pigments are.the reactions

"most commonly encountered in nature. They result in the

production of the full range of colour variations seen in
flowers. : ‘ . o
e :

I1I.1. Structural Modifications as a Function of pH

N . ot
. ‘The behaviour of anthocyanins as a function of pH varies

according to their.structure and depends especially on the-
- . " . 3 \ -~
‘T . ! s .

. -




P
nature of the subsfftpti;n at the carbon atom 3. . Tﬁe phe-
homenbn has been well inuestigafed and certain sigﬁificaﬁt
facts have been éséablishéd”ﬁu;ing the last decade (Jurd,

. 1963; JPrd.qnd Geissman,:?963; Harper,llQé?; Harper and

Chandler, 1967a, 1967b).

.. Basically, thé flavylium salts are cationic in acid solution

\(l), these forms beiﬁb responsible for the red colours of i

anthocyanins. With regard to anth&gyanidiﬁ, when the pH is
raised~$o near neutrality, more and more of the'pigment is
tr%nsformed to the colourless pseudobase form (2) which un-

dergoes ring openlng to form the correspondlng chalcone (3).

§
\




aerial oxidation. Reacidification dges npt yield the ori-

ginal anthocyanidin.y ) ’ - x

Jurd and Asen (1966) have studied the ﬁeha iour of cyanidin

ment. .
®

Within the pH range of 1:- 8} the -intensity of absorption

«

/ o .
of th% pigment markedly decreases as the pH is raised. . Be-

low pH 4, the rec oxonium salt of cyanidin 3-glucoside has

\

a ‘max of 510 nm. .In the pH range of 4 - 5, the solution

is virtually colourless, the 'pigment- belng almost:%mmedlately

.

and quantitatively converted through the: transient anhydro-

base form into a colourless carbino- or pseudobase Above
- S P : ,
pH 5, the purple anhydrobase becomes more stable and has a

Amax of 538 nm. It is most stable at pk\6 10. Between pH

.

,solution becomgs stable and deep blue. Above pH 12, the

molécule'yndergoes ring opening to convert to chalcone.

]

In nature, the pH range of 4 - 5 is the one most commonly

?

found in the cell sap of coloured plant orgahs. "It is un-
-~

_ 4
derstood that at this pH range, the anthocyanin is

o

6.1 to 7, partlal 1onlzatlon of anhydrobase takes place, the

(




. \ ‘, -
pH 4. Red oxonium salt of . PH 4 - 5. Carbinobase
. - cyanidin 3-glucoside (Amax 510 nm) ' or pseudobﬁie (colourless)
a 22
“\\ \
. -~

“o .p{"g"’ 5. Anhydro,ba\s'é/‘(;iurple) /

°Z | _* Amax 538°nm ‘ ' -

- ~ x [ -

pPH 6.10 - 7. Partial ionization of anhydrobase

Blue - Amax 538 - 550

- 2 -

. M - ' ~
. - . . ‘
.

' 8

. - “ ¢

L , s
\ . . - . N <
) » g
. [ N L . i
o ‘ . 14
A . . . . “

e s <R A b v - o ———
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" pseudobase, and by itself could not contribute signiYficantly

’
+

\
|
‘immediately converted into its colourless car 1nobase¢ or ) .

| Lo the coﬂéré%uon of flowers or fruits. It is 1n this con-.
| -t .

A : text that &%g;bﬁenomena of metal-gomplexing and co-pigmen-—

. 4 . . .
tation arise, to offer an explanation for the presence of - N

H

‘:z}tain forms of blueness which are not due to the
existence of natural single pigments, such as delphinidin.

@

I1.2. Effect of Co-pigmentation and Metal Chelation.

. . _ .
The étructuralfchanges that anthocyanins andergo to form
.. stable blue pigments have been considered to be :n vive
. 3 \ ‘ .
modifications produced by co-pigmentation, metal-complexing,

L .
or by'a combination of both factors. ‘ ‘ ‘ .

/)/' .. -

, I1.2.1. Co-pigmentation.

' \
The explanation of the biuing of anthocyanins as a result

of a colloidal bonding or "co-pigmentation" with flavones

~

and related compoqa?n was first offered b§ G.M., and’ R.

. N -
- .

Robinsqn in 1931. ' 'This has-led to a number of recent in- : ot
vestigagions in which various compéunds,wére added to pig- i
ment solutions at different pH, to study their effect (Jurd “

and.Asen, 1966; Asen et al, J1972) as well as other investi- :
- oo gations where pigments sufpected to be formeq by co-pigmen- s
tation yefe isolated and a iyied for their composition

(Pecket, 1960, 1962; Harborne, 1963% Asenet al, 1970, 1973,

1975; Yazaki, 1976). . -
. N . * !
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~

In the 3lght of the ahove studies, the factors known to

B

«i{Tect co-prgmentation of anthocyanihs can xé summar zed

»

4 v
as follows: C -~ -

Iy . 2 ”

\ - . ' .
\ . .
1. The pheh@menon is basically influenced by the internal

;%:nurohment of the:vacuole 'in which the pigments are

present. b .

2. Lgl§c051des ofithe $ix common anthocyanihs all form co-

3

pigment complexes with other flavonoids (flayones, fla-
vonols, etc.), as well as other phenolics (tannins,

phenolic .acids, etc.). The'phenomenon can occur with
- ! ‘ ) . ’ N
both the flavylium salt and the anhydrobase and is \
‘ , . ,
therefore independent’'cf pH..

' ” ad *

37 The formation of co-pigment¥—pfgment complexes produces
a bathochromic shift in the visible maxim4.of the an-

thocyanins, and also increases their .intensity.
. . : P

“

4. The deéree of co-pigmentation is a function of the con-

2 -

centration of the anthocyanins and the molar ratio of

P / . ‘\
the co-pigments to anthoc¢yanins. ' *
’ ' ¢
Based on the above characteristics, it is apparent that,
7 ~ |
under normal conditions found in the cell sap in nature,’

co-pigmentation could easily occur, making it’aiwidéspgead

phenomenon. responsible. for a large part of the blueness in
- e .
g

many flowers.

s1




@

11.2.2. Metal-complexing.

'
. ©

. , Yy

s : )
Comparecd to the co-pigmentation, metal-complexing i1s some-

what restrained: while co-pigmentation occurs with glyco-

[ ( ) i
sades of’all commen anthocyanidins, metal chelation takes

{
place only with anthocyanins, that have at least two adjarcent

free hydroxyl groups, on the second benzene ring "B" (Bayer

A '

,: 2., 1966), 1.e., the glycosides of é}ahidxnf delphinidin

~

and petunidin only.

-~

&

Starting with the isolation of the blue cornflower prgment .

x

termed "protocyanin", Bayer  (1958) analyzedland found 1t to

be a chelate complex of cyanidin 3,5-diglucoside (cvanin)
- -

with 1ron and alunimum, and that the complex had spectral

properties_ very similar to that,bf a synthetic anthocyanin- N

metal mixture. Since then, all kinds of metal complexes

Haye been reported to occur in the cornflowers: a pigmeﬁt .

a

g}

co p1%§ of cyanin, magnesium and iron identified by Hayashi

o,

g} aZH(1961); a complex of cyanin, iron, potassium and ﬁag—

nesium isclated by Saito et al (1961); a complex ofcfrpn,?

anthocyanin and three molecules of a "bisflavone” isolated

. from c&rnflower Sy Asen’ and Jurd (1967). Complexes in

other plants have also been reported:

a complex of aluminum,

iron and delphinifiin in the biue forms of Lupinus (Bayer, 1959)

and a complex of iron, a tannin-like substance and cyanin in

~

the blue spherules of the bluiné petals of red rosé reported

by Yasuda (1970).

. _' A . . b e T
Me fal complexes can occur along with co-pigmentation, buﬁ
. ) ‘ g

LE




-'\) . )

igh concentratioh it is likely

~

in

‘évp{eierentlally bound by the flavonol

et oal, 1966). On the other'h%nd ‘a pH‘range of 2 -6 and’

%

high concentration jf anthocyanlns are necessary gggii}iohs
. R - \

for metal complzx{ﬁ\\ESAESgur> 9Q<31j:: 1959 . mare gpg_

c1flcally; Jurd (1966f have shown™that the pﬁenom-

ﬂlyi;n the pH, but’also on the type of

Ase,

enon depends no

‘the organic acids\which contribute to the bufferiry system

of the cgll sap.' their in vitro studies, -the acetate

buffer presented a favourable medium for complex formation
AW . . -
to occur, whereas the citrate buffer did not allow such

complexes to form. Apparently, the citrate ions themselves

Y

prgferentially éomplex withsmetals and make them unavail-
able for reaction with pigments. : . o ?

'In resume, the requirements for bluing of anthocyéniﬁs by
metal chelation dre: (a) an anthocyanin which possesses an

oftho—dihydrbxyf‘system on its ‘B ring; (b) 'a chelatiﬁg

" metal; (c) hlgh pH; anﬁ (d) absence or low concentration

»

of other metal chelators, such as flavonols or citrate ions.

III. CONTRIBUTION TO' FLOWER COLOUR

LY

N

While the number of anthoéyanidiné in nature is very limited

~and the pH of the cell is such that many anthoéyanin—

containipd flowers would be virtually colourless, flowers

have been observed in a very wide range of colours, ranging

1
N

<9

A




from red to violet. On one hand, many flowers w%th sharp

differences 1in colour have been found to contain the same

<

anthocyarins (Pecket, 1960; Ashtakala and Forward, 1971).
On the other hand, the reverse phenomenoy is known where
flowers of similar colours contain diffexent anthocyanins

(Saito, 1967; Stewart et al, 1969). )

»

Several causes have been found to explain the variations in

flower colour in cyanic flowers:

- 1. The basic explanation is that the flower colour is the
o direct ;esult of the nature of the aglycone preseﬁt. In
general, when metal complexing and co-pigmentation are not

involved, the flowers take the colour of the existing agly-

\
-

cone: In the case of a mixture of anthocyanins, the flower

* » colour is determined by the colour of the anthocyanidin that

occurs in highest concentration.. When several anthocyanidins {
exist in approxi%ately\the same concentration, they can com- .

“a . bine to yield intermediate shades. Examples of all of the

W

| Toeo .
. above ca$es can be found in Table 2. ,//
| . N , RN

’ ; \
The correlation between the- nature of the aglycones and the : ;
cdlours they produce is as follows: -
i ' l
".. . - . . " N \ H.h
(i) , Hydroxylation of the B-ring is the predominant factor.

Generally sgeaking, flowers havihg a red-orange or orange

coloration can be~expec£ed to conégin»pelargonidin (1 OH),
- '\ A . .
those which are red have gyanidin (2 OH), and those which ' N

4



are purple or biue contain delphinidin (3 Of). Furthermore,
. ‘ S

——

——dthe total absence o6f an OH in position 3 cduses a shift to-

r wards yellow colour. :

(11) Methylatibn of the hydroxyl groups leads to a hypso-

chromic shift, resulting in a change in colour towards the . !
:4/ red: AS a matter oftféct, all the methyl substituted pig-

ments are found to have a magenta or pdrple colour. The

5 r \

shift is small in the case of subsﬁitution of hydroxyl groups
on the B-ring, proved by malvidin (imax 542 nm)‘which‘;s only

- slightly redder than delphinidin (Amax 546 nm), but it is
. ¥
important in the case of a hydroxyl in position 7 giving

hirsutidin (imax 536 nm).

2. Variations are related tlo nature and position of

the sugar residue or residues of the aglycones (the giyco—

sidic patterns): ’

h)

.

The spectral difference b&tween an aglycone and its glyco~ -

‘side is a hypsoéhromic shift of about 12 nm. However,

aglycones do not normally occur in the free state in petal
[ ]

'tissue, except a few rare cases as mentioned earlier. In

general, the colour differences between various giycosigﬁﬁ )

v

~ of a given anthocyanidin are not remarkable, ‘although the:

3,5-diglycosigdes are reported to have a bluer colour than

Ce

the 3~-glycosides. " Do

v

3. Variations are relatéd to the cqncentrétion of antho-

cyanins: ‘In this case, flowers displaying distinct cgloﬁ;; .o
\ | - ' |

a - (Y ' /
\ . -
o i
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J N
:

are found to contain the same anthocyanins, and,the colour’

N . varjations are determined by the concenfratiop of the pig?

ments. Ample evidence has been.produced to substantiate
this fact (Pecket, 1960; Ahuja et al, 1963; Ashtakala and

Forward, 1971; Ashtakala and Scﬁwartz, 1971) .
- . . Q ‘_” e )

s

N @

L‘QXIndiréctly contributing to, this effect is the level of'free
3 . .

. f @

sugars in the cell sap, since the anfhocyanin accumdlagion .
¢« 1in plants is gcnerally'stimulated by sugars (Thimdnnl and Ed-

3 . .
monson, 1949; Thimann ¢t @2, 1951; Faust, 1965).
' \/ T"" . R ' )
4. Adsorption of anthocyanins on polysaccarides, pectin

3

or pfq§ein compounds in the cell sap is known to cause a
" blue coloration 1in fﬂdﬁifs kBaYerk&LaZ, 1966; LJwry and

Chew, 1974).

;

“
‘
N )

5. Effect of co-pigmentation and metal-complexing:
u .

<

The effect of these two factors in the blue colvration of -
anthocya&ins has been previqusiy'diécus;ed. .Thé blueness

of flowers of Lathyrus hybrids (Pecket, 1962), "Prof:~Bl$auw"

ir%§ (Asen et al, 1970), Lﬁmwﬁﬁm cultivars (Asen et al, 1973),

Fuchsia hybrida (Yazaki., 1956) have been explained ob.the basis
of co-pigmentation. On tﬁe other hand, many blue metal com-

pléxes have' been isolatgd’and idenﬁifi@d,.some typicalﬁex—

amples of them have been‘previously cited (Hayashi et al,

19617 Saito et al, 19617 Asen and Jurd, 1967; Yasuda, 1970,

1973, 1974). ~ )

R e e e I N




6. Variations related to. the EH of the cell sap:?

\\ This could be the most-<Ifipbrtant factor which intervenes in

- - the manifestation of anthocyanin pigments «in flower colour.

N ¢

r.

3
v »itrr, it has been clearly known that anthocyanins easily
i1 . :
change their colour from red to blue with pﬁ changing from =
"acidic to alkaline. In vivo, the process is not as simple,

» -

’ and antgocyanins do not assume a blue coloration just because

_thejr‘environment ig alkaline. 1In fact, such a condition

“ " does not eiist in nature; as it has been shown that.the éeIi
sap of.é}l_plants is almost always %cidic (Hayashi and Isaka, '§3i

- -
]

\ 1946). . o ’ - ‘ -

The role.of pH in colour determination and colour changing
» i N . - . Ry
process in flower petals has keen.demonstrated by m%ny work-

ers. ' Asen et al *(1973), by measuring the pH of epidermal

peels of CStatice flowers in vivo, have found that “thé colours

- L4

were primarily influenced by the pH of the tissue. qudl-
. o . ]

; lillo (1965) and Yazaki (1976) have shown clear evideﬁce of

°

the thanging of colour in relation. to pH in aging Rm%éia.‘

-~ v | ‘

flowers.

N

In general, flowers take the colour JP the existing aglycones

~
L}

‘when thexéell sab is highly acidic, and under such conditions, =

]

-
s

the phenom%na of co—pigméntation and metal-complexing in
]
, particular do not occur. In the pH range of 4 to 5, antho-

cyanins are virtually colourless, and bé@&\tbe.phenomena of

e T -
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‘co-pigmentation and metal-complexing ége usually favoured;
resulting in a display of blue colours, provided that other
factors are ,available. <

i

Important as such, the pH itself is under the influence of

various metabolic products in the cell sap, notably the

. . v . . \ .
free organic acids, ffree amino.acids and amides (Thomas .

.

|

! . ~ et al, 19?3; Yazaki, 1976). These metabollc prodUCts there-
| . .

|

. .fore arelalso factors which play a 51gn1f1cant role in the - . {

i ~ - ) 5
contribution of anthocyariins to flower coloration. //
g . .
5

IV. METHODS FOR ISOLATION, PURIFICATION AND IDENTIFICATION

. _ > -~ N
OF ANTHOCYANINS E . g

o

' IV.1. Isolation and Purification. ' i
i . ] 4\& L

o

The an&hocyanlns are generally isolated from'plant materlal -

o ~ by organlc sclvents such as acetone, alcohol or methanol.
- . . - .
Since 'they are unstable in neutral ‘or in weakly alkaline

solution, the sclvent must be llghtly aC1d1f1ed to about pH

0.1 - 10 " with HCl. Strong acidification would cause hydro-

N

ly51s to occur, esﬁec1allv 1f the extractlon ;s carried out

PR

. at ﬁﬁe\\olllng point of the solvent.

- . .
<&

For purification, several methods based .on adsorption have

-

o \ .
been introduced. The most successful method first carried

out byIBate—Smith in 1948 and still occupying a dominant
position in the field of flavonoid analysis is the method '
" of separatior by paper chromatography Many extensive -re-'

v1ews have be)‘p wrlttgn on the subject. (Harborne, 1958,

v ) A



.{1962) and Harborne

= -

\

1967b; Egger, 1961; Seikel, 1964; Zwe1g and Whitaker, 1971).

ihe reasons “for the continuing appeal o§ this technique are

numerous: it .is”suitable for the separatioﬁ of complex mix-

tures of all types SE flavonoids and their glycosides; the
[N t

ease of obtaining accepthblé chromatographic separatioh and

spectroscopically pure compounds; its convenience for iso-

lating both small and relatively large amounts of flavonoids:;
; I . R

. and, finaliy,'the low cost' of equipment and materials.

\ - N
. ! . .
Paper chromatograplic analyses are commonly carried out on

Whatman No. 1, No. 3 or 3MM papers. Many solvent systems

cg

" hHave been' adopted, based on the mixtures of strong mineral

1 acid (HCl), weak acids (acetic aci@, formic acid), water,
L

and prganié‘solvents (butanél[ benzene, ethyl acetate, etc.)

"in different proportions.

Fo;_separation of flavonoids;on a lérge scale and- for pre-.
lininary purificat%dn, zg}umn chromatography is the best

alternative. Columns ©

i Y

magnesol, pclyamide, d€ilicic acid,
silica gel, cellulose and cation exchange resins have been

used. The technique ?ﬁs‘been discussed in detaél by Sé&kel
(

AN

959a, 1967b) . -
‘(/( . ‘ \
On the other.hand,‘th{p-layer chromatogr?phy (TLC) is re-
garded as a method particularly useful for analyzing flav-
ofioids '‘on a microscale. The technique h;s been used in

recent years for the identification of énthogyanins (Nybom,

1964; Asen, 1965; Mullick, 1969). A complete review of

N

+ t£he application of TLC for anthocyanin study has been pro-
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1

[N

vided b; Kirchner (1967) and Egger (1969).  The shorter
developing time, the bette£ regolutioﬁ, theimOre compact
spots and the greater sensitivXé; are the‘advantages of
this technique over the two\previously\cited. The materials

used for TLC are generally similar to those used in column
B . -

'chromatography (polyamide, silica éel, cellulosevresp.).

Finaily, among the less popular techniques for the separa-
tion and putrification of aﬁthocyaninsﬁare the methods of

gas liquid chromatography (GLC), paper electrophoresis, the
infra-red (IR), the puclear magnetic resonance (NMR), the

¢ .
sublimination and the high pressure liquid chromatography

(HPLC), a relatively new €echnique. ..

-

A

IV.2. Identification. -

N .
. .

. ' ) 1

The anthbcya?ins, once purified, are charécterizgd by their

5 - W

chromatographic and spectroscopic\behaviour, as well as by

©

" their hydrolyzed products. From the revieﬁ}by Harborne

(1967a), valuable criteria for iden ification purposes'cah

be summarized as follows: '
N .

(a).  Chromatographic Properties

“The mobility of anﬁhocyanihs and anthocyanidins in differ-

ent solvent systems, e essed as Rf value, is an important

characteristic. It is reldated to the nathe and number oﬁ\
- ’ \.
the hydroxyl and methoxyl groups, the sugar residues or
4 ‘ .
other substituents present in the molecule. The Re value

L)

N




of anthocyanidins in aqueous. solvent such as Forestal or

Formic acid decreases reqgularly with increasing hydroxy-
o)

lation, but increases with methylation. With glycosylation, ,
. . Q - ”
the lowering of Re value 1n organic solvents is reflected

Lo ) P ¢
by the successive increase-in the number of sugar residues,

but in aqueocus solvents, the Rf value increases. The above

si1tuation is reversed in the case-of acylated anthocyanins.
. ’6“. i
- The ‘nature of the aglycone moiety in the anthocyanins

~

modifies their R_ values slightly but in a very regular

f
) s .
fashion. For example: Re values of the 3-glucoside of the

o

six common anthocyanidins in BAW are: 44 (pelargonidin), 41°

(peonidin), 38 (cyanidin), 38 (malvidin), 35 (petunidin), and’
26 (delphinidin). Those of the aglycones 'alone are: 80

. ~
(pelargonidin), 71 (peonidin), 69 (cyanidin), 58 (malvidin),

52 (petunidin), and 42 (delphinidin) respecfive;y.

The colours ofranfhocyanidins and anthocvanins on paper chro~
ma£ograms in visible and'UV~light can also be employed for
1deﬁt1fication purpcses. ‘Under visible light, the aglycbnesﬂ
are distinguished by their natural colour. Under uv light,
anthqcyanidins fluoresce if the B;ring has a single p-~hydroxyl
group and the 5-hydroxylliis methyl;ted or glycosylated.

Thus, 3-giycoside anthocyanins show dull colouf under uv .

light whereas 3,5-diglycosides fluoresce brightly.

o . . 7 e~

-

1 . -

. ‘ ®

Anthocyanins and anthocyanidins exhibit two absorption maxi-

(b) Spectral Properties ) «

o'
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»

ma, one between”465 and 550 mn in the visible and another at

v

about ‘270 - 280 nm in the UV regions in methanol or ethanol

solvents. Acylated anthocyanins show a diagnostic peak bg-

?

‘twedn 310 - 335 ﬁ@ in the long UV regions. -

3 v

) Anthocyanins which have a catechol nucleus in their struc-
ture {(e.g., cyanidin, delphinidin and petunidin) all ex-
- * v 3

hibit a bathochromic shift of 25 - 35-nm in the presence

of aluminum 1ons at low pH. . : ..

) - . s . R L
An introduction of a sugar residue into the third position )

2

of anthocyanlélns has a regular hypsochromic effect on qu&;

- . >

exert any effect.

~— bl

| . tra while the nature of the sugar substjitution does not
‘ . . ' . .

!

|

p)

leferQX:eskln the relative intensities ofs the peaks in ‘the ?

o : UV (400 -~ 460 nm) and the visible regions. are specific for

each anthocvanin or anthocvanidin, serving as an import

A . . criterion for ideh%lfication purposes.

. L - .
‘
.

&

(c) Hydrolysis.

Upon total hydroly§is by treatment with HC1l, the anthocyanidin-
sugar linkages and Ehe.sugar—sugar linkages are broken, re-
/‘ . -leasing aglycones and single sugars. Those products can be

identified by the usual procedures of paper chromatography.

AN

o ; During contﬁolled or partial hydrolysis under appropriate o -2

conditions AAbe and Hayashi, 1956; Harborne, -1959b) the
sugar molecules are liberated one after-another in a par-
. . ’ ; »

ticular sequence before the appearance of the aglycone, with - |

. \ ~ / : s

L]
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° .

\ - '

‘the formation of i1ntermediate glycosides, the number and
= N ‘

- . nature of which allows one to 1dentify the original glyco-

. side. This approach 1s particularly useful in the eluci-- .
) /_\ ' - « + o "
dation of complex glycosides. , . \ -
0 'V
. ‘ 4
’ The location of the sugar attachments can be determined with

" hyardhn peroxiae '
hydrb6gsn peroxide oxidation (Chandler’and Harper, 1961) which

h q&selectively attacks the aglyconé-sugar linkage at the 3-'
‘position, yielding the:intact sugar residue attgched only
T ’ 4 *
. . ‘ _
/ ‘ o g

Alkaline hydrolysis is employed to obtain the acyl residuesl

¥ - -
-, at that position.

[

) - N R
* from acylated anthocyanins, and the products are identified

by chromatography. -

a




were kept i1n the greenhouse and exposed to,continubus light

Y

e

L

MATERIALS AND .METHODS

1.. ' FLOWERS

Begonia seeds ( Regonia tuberhytrrida) were purchased from W.H.

~~
N

Ll

~ Perron.Co. in Montreal:

The seeds Qeré\sown in ‘flats with

’

. /. - .
Plack soil and the young plants were later transferred into

individual pots when they were about 10 cm high. The plants

from tungsten lamps.

Fully-open flowers with diaeter ranging from 8 to 10 cm
were harVested and immediately processed. Seven varieties

were selected for this study, the flowers of each of which

£y

-

v

were uniformly coloured but together they repgéﬁentéd a wide .

Lrange.@f colour, froim white to red. The varieties chosen

Y

are as follows (Plate,l):

N

L4

*

e

-

-

Flower Colour Equivalent Colour in Ridgway's Colour Chart(lQl%f
. ) T &

ﬁed

3

Orange-red

. P1nk

.
]

Orangé\v

Salmon
Yellow

White

r

-

~

Carmine
Scarlet red

Spinel Pink

+

Bitter Sweet Orange

Orange Pink
Lemon Yellow

White _

N

* g
. .
IS

L
J"\
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Pl%t}?l.‘— C_blour_yarietieé of Begonia tuberhybrida‘used

- \ A ' - ‘ in this study.

.~

e ‘ . _Frem left to- right : Red, Orange-red, Piﬁk,
' . Orange, Salmoh, Yellow and White. T .
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_, 11.  SOLVENT.SYSTEMS FOR PAPER CHRQMATOGRAPHY

\

- ‘ Cn
For the sake of convenience

.used i1n this study are listgd in Tablg 1{ albnq with their .

L]
compositions, and will be referred to th>&uqhoﬁt by their

abbreviations, i1ndicated 1f\+the tabl# The source of chem-

jcals used in these solvent sy

3

tfs are as follows:
N I Vad v ' '
‘a) Hydrochldéric acad, acetic acid, formic acid, ammonIium

hydzox1de: J.T. Baker Chemical Co., Phill:ipsburg, New

Jersey, ‘U.S.A.

L

Y

(b) Benzene, n-butanol, pyrldlne,'n—propamol, phénolf : *

Fisher Scientific Co., Fairlawn, New Jersey,-U.S.A.° | )

1

vy ¢+ e e

II1.  STUDY.ON THE ANTHOCYANIN PIGMENTS

I11,1., Study of "Anthocyanidins and tJeir Relative. Concentration

Y

dins were 1solated, characterized and/ their relative concen-

(a) . Extraction and Prpparation of Anthocyanidins

. . : \ ) . - N <
»g of freésh flowe}~peta}:\5?';2bh colou?\yariety was extrac- . |
‘§ Hcl, . X

teéxln 1.5 ml of MeOH (Fisher Scientific Co.) - 0.1

3

filtered,. and'thé volume was made up to 2.0 ml with.-the same

/

' o s
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solvept. To this crude anthocyanin extract was added an

. égual volume of 2N HC1l and complete hydrolysis was accom-
~plished by heating the mixture in a boiling water bath at
", 100° C in subdued light for about 30 minwtes. The hydre- '

lyzate was cooled, filtered and the aglyéenes were extrac-

ted with 5.0 ml of iso-amyl alcohol. '

v

(b) Purification and Characterization by Paper Chroma-

tography and by Speatral Properties :

An aliguot of O.QS ml of each of the iso-amyl alcohol ex-
-tract (eq;iyalent to 0.05 g}fresh weight of petals).was
spotted on Whatman No. 1 chromatographic papers (22.5 x
27.5 cm) along with cyanidin isolated from red rose as a
standard marker. The papers were developed by descending.
'Eechnique in three so{vent systems: BAW, FWH and Fores-
tal. The Rf values and colour reactions were recbrded-
Each anthocyanidin spot was then eluted in MeOH - 0.1%
HC1, evaporatéd under vacuum to dryness and re-dissolved
in 5 ml of MeOH (spectral grade -- Fisher Scientific Co.)
| - Q.Ol% HC1. The'spedtral absorption of the pigments
were s;udied Qith‘a Unicam SP—SOO‘automatickrecordiﬂg -, . !
spectrophotometer, using the same solvent:iitthe blank.

The spectral shifts were produced by adding fiVe drops of

. 5% AlCl; (Fisher Scientific-Co.)-(w/v) to the cuvette. .

(c) Estimation of the Relative Concentration of Tqtal
. . Anthocyanidins . .

— ' rd
¢

: The optical density of the peak of maximum absorption in




3 &
&
the visible region was noted in order to compare the rela-
tive concentration of the anthocjanidins present in the

.various colour forms.

III.2. Spectral Studies of the Crude Pigments and Chromato-

graphic Survey of Antﬂocyanin Glycosides . -
. - S !
(a) Spectral Study of the Crude Pigments’

The crude pigments from variou; coLodr forms couid be con-
) sidered to approximate the;state of the pigment$s in vivo.

In order to determine the variations among the crude pig-
ments, 1.0 g of petal tissue of each colour variety was
extracted in'0.7 ml of MeOH - 0.1% HCl and filteredy The
volume was made up to 1.0 ml W?Lh the same solvent and

five drops, of the Extract (equivabent‘to 0.05 g wet weight
of flower) frdm the Red, Orange-Red and P;pknwas mixed in
10 ml MeOH (spectral grade) - 0.01% HCl.while '1Q drops Qf'
the extract (eguivalent to 0.1 g wet weight of flower) from
\'tﬁe o£her colour varieties were added to the same volume of

the same .solvent.

!

The samples were\SCanned in a Unicam.-SP-8Q00 automatic re-
v'cordlng spectrophotometer, using the same solvent as the
blank. The characteristi¢c bathochromic shlfts were deter-

mined by adding 5 drops of 5% Al1Cl; (w/v) to the cuvette.

—
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(b) Preliminary Survey-of Anthocyanins byg—®¥wo-Dimensional
: 7 T

~

B3

Chromatography

In order to éxamine the range of glycosides present, 0.5 ml
of the above extracts (equivalent - to 0.5 g,wetr weight of
petal tissue) was épotted on each Whatman No. 1 chromato-
graphicupaper and run in BAw by descending methoq in the

short directioq}of the paper. When the pape;s were comple-

tely dry. they were irrigated by the descending method with

ALY

AWH as the second solvent. The R_.. values and colour reac-

~

f

tions of-the pigment spots were examined in each of the sol-

- systems and recorded. The chromagograms thus prepared,

represented thg pigment piof}lé fq%f}éch colour variety.
- " |

L4

ITI.3. Isolation and Identificatiion of the Major Anthocyanin

e,

) i ’ Y = .
' Glycosides 0 ,
V ’ . 4
(a) Extraction and Purification of Major Anthocygnins ' oy

For Detailed Analysis

4 “
s

Q.

The pigment profile of the Red variety represented all the -

pigment spots which were found to occur in one ox another

i B

of the other colour forms.. The corresponding spots from A ﬁ

the chromatograms of various B. tuberkubrida were identi-

4

fied to be the same pigments on the basis of their Rf

values in the two solvent systems as well as their colour

P v

reactions. Thus, an analysis of the major® anthocyanins of
the Red variety ‘also served for the*igentification of the

major. pigments present in other \E?lour forms. For i : :
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"this purpose, two-dimensional chropatograms were run, using

a batch of 20 Whatman No. 3 cﬁromatographic‘pape£s in the
same manner as described above. 10 g of fresh petal tissue
wag used. In addition,.the séme(procedure was repeated
with 10 g of the Orange-Red flowers An order to provide

sufficient material to identify.the spot #3 which was pre-

' -

.sent as a weak spot in the Red form.

.

The spots were eluted several times with methanol. contain~
fgg 0.1% HCl, filtered, and concentrated under vacuum to

2.0 ml. The pigments were purified further by “streaking

on‘@hatman No. 3 chromatographic papers and aevelopea by
- Ny

¢ .

%

the descending méthodéin 1% HC1l. Each major band was cut,
eluted inGMeOH - 0.01% HC1l, filtered and evaporated to
dryness unde; vacuum. The residue whiéh was re-dissolved
in 2.0 ml MeOHi- 0.1% HCI (spectral g}ade) represented

the purified anthocyanins used for the following analyses,

" (b) Characterization of Purified Anthocyanins by Pape/r?¥ﬁ “

'Chromatoérqphy and by Spectral Properties

. o™

1. Paper Chromatbéagraphy k

et

" The purified anthocyanins as described above were run on

. . N N
one-dimensional chromatograms along with a mixture of

’
ky

éughentic markers of cyanidin‘B—sqmonxﬁde and pelargoni- -

din'3-sophoroside {(kindly provided by Dr. J.B.Wﬂéibornej

using three solvent systems: BAW, AWH and 1% HCL in , -

.
a

.
PPV P A




'2. 1Identification of the Sugar Moieties /} %

descending direction at 20°.C. The R

f

shortly‘affer the pépers were dry. Colour characgeristibs C
“ ¢ ‘v

values were measured

were also recorded.

. . - . ' ’\\-\’i
2. Spectral Properties . ,

a

A few drops of each purified anphocyanfh was mixed with, 10 ~

m} of MeOH\(spectrai-graﬁe) - 0.01% HCl and its absorption
R XY . . * * ~

in the visible and UV regions was recorded with a Unicam

SP-800 automatic recording sp€ctrophotometer.. Spectral
shifts in the presence of AlCl, Fere measured after adding

~

five drops of a solutien of the salt (5% w/v) to the cuvette.

(c) Characterization by Complete Hydrolysis

~, ~

1. - Identification of "the Aglycocnes

An allquot of 0 5 ml of each purifjed anthocyanin was hydro-

ly§ed with an equal volume of 2N HCl for 30 mipubes in.th

n

.same manner as described previously. The aglyconés were
exﬁracted in>isojémy1 alcohol and chroma‘tographed for Rf\
values in FWH,'éAW and Forestal solvent systems and sui)L

sequently ex?mined in the épec;rophotometer forjabsorpﬁion L]

properties as described previously.

The sugar moiet}es left in the colourless aqueous fraction

were identified by paper chromatoéréphy. ‘Priqr to appli-

cation on paper, the samples were treated repeatedly with

a 10% .solution of di-nfoctymethylami%é'in chloroform to




o

Ay

3

remove HCI1, in order to, prevent the formation of arabinose
by the action of mineral acid on the chromatographic paper.

. N [
The samples were spotted on Whatman No. 1 chromatographic
. ‘ )
papers alond with authentic solutions of glucose, gadactose,-

4 .

oarabinose, xylose, And rhamnose (Fisher Sciéntific Co.).

0

The chrdmatography was carried out in a‘descending direction

in BAw and BBPW solvent systems.— The spots were developed
byspraylngw1th aniline hydrégen phthalate reagent made up
by dissolving 9.2°'ml aniline (J.T. Baker Chemical Co.), 6

g phthalic acid (J.T. Baker Chemical Co.),'49b‘ml n-BuOH,

490 ml Et;0 (Fisher Scientific Co.) ahd 20 ml H,0, followed

by heating for. 5 minutes at 105° C. The R, values and

£

colour reactions of ghe various spots were recorded.

(d) Characterization by Selective Hydrolysis with Hydro-

gen Peroxide -
"4

1

’

The degradatioh of ﬁhé pigment extracts with hydrogen perox-

(% <

1de was done accordlhg to the method of Charidler and Harper

(1961) . .3

0.2 ml of each purlfled anthocyanln extract was mixed with

40 ml of hydrogen peroxide (30% -~ Fisher Sc1ent1flc Co.)

G
N ’

‘and'allowed to stand at room temperature for 4 hours. The

)

solution was treated with a few grains of palladium catalyst
L]

(Fisher Scientific Co.) to effect the decomp051tlon of ex-

cess peroxide. After 20 hours, 50 ml of NHQQH (0.88 N) was

- added.and the solutipon‘warmed for 5 minutes in bofling weter.'

k4

The resul#ing solution was used to identify the sugar moie-

S

"ties released, by paper chromatography.

J

o ek e e S
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. The solution was spofted on ‘Whatman -No. 1 chromatographic

papers and run for 24 hours along with standard glucose and
s Q” -
n - - o

standard rutinose in the BAW and BBPW solvent systems.. The

rutinose was isolated from rutin by hydrolysis with 10%

»

aceyié acid (Chandler and Harper, 1961) .  The sugars were

detected by spraying with -anhiline-~hydrogen phthalate rea-

gent, as described previously. The Re values and colour
i .

reactions were r&corded. )

- v

.IV. ° STUDY OF SOME~FACTORS MODIFYING THE COLOUR APPEARANCE
J

%

-

OF ANTHOCYANIN PIGMENTS IN FLOWERS -

+

Iv.1. Measurements of the p:Lof the Flower Cell Sap.

The flower cell sap was obtain directly by pressing the

flower petals in a mortar pestle. The juice was file

tered and transferred ¥nto a conical centrifuge tedgt tube.

The pH was determined directly on the ffeshly—pressed'juice;
. . é .

using a pH meter (Beckman, model 3500). The measurements

were made in triplicate from three differéﬁtlsets of Flow-

ers harvested and processed at three different times.

S

IV.2. Eiéminaﬁion for the Phenomena of Co-pigmentation and

;e Metal Chelation

»

In order to better undersfand the reaSons for the absence

of the blue colour forms, the factors considered to be the

. o N ' R N
most influential for the occurrence of ‘co-pigmentation and

metal chelation were exémined:< These included the pH of

the cell sap, its Buffering system and the materials to




e

which the anthocyanins could bhe bhonnd, namely the flavones -

nnd/orm flavonols (for co-pigmentation) and the metal 1ons
A Y y .

b

(for metal ¢helation).
| The pH of the cell sap was mcasured as dgscfibcd in IV(a).
) .

" A4 L N '
»The buffering system was studied during the examination of
the frcee organic acids in the cell sap. fhe flavonols were s
isolated and identified at the same time as the isolation
[} . ¢ . -
and characterization of Lotal anthocyanidinag as described -

‘

rarlier. The metal ions were detected by the method of
\

atomic absorption spectroscopy. Only onc colour form (thes«

Red) was usgd fgr thig gtudy. “

The method 1nvolved drylné a knéWn'WC1ght(§§‘fresh petals
\(20 g) in a drying oven overnight at 110?.5) followed by , _.
re-weighing and ashing in a mefle furnace fo}rvariable time ’
periods at temperatures ranging from 100° C té 500° C. Af-
ter cooling té rgbm temperathrg; the sample’wﬁs re—weiéhed.
A volime of 2 ml of HNO; {16N -- T.J. Baker Chcmical CO )
was added ahd the mixture warmed on a hot plate at about

80° C. . The extract was then evapérated slowly to dryness
and 2 ml 05/4€N HC1 added, and again wérmed for complete

M asolution,  The solution was then made up to 100 ml with

de-1on1zed water.

v

The analysis Fes—th

mctals was done on the flame atomic

'absorpt{pn spcctroﬁh tometer (Pye Unicam SP-1900) along

with appropriate s¥andards for cach of the metals under

examination.

\Apprcc1qt10n is expressed to Prof. J G. Dick, (Chemlstry Dept. )J/
for the AAS determlnatlons] ‘ ~—
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~ded and tne residue acidified with a few drops of 7% HSSO

tific Co.) drop by drop until the

X

‘IV.3. Examination of the Metabolic Products Affeeting Flower

Colour ' c : R

(a) » Examination of . free organic acids in the cell sap.

_Fresh petal tissue (10 g) of each colour variety was extrac-

ted repeatedly in boiling alcohol (95§f, the extracts com-

_ bined and concentrated down to 2.0 m1 in a flash evaporator.

An equ1valent of 0.3 g. Qf petal tissue was spotted on Wh%t—

man chromatographlc No. '} papers along wlth authentic solu-
b

tions of succinic, citric, oxalic, malic, lactic and tartaric

.acids (Fisher Scientific Co. ). The papers were developed

two~dimensionally in.n~PrOH - NH,OH and BFW, then dried and

. sprayed with 0.04% bromophenol blue (Fisher Scientific Co. )

LY

in 0.01.M NaOH. The Rf values and relative spot int

° &~ Al IS
of the organic acids detected were recorded.

4 »

In view of reports. that Begonia is_ particularly rich in free

oxalic acid (Thomas et al,1973), a further test was done to

detect oxalic acid.
- , '

3

To a solution of 2.0 ml of fresh petal juice of each colouyr
variety was added a’few drops of 7% CaCl, solution (Fisher
Scientific CO ) and centrlfuged The supernatant was decan-

ted .and 2. O ml of dstllled.H20 was dded ‘to the- re51due con-

tent, shaken and recentrifuged. The supernatant was discar-

4

"+ (T.J. Baker Chemical Com.). The solution was gently warmed -

‘and to this, was added é 3% solution of KMnO, (Fisher Scien-

Pviolet colour of the per-

-

P P vt

TR

-
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" valent of 0.5 g of petal tissue was spotted on Whatman chro-

N 34
Q. f . -
~ , v '
- manganate solution disappeared. A quick discharge of the

violet colour implied the presence of oxalic ‘acid in the

juice.

<, - ?

(b) Determination of free amino-acids in the cell sap.
N - * . . ‘ )‘ B {‘A
The alcohol extracts obtained fromthe ‘above. procedure. vere . » i

also used for the free amino acid determination. An equi-

Ve - .
matographic No. 1 papers along with standard markers of some
20 fréquently occurring..amine acids ( Eastman Kodak Co., .Ro-

. ' . _ ™,
chester, New York, U.S.A.): The chromatégraphy was carried

<

out two-dimensionally in BAW and PhOH ~- H,0. The papers were

a

dried and sprayed with 0.25% ninhydrin (Fisher Scientific Co.)

in acetone ¢ Anachemia |, Montreél, Canada), dried again and
Ve

" heated for 10 minutes at 105 C. The Ry values and colour
‘reactions of the spots were immedifitely recorded.

3

(c) Determination of free sugars in the cell sap

. AN ;
- . P4

“Fresh pétal;tissue‘(lc g) of each colour variety was gxtfac;

ted in 10 ml MeOH - 0.1% HCl. The extacts were cohcentrated

Atbupsodtt <

down to'2.0 ml in a flash evaporator. An equivalent of 0.5 g
¢

2 - .
of fresh petal tissue was spotted on Whatman' chromatographic

No. 1 papers along with authentic solutions of sugar markers. "

R I N Y TP

The papers were chromatographed in BAW, BEW and BBPW and - - _

;reated in thé same manner as described earlier.

D

(d) : Detérmination.of the free phenolic acids in the cell -

-

sap. -

i

{
Fresh petal tissue (10 g) of each colour variety was extracted

\

g
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several times in 80% ethahol , the extracts ' combined and -~

filtered. Fr@e phenolic acids were extracted in ether, con-
&

centrated down to 2.0 ml and ch‘r)ama.tograpﬁed two~dimen- °
sionally on silica gel TLC plates. "The solvents employed were :
¢

. - - .
E . -

J ‘ . ' HOAc - chloroform* 1 : 9 v/v (first direction)
A
. Ethyl acetate* - benzene 9 : 11 v/v (second direction}.
v . ) * '
The plates were sprayed with Folin reagent* and examined in
o2 _the presence of NH, vapor. : i ‘ ' .
. ' ’ s
' ‘
~ a : : .
T
. " 2 . - . '
) - » ¢! ’
: v - . ' T N
S~ - S
. ¢ “ a
w . . 4’ 3
; 4 ’ j b ‘ ‘ ’ Al Q ‘ '
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) low‘plgments to be quercetln and kaempferol.

‘bution of aglycones and their relativ

The obtained R

correspond’

RESULTS.

") e
U4 .
I STUDIES ON THE THOCYANIN PIGMENTS.
‘ - 7
~I,1. Identification ‘and relative concentrations of antho- .
cyanidins s - .
{a) "Identification by ‘paper chromatogrgpnx and spectral o
properties '
1. Paper chroﬁatography : :

~

The iso-qmyl'alcohol extract of all the éyanic cultivars

yielded two anthbcyanidin pigments (#2 and #4) - Table 4.

&n/adaition, two yellow pigments were seen from the ext;aét

of all the seven varieties (#1 and #3). Comparison with '

the standard markers as well as with Rf values and colour
. &
charac&erlstlcs of known aglycones suggested the anthocya—

nldln plgments to be cyanidin adﬁ pelargonldln, and the yel-

The dlstr.j(,l:- %

concentrations #mong

the various cultivars are presented in Table 5.
w L * ‘ ’ -
¢ values of the pigments |in FWH relate very

well with the li{erature values.

In BAW, all the’obtained

values are consistently higﬁer units, and hence

?ilS - 8
can be adjusted to cérrespond to\literature values. In "

123

Forestal, similar variations .are also noted. However in o

" both BAW and Forestal , the obtained valiues for Eyaﬁidin

exactly with authentic cyaﬁ'din marker isolated,

from red rose,
—

to be correct, subject tb\further confi

therefore.the identificatjon can be.assumed

hatd

-«

§

—~
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/s .

- yellow pigments. Thus the colour diffe}gntiation émong the

AN . .
‘cones, but due to other factors.

\ » o

@

characterization. The-reasons for the differences in ex-

perimental and literature Rf values. could be temperature,

saturation or otfher factors.

‘

It can be seen up to this point Eﬁaé‘qn basié»of aélycone
composition, two categories carr be recognized :the Red,
Orange-red,Pink,Orange and éalm;h varieties character;;ed

by both cyanidin and pelérgonid;n in addition.to qhercetin’ . ”
énd kaempferol, and the Yellow and White‘shbﬁazg total
absence 'of anthocyahiéinsxbut the presence ofugoth the -

o

cyanic cultivars is not on the basis of the pigment agly-

2. Spectral properties :

\ | o - .
Because of the low concentration of?khe vellow pigments pre-
¢ . iy .

sent in the various Begonia tuberhybrida, only the anthocy-

anidin pigments were subjected to the spectral studies. '

Figures 3 and 4 show the sQectra,of~pighents $2 and #4, with

o
-

thé main characteristics resumed in Table 6.

, .

All the data, in comparison to standard‘cyanidin and the

literature values, indicated that tpe pigment ™ #3 was cyanidin

o

- . e, .
‘and the pigment #4 was pelargonidin. These findings confirmed -

the previous identifications based on chromatographic properties.
. o . . = - ¢
~ N
- <~‘)

P

Lb) Relative concentration of anthocyanidins. ) -

a

The optical densities of the two anthocyanidins represeht

their relative concentrations in 1.0 g wet weight of petal -

S .
- »

~
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TAB£ENE§\5>§peétral characteristics of anthocyanidins of

Bfggonia tuberhybrida petal tissue.

[}

-

q

MeOH-HC  AlCl

Pigment "; Amax (nm) shifé E££229~w— identificétion
| {nm) E vis.max
N 2 535 . +20 20 Cyanidin
Yosa .~ 524 - 39 Pelargonidin
Authentic cyanis 535“ . 420 720 L
in , ‘ .
Literature values \ ) )
Cyanidin . 535 -+ '19
Peonidin - 532 - . 25
pelargonidin. | 524 - 39 -
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ratios of the two pigpeﬂzg‘are also included.
/ e

‘pigment present in the flower tissue. The cyanidin/;ontent

Salmon,Orange~red to Orange, the typical colour due to pelar-

_and Salmon varieties, the pelargonidin was about 14 times~and,

" centration of cyanidin. The same was true with orangeness

. P ) .
manifested by pelargonidin in flowers of orange golgur.

A

A
tissue of each colour form are presented in?Table 7. The
4
('l 7 J . .
Based on these dataj) wa&s seen that the colour variations
were correlated with the relative concentration of each
increased from Salmon through Orange, Pink, Qmmgeé%a to Red,
the typical colour due to cyanidin, while the pelargonidin
r/ . * .
content increased as the colour varied from Pink through Red,
\

gonidin. On the other hand,the effect of colour due to the

interaction between the two pigments occurring together in

each colour form was reflected by the ratios between them, and
‘ . .

showed that in the Red, Orange-red and Pink varieties, the

cyanidin was about 20 times(‘7 times ‘and 16 times more cons

centrated than peiargonidin respectively, while in the Orange

~

8 times stronger than cyanidin respectively.

The above observations helped to establish the fact that digé_ ’

tinct colour vagiations canexist with no qualitative diffe- . i
- {

rences in the major anthocyanidine present, but with significant

differences in the pigmenﬁ concentrations. Generally spea-

klng, the flowerq of red shade contalned a stronger concen— ":

4

traqlon of cyanidin, than pelargonldln, the decrease in vi-

sible redness appeared to be related to the decreasang con- -7

» .
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I.2. Spectral studies on the crude pigments, and cﬂromatogra—

phic survey of the anthocyanin glycosides

/s ‘ ' '
(a)® Spectral indications of the nature and state of the

crudeugquentsg

.. ' ;
The in vitro spéctray absorption of the crude extract of the
J . ) '
seven B. tuberhybrids varieties revealed' a good correla-
' N v

L4 - ~ 1] .
tion between spectral characteristics and the nature and con-

centrations of the major anthocyanins present (Figures #5 to

- #11 and Table 8). -

Generally speaking, the spectra of the cyanic varieties

showed the presence of those anthocyanins whose characteris-

tics corfélated.with the visible colours of the flowers and

1

the intensities of the pigfents seemed to gorféiate with the

. colour intensity of the flowers.” 'The peak of maximum absorp-

. . “ \
tion -of the Red, Orange-red and the Pink varieties at 522 nm

and 275 nm with a bathochromic shift upon addition of AlCl,
suggested that the major anthocyanins.inVolvedMEre41arge1y
cyanidin glygosides: \1n the case.éf the Oraﬁge and éalmon
varieties, the maximumkabsorption at 504 nm and 270 nm and
an absence of a reaction with AlCl, indicated the preaomi4‘
nant présence‘o§ pelargonidin-glycosides. Al the spectra

of the cyanic varieties revealéd a shoulder at 440 nm, in-

dicating a predominance of the 3-glycosid!é
b

nthocyanins.

5
R . . s . .
In the acyanic varieties (Yellow an Whi{#), the¥e was no

evidence of naturally occurring anthocyanins ,

v

Q=

oy —————ey s -
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'abseQFe of any peak in the visible regions.

The: presence -of flavonols was weakly represented by a shoul- -

der in all, with the exception of the Pink, where a clear

b2

¢ absorption peak at 350 nm was observed.

w7t

Finally, a shoulder bétwéen 300 - 325-nm was noteq iﬁ,all
. the spectra, except the Pink where absorptiea in this re-
gion was obscured by the 1nc%;ased absorptlontowards/550 nm
dpe to flavonols. This shouléfr indi%ated the'presedée of

.either free or esterified phenolic acids in the cell sap,or

acylated vigments, or all of them..

R AT Nk 8 L S BN e 0 14 R

(b) Chromatqgraphic'profiles of total anthocyan;gé

Two:dimensional chromatography.of the crude extractsof the
Nhite and Yellow flowers did not reveal any naturally occur-
ring anthocYaninsi Those’gf the Réd, Orange-red, Pink .
Orange and Salmon varieties are shown as_dtagrams in'Fi -
gures #12 - $16. Altogether, there were 13 pigment spots
seen, those marked with solid line are the major pigments
a‘\and those marked with broken line.are the minor ones. Table

9 presents a resume of the pigments, thelr Rf values, thelr .

dxstrlbutlcnland relative concentratlons in dlfferent varle-

o ties. . o

(Vs

When examlned under u.v. lxght, ‘spots #3 and #8 which showed
a visibld orange-red colour, dld not fluoresce,suggesting the
presence, of peyhrgonldln 3-glycoside plgmenps. Of the other
magenta éoloured'spots. $4, #5,’#7,'#12 fluoresced, while

A

“the. rest appeared dull, indicating the possible occurreﬂce.

1
v .
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of both cyénidin 3-glycosides and Cyanidin-3;5—glycosides.

: ~ — .
The pigments as desc&ébed above were however,probably not
all in pure state, since the separafion was done only in two

solvent systems. Further purification in a third solvent

system was therefore performed on the major pigments for the -

-ultimate identification, in the manner described in the

A

"Methods" Section .: .

~

I.3. Purification and Identification of the maijor anthocy~-

A

5\

anin glycosides.

A

(a) Isolation and Purification of major anthocyanin gly-
. 5 ) ) a
cos o <
Paper romatography of the major pigment spots'in 1% HC1
revealed that spots #3 and #11 were pure, but the spots #4,

#5, #6, #7, #12 were not; each was the mixture of two pig-

ments. Table 1b shows all the pigments obseryeé;'with £;;E;>\\—~’*\\

-

colour characteristics. The fluorescent pigmentskfeprésen-
ted probably the cyanidin 3,5~glycosides (pigments #4b, QSb,

. #7b, #12b), none of wHich togethét with ‘the non-fluorescent

v

pigment .#6b was subjected to further studies, because of
'their low concentrations, Complete.idéntificatioh of/the pu-

rified major anthocyanins were ‘based on :
ro > )
- spectral properties

R
PR

— . | [

- R, values in three solvent systems

f
- ﬁotal hydrolysis_with N ﬁc1, and

- sélec;ive hydrolysis with hydrogen péfo-
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(b) . Spectral and chromatographic characterization of
. . ‘ . . “ <,
purified ‘anthocyanins. ‘ : ©
. . p
1. $pébtral properties :

r

When studied under.spectrophotométer, the seven pigmedts fall

basically into two categories, ‘one represented by the abscrg—

tion spectrum showh in Figure #17 and the othér in Figure #18.

The first category ‘includes pigment #3 and the Second, pigment
#4a, #5a, #6a,  #7a, #11 and #1l2a.
Table 11° lists the absorption maxima of the pigmeﬁﬁf in vi-

sible and ultraviolet, regions and the other characteristics

ry

_which usually serve as important oxiteria for the identifi-

' and the abseﬁce of a spectral shift in the presence of AlCl

oy

“tion. ) ~

"The absorption maxima at 270 nm-and 506 nm O

indicated that the pigment was pelargon}éin gly;o§ide.

cation of aﬁtthYanin'glycosides by spectral characteriza-

L4

v

the pigment

3

]

e E440 E U.V. maX . .
The Evis max 23" Evis max Yatios being 40 and 62 -

respectively indicated that the Svhydroxyi group on the A-
+ 3

.ring‘was free. The lack of spectral absorption at 325 nnm

suggeéted aq‘absencé,of aéylafion.‘ All these characteristics
suggested that the anthocyénin in question was q'noﬁ—acylar
téd pelargonidin 3- glycoside. It is not possigle to:ée—
termine the népure of -the sug?r resi@ues by . - spectral ~
characteristics. | . ‘

o

.With respect of thé other pigments, i.e.' #4a, #5a,.4#6a, $7a,
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" Table 12 shows the R

77 .

. -~ . m ,
#11 and #l12a, the average absorption maximum wag at ﬁgimgmﬁﬂ

in the v151ble reglon and at. 275 nm in the U.V. reglon. A

o

'Shlft of 20 nm was produced in the presence of AlCl3 “The /

E440 and E U.V. max

E vis. max - Evis. max ratios were 25 and 38,

'respeotively, very close to the literature values of 24 and

\
N
60, characterlstlc -of cyanidin 3gﬁgyc051de.‘ No peak was.

seen 1in the 325 nm reglon, again 1nd1cat1ng the absence of
acylation; All the above evxdence polnted strongly to- all
/

those ‘pigments hyng cyanldln 3- glyc051qss. ' .

\

2.  Chromatographic propertles : \

A\

\ .

£ values of the individual antﬁocyanins

in three solvent systems BAW, lg HCl and AWHK It also llsts
their colour appearance under visible and U.V. \llght 'Simi=

lar data on the authentlc ‘markérs of pelargonldrn'3-sophoro-

2

side and cyanidin BJSophorbsidd are also included.‘\In com-
..(r

parison with the Re values of authentlc samples as well %ég
lltegature values, pigment #3 was 1dent1fled as pelar n1-
din 3750phoroside. Other plgments were tentatlvely iderrtified

as follows :. #4a as cyan1d1n 3 sophoroside, #5a as cyanidin 3-

sﬁmbubioside, t6a as cyaqldln 3-rutinoside, #11 as cyan\din




" Table 12 shows the R

77

B ‘ 5
#11 and #l12a, the average absorption maximum wag at ﬁgimgmﬂ"

in the visible regién and a61275 nm in the U.V. redion. A

'Shlft of 20 nm was produced in the presence of AlCl3 “The /

E440 i E U.V. max

average v and

E vis. max E yvis. max ratios were 25 and 38

'respeﬁtively, very close to the literature values of 24 and

\
N
60, characterlstlc of cyanidin 3gﬁgyc051de.‘ No peak was.

seen in the 325 nm reglon, again 1nd1cat1ng the absence of
acylat;on. All the above evzdence p01nted strongly to- al}

those plgments unng .¢yanidin 3- glyc051Qes. ' L

\

2.  Chromatographic propertles : N

\\ L]

£ values of the individual antﬁocyanins

in three solvent systems %BAW, 1% HC1 and'AWH\K It also lists

their cqloqr appearance under visible and U.VI\;ight. Simi=
, e . . ' '\\ '

lar data on the authentic markérs of pelargonidin 3-sophoro-

Il

side and cyanidin BJSophorbsidé are also included.\\In com~
..lr

parison with the Re values of authentlc samples as well %53

llterature values, pigment #3 was 1dent1fled as pelar ni-

din 3-sophoroside. Other pigments were tentatively idertified

as follows :. #4a as cYahidin‘}-sophoroside, #5a as cyanidin 3-
sambub1031de, t6a as cyanidiﬁ 3—rutinoside, #11 as cyan\din

3qgluc051de and #12a .as cyanidin 3c galact051de. Futher
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(c) ° - Characterization by Complete Hydrolysis ‘ -

1. Identification of the Aglycones

L . N » oo : :
The Rf values of the anthocyanidins ©f the purified pigments

in BAW, FWH and Forestal along with other chromatographic

data are shown in Table 13.

The experimental R .values of the samples in FWH and Eorestal

f
solvent systems were lower than the literature values, but

so\were the values of the standard cyanidin marker run
alongsiée. In BAW, all the experimental values: obtained were
slighly highér; The reasons fﬁr the differences fn experi-~
mental anaqlitérature values could be ‘temperature, humidity

and other factors. Based on these chromatographic data and
a .

 comparison with standard marker, 'the anthocyanidin’ of/;ig-

ment #3 was identified as pelargonidin and those of pigments:

- 4$4a, $#5a, #6a, #7a, #1! and #12a were identified_as cyanidin:
y . B

-
t

The identification was further confirmed by thé spectral

absorpEion‘of the aglycones, with the main chatacteristics

L

listed in,Table 13. . . . \

2. .Identificat{oh of the:Sugar Moieties

.

+

. s
M [

The identiii;:tibn of the sugar moieties were achieved byL

papef chroma graphy. Table 14 records the Rf values ,of

_the sugar residues and “their colour ;egétionsto aniline

-

hydrogen phthélate. The Rf‘values of the samples matched
. Yy

perfectly with those of the authentic sugars run along-

’

side. ‘ . I

&=

R PR

:
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Pigments #3, #4a and #11 released only glucose ; pigment

#12 gave'only galactose ; pigments #5a, #6a, #7a_released.
two sugars each, which were identifie¥ as glucose land xy- -

lose, glucose and rhamnose, and galactose and rhamnose

¢
»

respectively. : ' . .

(d) Position and Nature of the .Intact Sugar Residues

» . N

Table 15 lists the Ré values (mobilityvnelaﬁive glucose)
;in BAW and BBPW selvent systems of the intact éugér resi-

I s s
/dues released from the 3-position of the anthocyanidin

! molecule. . The sugars from various spdts were identified on

basis of their Ré values in both solvent systems and their

§ -

'
-3 . . x

colour reactions to aniline hydrogen phthalate.

All the sugars had values consistently either slightly higher
( as in BBPW ) ‘or.-lower ( as'in BAW ) than the reported values.

However, in each solvent system, rutinose, wherever it occur-

. 'red, correspond very closely with the standard rutinose run

aléngside. On basis of the abovecoé'parisonU spot 43 was iden-

tified as sophorose, #4a also as sophorose, #5a as sambubiose,

#6a as rutinose, $#7a as robinobiose, #ll—gk qupoSe'and #l2a

. 1Y .
“ as galactose. %hus, the identification of major anthocyanin®
: L . .

. : a4 . L . . . . '
pigments based on various criteria previously described is: as

cyanidin,

o

follows : pelargonidin 3—soph6roside (pigment -#3) ;
LY r

3f§6phoroside (pigment $4a) ; cyanidiQ 3-sambubioside (#55) ;

cyanidin 3-rutinoside (#6a).; cyanidin Bffobinoﬁio— )
. ' . . / e

Pl *
¢ .




84

1

(panuT3uoo) .

.
R N A e AR S 7 SR e gt L Y

" .

) ¥ i . LS s : vmocﬂu:uﬁhmoawxuum
A4 oy \\(meocﬂpnuwthozHOIUN
) 19 2+ \ esoaoydos
¥ 09 g9 asoTqnques
. . ¢ b9 oL : ssoTqoutqay
, i e - " osquTIM
00T s8oonTo .
, .mm¢am>.mu9umumquf
- o L L - ,
., umoag B 08 - ZL ssoutana "
umoxg 00T 00T - asoonTb paepuess
mmOMUAHmMM\\\ umoag <6 T * - . .nmww
2500079 i umoag - 00T 00T | _ T4
/ @S0TqOUTqoY ; umoig : L9 89 - o . eLd
asoutanyg - umozg 08 zL . . " eof
ssoTqnques . - ymMoIq-xutd - . 99 b9 . eGh
@soxoydos ’ umoxg mm 96 N S -1 £
asoaoydos umoag s9 9 . . ) £
) ) mumHMAvsm‘ﬁmmmuﬁmn 4 - T ¢
- UCTIEOTFTIUSPT ° o ’urTtue — - - o _ardueg -
o reaues R s p— ¥

.

mcakoaaow‘mwsvﬂmwu.ummsm 32e3u

L 7

-
&

- Tuly nwﬁz‘mﬂmmaouca:.m>HuomHmm '
: 1 ay3 jo sor3iedoid otydexborewoIyd

1

a

~+gT FTEYL

R




o
b

-

.
=g

s
a
PRSI T A I L T

-
o e
R LA W AR YIS

W]
’

Pl e watd

3 | 1 ' - ! - - . ‘e
- - - . . A ,

o
i

. (€L6T) SUIOQIBH WOIF USNEF wy ' -
| (xekey z2ddn g : g ¢ T : G OCH - ouTptiAd - SuszUSQ - HONG-U) MAGd °Z P

o

©© zekef zeddn g : T i p OCH - 'WOH - HORg-u) M{d <T : KoY IUSGATOS ¥’ - - -

. e - ) P » L
. ﬁwﬂ,ﬁvﬁuﬂﬁou -G .H M.-Hmdnﬂ . “,.
. ‘ o - - -
' ) ; - < ; T ' e )
- ﬂ 4 . .
- _l ~ - \ \




Ly

' side* (#7a) , 'cyanidin 3-glucoside (411) and cyanidin 3-

t

o

Based on’ thé intensities of the pigment spots as appeared on

‘in all forms was highly acidic, with the variations ranging

(a) . Presence bf Flavonolg. '

'
N

M

Y

|

|

_ . |
galactoside (#12a). i - . ‘ ' C . ‘
|

the two-dimensional chromatographic profilég of the cult%T

vars, a resume of occurrence and relative concentrations of

the major anthocyanln plgments as 1dent1f1ed above are pre-

e

sented in Table 16.

i

IT. .STUDIES OF FACTORS MODIFYING THE COLOUR APPEARANCE OF

£

ANTHOCYANIN PIGMEN;S IN ngonta tuberhybrida. «

»
I1.1 pH of the Flower Cell Sap ‘ <

The pH measurements of the flower cell sap of the seven va-

rieties are presented in Table 17. It-was seen that the pH

from 1.45 to 1.49 in the first two sets of measurements and
from 1.50 to 1.53 in the other which was made with flowers

harvested in a later season. One can thus state that the pH

was marked with an extreme acidity w1th no remarkable dlffe—

[

rences among the various cultivars.

; i ‘ N
IT.2 Occurrence of Flavonols and Chelating~Metals
v P 3 [

f

A

-

The presence of qﬁercetin aJZ kaempfercl as established in

~

the -earlier study on the occurrence of églyconég in the va-

~ B N -

" - _ .
reported in Epacridackae by Jarman and Crowden (1973) and

in Cornus canadensie by Wang and Francis (%?74).

[ . .
v . Y

r ‘ RN

n

."f
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' VTAQLEIZl.—‘E'ree bhenolic acid in the cell sap. '

2

e

. - R * b
Rf values (x100) in Colour

- . : Identifi-
Sample reactions cation
. T with** '
1 2 °
’ )
Aithentic -
phenolic acid: b .
p-coumaric . 00 = Blue . )
Caffeic 15 54 Blue :
Ferulic 78 Y20 _Blue
‘Van;lllc ~\\___,:3? . 75 . éBlue.qﬁgsﬁJ . -
il - ‘ "~ NHy fuming
Gallic 07 .45 Blue .
Sample spot .17 55 " Blue

Caffeic acid

* Solvent key 3

.

l;'Acetic.éci@j—;chldroform (1

ho o

'2. Ethyl acetate - benzene ( 9

** Folin reagent. o A ’

: 9)

'S
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c DISCUSSION e . . : 4 . ’ |

S The colour-vqriations in many garden cultivars aré ! re~ ' , l
i -lated to'anthocyaniﬁs which are responsible for most pink,
red, maﬁye and blue'colo;ré. However,~the number of colour
: . \
‘variations that are known cannot be attributed to the rela-

tively_few anthocyanidins that occur in_ nature. A ,great
deal of effort was'devoted in the past to fhe‘identification
of anthocyanins buf,vuntil recently; little was known re- ‘
ga}éing their existence in the natural state within cells.

The internal environmént of the cell greatly influences their’
S e i ]

Y

physical and chemical prqperties: The spgctral.studies of
the‘pigﬁénté in sftu carried ouf by S: Asen and his associateﬁ‘
du}dng the éast décadq have resolved so&e ofithe queétioné
‘furegarding not“only colour variations in flowégs but also the
weehanism invblved in the drastic colour changes observéd in’

-

some flowers during maturation and senescence.

The,anthocyanins and dtﬁer accompanying flavonoids are di?—
tributed mostly in the epidermal tissue of the flowe;s andk
in intensely coloured flowers, the pigments are also found
in thg sub-epidermal parenchyma tiésue~6f the petal. -The
cells in boihfthesé”tissués:héve\more_than 90%‘of.their vol-
ume occupied by a centrally-located vacuole, eQntaiﬁing6é
T~ variety of substances in addition to'flé§onoidgpigments.
P _ .

.7 cheﬁical composition of the vaéuqlar sap, varies from\k

one flower to another! from one cell to ‘another in {Qe same

’

[

s
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tissue of the flower and also iﬁ'differént stageL of devel-

opment. The dissolved-substances include several mineral

’
~

ions (potassium, sodium, magnesium and calcium) and anions ' .
. . N 4 N
{chlorides, sulphates and phosphates). C&rbohyq;ates Euch' N
. ' v - N
.as sugars and mucilages are present. Various nitro%enous

< LY
hY

'substances (amino acids, amides, proteins, peptides and -
alkaloids) are quite common constituents of the vacuole. .
~ Specific'substances such as betalaines are restricted to

. the Order Centrospepymaies and a few other un}elaged"famil—

»

ies. Various organic acids such as citric, malic, oxalic,

* succinic and tartaric are also found. 1In addition Eo.gke

5
»

flavonoid pigments .(anthocyanins, flavones,ﬂflavonols, xan-

gﬂ» thones), other phenolics dccur; namely bhenolic acids in *

the free or bound state as esters and glvcosides. Tannins R

also occur similarly. 'Crystalline constituents including
T - ) ) : ) -
. . A '
. . ; . )
tain amldé such as asparagine are also commaon components

s . "salts pf organic acids (cgicium oxalate), pigments and cer-

of the Qacuble (voeller, i964)t ' . _ ‘ -

»

. ' Thed - bidibgical significance of the vacuole is due to
» s g .

v

the presence of flower pigments in the vacuole, which con-

_§$jt6§e the main attractants for their insect pollinators.

s .+ _Storage of many subifances following: accumulation seems to

Al Al

be the major funbtidﬁ’of %hg—vapuple. In some cellé, the
- [} ' [

- . -

: 2 . . . . * T e -
amount of organic acids in the vacuole indicates the trans- - .- -
’ - ~

~ .pért of positively charged catiofis anb the negatively .

’ -
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v charged “anions. of organic-acids which are synthesized in
. [ .

the cytoplasm accompanying the cations into the vacuele in

. ! »
- order‘{; establish electrical equilibraum.

Thus, the interqal environment of the Vvacuole in which the

§

~ flower pigments arw _present cah greatly influence their

. coldurs. The extractkd pigments appear red in acid and

.

almost alwaygxécidic, in the range of pH 2.8 - 6.2. A f

v

fairly acidic cell sap stabilises the red colour of oxonium

salts of various anthocyanins and petal tissue appears red.

>

The requirement of an alkaline cell sap, as speculated by

Willstatter (1913) to be the cause for blue colpurs, in- -

‘

volved the presence of alkaline metal salts causina the :

conversion of red oxonium salts into blue ronized anhydro-

T
’ r 7

bases.
. ' v )
,¥Willstatter's.assumption was,'hoyever, proven to be mistaken,
since, due to the presence of dicarboxvlic acids of citric.

acid cycle, flower petals are almost alvays acidic and never

alkaline. 1In an alkaline sap,hthe phenoxides cannot be

stable. The pH of the cell sap is equally significant
PR whether it is involved in the production of ;éd colours in

Y
. an acid mediuq}ordin its implication %zafhe formation of

L ! ’
violet or purple arhydrobasks at a pH v Lt?tfen 4.0-&
&

6.2, which, however, convert to colourless rbinb- or o

€. e .
« ”pseudbbases, Since both the red oxonium form and the pur-

ple anhydrobases are unstable at higher pH, ant
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alone cannot contribute significantly to flower colpur at’

°

/—\
pH above 4.0.

> )

.The appearance of blue colour a ell as its J%veral shadés
) N i

' . i * ’
such as mauve, yiolet, purple, etc., is due to one of the

1 - B
" several possibilities desgfibed below. A knowledge of the

factors respongsible "for the blue shades is significant in

any attempt to explain the total absence of these colours

7
N b

in many garden ornamentals such as lanna, %cs:, Fegomia and

’

existence of predominantly red shades and relatéd colour
»

™ variations can be properly examined. The specific examples

\ , .

“ . : .
that have been selected here are therefore pertinent to the

T ey g -
discussion on flower colour in B, tuberhybrida as es-
{ x*
tablished in this research. >
. Presence of 8elphinidin alone can result in a blue colour

at the pH range encountered in flowers. Apparently, the
v&g&gt—coloured quinonoid anhydrobases of this pigmént are
guite stable at'q pH of 4 -~ 6 and contribute to the blue

colour. The mauve or violet varieties of Verbena and

4

- Brunsfelsia calycina are due to pure delphinidin glycosides.
At a higher concentration, the pgiment confers a purple-

black colour to the tﬁlip cultivar "Queen of the Night"

[

as well as the purplish-black Viola (Harborne, 1965).

I

The pigment of the blue larkspur is a delphinidin glycoside

sntirphiinem. At the same’ time, the conditions underlying the




b

"7

Py

'co-pigmeht, but adsorbed to a pectin-like polysaccharidé
C

addition of purified apple pectin to pure delphinadin fronf

\

3

in ghe form of its neutral anhydrobase, free of metal or e
(Bayer ¢! al,  1966). Sigylat1on of the natural pigment by

larkspur flowers increased the extinc;ion and yielded a . -

complex with the same spectral maxima as the natural pig-

v

ment. It had a high molecular weight and was non-dialysable.

Similar addition of cyanin to pectin did not yield such a
st \ ° '\
complex. _ : .

-

v

Asen «: : (1975) reported the occurrence of delphinidin

3,5-di1glycoside acylated with p-hydroxybenzoic acid and
. 1 (4 . .
contained kaempferol glycosides as co-pigments in a reddish-

1)

purple variety of larképur,ui.k- >

-

Ll huct. (.

Blue Supreme"). The colour chanae from the modera

ple 1n the older flowers was accompanied by a pH cRarfge

from 5.5 - 6.6 and deép Blue crystals were found 1in the
. - .

Y

’ \ ¢
vacuoles of older flowers. 1In th younger flowers, no such
cgystals‘were seen, ‘but -the pigment appeared to be in an

associated form in its natural state. Apparently\the pig-
CTN
ment was released from this association with age and be-

. = ! -
came converted to crystals in the older flowers.

~

Deiphiniwr cfacis has been the object of several investigations
-

and the many conflicting reports on the state of anthocyan-

ins in the "vioclet" flowers appear to be related to the

. ¥
significant changes occurring within the flowers during~ ‘.-

*
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found to be most effective. Cinnamic acids also gave signi-

N - 101

- b

1

matuhgtlon and senescence, and their effect on ’lower colour. 7
The variations are also probably due to different plant ma-
terial, the larkspur having a complex hybrid origin. .
)
The bright blue colour of the "Prof.Blaauw" Iris, a hybrid
of fp%-*€qx¥4£: Bois and Rent., 1s a stable, non-metallic
' ' -

anhydrobadase of delphinidin 3—(p—co%mary1:rutinosidef-s—
glucoside agsoc1ated with pectin and complexed with several
C-ql;cosyl‘flavones as co-pigments, at a.pH of 5 “(Asen et al,
1970). In their attempts totszmulate«the'intac; spectra, o
Asen .: :: foud% that the co;plqments complexed readily with

the pigment at a pH as low as 1.2,“cau51ng a bathochromiq

shift of 40 nm. Increasing the pH to 5 resulted 1in an ‘ab-

. S N
sorption spectrum that, matched the pigment 1n the intact -

cell. .Among the several compéunds tested for co-pigmentation{
. * &
tannins ;\§urones,-f1avones, flavonols, and flavanones were’
: ] €

ficant shifts (5 - 9 nm) but amino acids and alkaloids were

v
-

totally 1ineffectaive.

'
El

The range 6f colours from reddish purple to blue 1in Limoniwnm

(Statice) cultivars was due to delphinidin glycosides co-

- " .

plgmenéed with luteolin and i1so-orientin, but a clear corre- :/
lation with pH was obséived, with the bluest coloﬁr form

having the highest pH value of '4.70 and the~rga-violet

vamety with @ pH of 3.88. Interme@iate,shades had inter- ’
mediate pH values‘of 4;15 and 4.26 (XSenetcﬂ, 1973). Since

the co-pigment--pigment ratios were relatively constant, pH

-

was apparenily the underlying factor.

1

‘. " ¢

L4 ' . ., .
o \ N e . , P
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Yazaki (1976) reéorted a similar effect in thé'bolourwchahgé “

. < - . ) . - LN
associated with aging in Fuchsia .cultivars. The coloug_change

> \ '
e a - e .

from blue-violet in }oung petals to purple—reé in older flow-
. . ) P
~ ers 1s correlated with & pH change from 4.8 to 4..2,”involving

co-pigmentation of pure malvin as an anbyégpbase co-pigmented’ -

\

LY —_

. , g
with flavonol glycosides. Furthermore, the decrease in pH in

»

older flowers.was correlated Q;th an increase in free organic. .
. . ) ) . [ ) . * K 4
, acids, especially malic and tartaric, acids. The amounts of '

» .
free amipo acids and amides, especially asparagine, were great-

‘

er in younger flowers than in'older<oqeé. Apparently the con-

A)

version of asparagine to asparticJacid in 'older flowers con-

tributed to acidic pH, in addition to other organic acdids.
. 3 * * 7/
i / ' 4

A

In both the above cases, co-pigmentation was involved,  with- .

- .
-

out metals, in the pH range of 4 - 5.

L3

14

-

. Cofpigmeﬁ%atioa'qf cyanidin leCoéidés with six flavonol . -~ .
glycosides at a pH of 2.8 - 2.0 is the main ﬁaétor respon-

- [N

gible for the red colour in "Red Wing" Azalea (Asen et al,

1971) .. The orange sport containing the same anthocyanin at

Y

» ; s ’ .
‘the same pH was, however, deficient in co-pigments. The.

»

-

: ir vivo spectra of the pigments from the two cultivars varied (4/ A
S \‘ .in their visible Amax, the red variety showing a batho- -

chromic shift of 11 nm, evidently due to co-pigmentatior °

. effect. ‘ e ' ~ :
- b . N F . * ’ !

\ The conditions for metal chelation are.mose rigid, as-des-"
— : . .
cribed earlier in the literature review. Bayeé's experiments

’
4

.
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.(Bayeret(az; 1966) with synthetig complexes showed.that

neither the alkaline‘earth metals nor cobalt’or'ni&kel com-
pl%xes.of cyanin are stable and.bfue at pH 4 - 6. Bivalent
ions of other transition elements also failed to form stable

complexes. " Deep blue-chelates were obtgihed with iron,‘gl:‘

©

"
P -

uminum, zinc, titanium and chromium, but all except iron and

aluminum occur in plants as traces only.

It is a well-known fact that red Hydrangea turn blue when

sprinkled with i;fn—aluminum solution. These idns actually ,

accumulate in the vacuoles but the phenomenon is not .ob-
served in rose when- cut flowers are placed in iron-aluminum
solution. Even the small amounts of iron and gluminum ions

present in rose cells after 24 hours of uﬁtake should be

e
o~ ]

sufficient for #omplex formation but it does not occur.

P : ' . ; . . :
The buffering system of the\mcuof; containing a variety of

organic acid anions, metal ions and pigments controls the

n

process of complex formation in a number of ways, including

‘interactions between these components.- When the metal ions

are present in limited amounts, competition for these could

occur among anthocyanins (with ortho di-hydroxyl groups),
! -t , )
flavonols; flavones and citrate ions, provided these are in

sufficient amounts. A preferential complex between-citrate
and aluminum was noted in simulation experiments (Bayer et al,

'1966). The complexes so formed were stable and aécountéd for

the. failure of the hlue colour to develop when cyanin was

~

. / . . .
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added to the metal ion in citrate,buffer at pH 4 - 6. Jurd

and Asen (1966) observed the Pklue complexes’and the subse-

! '

qheﬁt bathochromic shift in %he vis. Amax of the p}émeht
onl§ in aeetate buffer at pH 5.45 and not<citrate.u Addi-
tion of CLtrate to acetate buffer reversed the Shlft and
coloqr by abst&actlng the ions from the acetate buffer. The

3 absence ef blue ions 1is poss;bly due to preferent1a1 dom~

.

Iy ’q;-‘v". Bl o P

plexes of metals with more effecti e'chelators siéh'as civ
[ @
trate ions, flavonols and flavones. e stronger tendency

of flavonols towafds complex formation, relative to;anthe- L

cyanins, is due'to the presence of hydroxy keto'groupingﬁ {

}Horhamﬁervand Hansel, 1955). X ) . )

) < OH , . u > .
H . o . v .
. s B
’ \ . i )
O , i ,
“ "/ . B . .
"HO " O—H : T
. - ¢ § R N f
‘ . 1 ~ ,
/ o )

The interaétion between‘meta{);ﬁé/co pigment can have other ’ o

i
. +‘interesting effects urd and Asen (1966) have found t;Lt .
L " !

chlorogenic acid, a db;;bltous, natural polyphenol affects
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“In Hydrangea, aparently, both the red and blue varieties £

a ‘water-insoluble complex involving aluminium ions and

Bluing of roses during senescence was attributed to increa-

‘(Weinstein, 1957),. and not to a change in total tannin con-—

‘The elucidation &% factors causiflg colour variations has

and his colleagues at Beltsville Maryland, involved a

ments of single cell vacuoles were made wi%fx a special

- ?
v

flower colour through complex formation with anthocyanins.

con:cain a moderate amount of this substance in their cells.

{ +

Howe*ver, in the blue wvariety, it appefrs to be present as

. o \ o
delphinidin glycosides, and so cannot be detected, while

substantial amounts are found in the red variety.

-

5

sing pH, due to a large increase of free ammonia in the cells

tent as suggested by Currey (19%'). Yasuda (1970) has, how-
ever, shown léhe formation of tannin bodies in the epidefmal

. . . \
cells of agi roses. These "spherules” seen in bluing roses

were found to .contain cyanin, a tannin-like sustAince and

’
iron. . ' . -
\ : . ; 1S

v

been possible mainly due-to the dev"elop‘rﬁent of sophistiéated'
lnstrumentatlon technlques. .The 1\7: vivo measurements of '

plgment spectra of single vacuoles éspecially by S. Basen
speciailly dévised microsbectrophotbmeﬁgr. The pH'meas'ure-

microelectrode. ‘ The approach used in their studied involved
- \ N

recording the absorption spectrum of the contenf}s of the in-

B

. e SN
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‘ceil contents that can effect the pigment curves and, con-

v

taéé‘cell, followed by 'simulation ;tudies; The purified an-
‘thocyanin was mixed with one or more Eompanents {(co-pigments
'o;.metqls) known to be present,‘af the measuréd pH of the -
cell vacuole.’ Theiéimulated pigment mixture yielded the same - 4.
spectrum as the‘intaet cell bdt was not necessgarily identical’

with the mixture inside the vacuolé. It is a regsonable ap—

proximation and perhaps the closest one can achieve. fhe

- I3 . ’ ¥ o ) . +
in vivo spectrum is a more accurate representation of those.

sequently, the apparent colour due to the pigment.. This is -

" particularly so since the intact spectrum is subjected to .

the least disturbance or ¢hange.' However, it -has its own .

‘limitations, 'since not all substances ‘occurring in the |

vacuole affect the pigment spectra directly but can have

) , . % .
indirect effects. A corresponding chemical or biochemical

analysis pf‘thg vacuolar contents would previde the actual.
;dentity and the amounts of various substances present 'as
well as offer some clue as to the nature of their effects,
if any. However, only the whole\:}ssue can be extracted
rather than the vacuolé. There is no technigue known at
presen§fo§ isoiating the contents of a sinéle vacugle and
analyzing them.’ The isolation 6f the wholertissue Qould

-
.

yield contents. of all the cells, their vacuoles and cyto-
N -

plasmic components and hence not be truly representative of
A

the immediate environment in which the pigments are present.

I d

°

>
-
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In ‘the light of’, theTabove evidence, we can now discuss the
. v ~ . "
colour variations in B.tuberhybrida with respect tothe following

aspects, namely the predominance of the red colour and.its
’ R

shades, causes of colour variations in the narrow range of
Pl N .

red/pink/orange and the total absence of blue colour among

‘

the cultivars. The epidégmaL cells in Pegonia which‘contgin

the major portion of the pigments contain a largé v;cuoie.
making up 90-95% of the cell volume, and a thin.pa£i;tal
layer of‘cytoplasmé/ While the vacuole is the only sougce
of the flavonoidlpigments, most of ﬁhé ofhér components in

the free .state are also presumably from the vacuole, al--

though they may also exist infthé cytoplasm.

-

In the absence of sophisticated instrumentation fadilitiésh

the closest approximatiq?éof the in vivo conditionsgan'this : )

N hd

study is represented b; thf spectra of.the crude pigments
measured in 0.01% MeOH - Hél..‘ THe pH of‘the cells of all
cultivars at an equivalent stage of growth.was aboug 1.50. v
The method used here was conventional and tﬁe valuey, al-

though répresenting“the pH of essentiélly the v§cuol'r sap,

) N . . . .
could reflect some contamination from cytoplasmic components.

* «

This pH is more acidic than is usually encountered in many -

plants. The factors that could possibly contribute, to this

fy

pH will be discussed later, but it is obvious that this

<

acidic pH value 1is the most important COﬁtribhting'faétor

to the occurrence of red colour forms inB.tuberhybrida,andthe*'

v




The spectra of all the three cultivars indicate a predomin-

colour variations are due to other factors exerting their

1
~

effects through a celi sap that is pronouncedly acidic, . »

The‘spectré of the crude pigments fall into three categories.
The' Red, Orange-Red and Pink showed' the same visible maxiya

(522 nm) suggesting the same major anthocyanin pigments. The -

‘spectral peaks represént'the cumulative maxima of all the pig-

ments présent, namely cyanidin and pelafgonidin in‘the visible
regiohs and qguercetin and'kaempferol in the UV region. The
visible maximé of 522 nm; due *to both cyanidin and pelargon-
idin glycosides, is acfﬁéli& closer to the Amgx.pf cyanidin
than pelargonidin glycog%des, igdicating the predominance of

‘cyanidin pigments.. The bathochromic shift with AlCl; as

: . . ‘ ,
well as the estimation of relative pigment concentration

confirm this.

. ! \
. v w4 .

rd , ~
In the Red and Prange varieties, the presence of flavonols, .
f . .

quercetin and kaempferol, is indicated by the inflecfion at

350 nm. An analysis of the total aglycones confirmed their . -

)

presence, although in minor amountis. On the other hand, the

Pink variety exhibits a well-defined peak in the~crude ex-
hd ) ¥

tract, substantiated by a greater amount of these fli@\o@ :
aglycones in the hydrolyéed extract. ’ -

- - A

ance of 3-glycosides (peak at 440 nm). Characterization of

the major anthoc§anins from'dlltthreevindeéd showed the pfe-*

5 L -
sence of six cyanidin 3-glycosides, viz. cyanidix”brsophoroside,
. ' t

r N .

v o




" is the main factor for orangeness, a relatively higher.con-~

[ &3

- i)

cyanidain 3—sambubioside; cyanid{n 3-rutinoside, cyanidin \
3—robinobi051da, cyanlain 34gluc;side and cyanidih 3-galacto- "~ '
side, and one pelargonidin 3—glycosid§, iz pelafgonidi;
3—sopho;0§ide.‘ The relative concegtr;tion,of thesg glyco-

sides varies among the three cultivars. Since pelargonidin

n

"tentration of this pigmeé%Jan the O}ange—Red'varlety is not
surprising while the Pink and the Red have lésser‘amounts of
this pigment but occurring in approximately equal coﬁcentra-
tions in the twqtcultivars. On,the“othei‘%and, the presence,
of six cyahidin glycosideswin the Red yariety wlth thﬁee‘oﬁ
them 6céurring in higher fconcentration tﬁan in the Pink var-
iety (¢yanidin 3-rutinoside,’cyaﬁidin 3-robinobioside and
cyénidiﬁ BTglucoside)‘gﬁgears to differentiate the’Red from
the Pimk variety. _In addition, cfanidf% 3—ga1acto§ide is
totally absen;-in the Pink varigty. The sugar moieties ap-

‘paf§£§ly have no contribution to colour variations and‘dif—\'
ferences in the relative proportionuo; JQE individual cyan-

idin glycosides have probably no significance.

1

The spectra of the Orange and Salmon varieties are again

due to the presence of both cyanidin and pelargonidin gly-
) 1 . * i X o

cosides. The Amax (visible) at 504 nm-indicates the pre- ’

V L d

dominance of pelargonidin glycdsides, failing to yield a

bathochromic shift with AlCl,. Characterization of agly-

cones shows relatively higher contentration of pelargonidin

which apparently supersedes and obscures .the spectrgl
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properties of cyanidain. 'Purlfled cyanidin 3-glycosides have. : |
“.a‘Xmag (visible) at 522 nm, yielding a bathochronic shift of : j
Voo 20 nm with AlCl;. Purified pelargonidin 3-glytoside has its |
( S X o .
) \ . visible Mmax .at 506 nm, La\::king a sh%ft’with AlCl;.. The .
’ X cumulative spéctrum of all pigmBnts in the crudé staté,of
‘\ Orange and Séimpn yériefié; séill yields a visible imax at
'\ 506 nm with no shift. The prﬁportion of pelargonidin to
‘cyanidin {n vive seems to determine the§e effects on the
Erude spectra and'caUFeé the coldbg}ﬁiffer?nces,'hot only
.. betweeh the Orange and Saimon but also between these two
cd}tlvafs and the other cyanic'form;,‘namely Red; Orange-Red
an& Pink. Kaembferol(and Quéréetin are éreéent only in low
- amoﬁnts ana the inﬁlection at 440 nm is less pronounced than
| . thatiﬁn‘Red, Orange-Red and Pink varieties. The relatively
\hlghef\prgportion of pelargohadin‘glycoside apparéntly dis-

3

' o .~ tinguishes the Orange from the Salmon.

The YeYlow and White have oniy minor afounts of the two fla-
» \\ ..» )
vonols, -n3dmely gquercetin and kaempferol. . .

° X
It 1is appar%nt that, in all the six cyanic varieties, the
: \ &

/

f;aQOnols are present without involving f‘*co—pigmentatidn.

The major anthocyanin pigments, purifiéd by re-chromato-
N - .‘U - a\
graphy, do not\exhibit any inflection or peak at 350\nm.
\

The visible Amax of cy&nid&n glycosides is at 524 nm and
tbgt of pelargon\din glycosides is af 506 nm and these are :

essentially the s%me maxima (522_aﬁd 504 nm reépecfiveiy)

\ e
N . x-

et /
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of fhe{crwde piéments; wi®h the predomiﬁance of cyanid}hf*\
and pelargonidin respectively. Any co;pigmentaékon effect
I h could ha&e caused a bathochromic shift i1n the visible A;ax,
in addition to a peak or shoulder at 350 nm dge to the fla-
vogols. No such shift ya; observed even in the Pink variety,
witﬁ\? well-defined peak at 350 nm. It is guite unlikely
'tha£ séme of the minor&pigments which were not chagaCteriZéd
could affect the yisiplg colour significantly or be involved \
in co:pigmentation. The pH of the geli sap at about 1.50,
althouéh acidic, could permit co—pigﬁeq}atlon to 6ccur,'put
the colour due to such pigment--co-pigment complex wou}d be’
< -
red rather than ﬁ}ue. The effect of these ?lavonols on
- the crude pigments couid tngfgfore be from co-existence Qith
anthocyéﬁin in<phevsame vacuole rather than co-pigméntatign
which actually invq}ves a-loose‘chemicéllcomplex between the
. ‘two pigment.moleculeg. Purification of the pigménts by re;. N
L chromatograéhy cannot possibly dissopciate £hé'complex, the #
-latter process reguiring more geQére procegures\fYazaii and
. Hayashi, 1967; Nozzolillo, '1970). ' o

v
\ 77

v -

" The spectra of theScrude pigments from &ll -the seven culti-

[y

vars are charab;eriied'by another peak at 325 nm, indicating

N . " acylation. "Again, theVpu;ified major pigment glycosides do
. © ntt exhibit’thista;tréular absorption maximum. Although

buriﬁicétion by re-chromatography is known to cause de-

acylation in certain unstable acylated glycosides (Ashtakala

L 3
" and Forward, 1971), it is unlikely that the major pigments

I'4




the two-dimensional chromatogram are not indicative of racy-

‘cultivars, except the Pink, whererabsorption 1n this region

C’Ehromatographic profiles of the Red, Ofange—Red and Pink

: 112
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analyzed here are acylated, since thear Rf values in BAW on

lation. Evidently, the phenolic acids occur in the cell sap

without involving acylation or co—glqmgntakion yith ;n-
tﬁbcyanins. Subsequent analysis of vacuolar contents has
1ndeed shown the presence of the phenolic ac;d,caﬁgeié acid
in the freé'sta&e. The peak is qﬁite noticeable in all the

oy

is obscured by the increased absorption towards 350 nm due

‘ C o 7 0.D. at 325.nm
to flavonols. The ratio of gcxd to pigment; (O.D. 2t Vis max

).

N N .
of the various cultivars is guite variable and the appearance @

>

of this peak suggests contamimation with anthocyanlns‘gzrhw. A

It should be men;ionedﬁlhat, while only the major pigment

glycosides for each cultivar were re-purified and fully
. /

characterized and found to be free of acylation, one of the

~

minor components (spot No. 13 in the. two-dimensional chroma-

togramsf with a highest R% value in BAW could well be acy-

N ) . .
lated since acylation increases R value in BAW, But it is
‘ : )

] . - oc
ualikely that the presence of a minor acylated component’

could have a strong effect on flower colour. -Similarly, éwo

minor components, spots No. 1 and No. 2 appearing in the

-

varieties, are characterized by very low R, values in BAW

and appear pink or magenta. These are possjibly the tri- .

glycosidgs'of cyanin but their low concengfation precludes

~




k1

appear to.be insigmificant.

grams,’ the data on the quantitative estimation of the rela-

\'- ' .

' \
, \ : g
Y significant contribution to flower colour. Har ne

i ¥

d Hall (1964) have reported the occurre of two trigly- v

L3
osides in a few species of begonia. In *. :Nfrhulrida, they

t
N i

-

In this study, a close correlation has been established be- .

®

tween the pigments and flower coloyr hased on spectral char- -
acteristics, chromatographic properties of the glycosidic e’
;T;hents, analyses ©f the glycosides by complete hydrolysis . -

and characterization of the aglycones and sugars,'as well

as selective hydrolysis by H;0; oxidation and subsequent

[

I .
characterization of the sugar moieties. Although. in the

‘above discussion, the relative concentrations of the pig-

ments were estimated by a visual comparison of the intensity

of the aglycones and the glycoside spots on the chromato-

tive anthocydnidin concentrations in all the cultivars

4 . . .
support the conclusions stated above in addition to pro-
. \ .
viding further evidence for causes of colour variations in

Begonia tuberhybrida

. . e .

. . B
Increasing "redness" 1is seemingly due to increase in cyanidin®

Starting from lowest amounts in Orange and Salmon, ~

’

coptént.

- following in sequence are Pink, Orange-red and Red in the res-

pective ratio of approximatively l:l:{4:60:78 . On the other
hand, increasind "orangdness"” 1is apparently dhg to’ *

increasing pelargonidin co t, the Pink variety containing
"‘ v .

< : /
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e .
the loweest amount, followed 1n seauence by Red, Salmon,
Oranae-PRed and Orange in the ratno,QfAl : 2.6 : 5.3 : 6 : 9.3,
respectively.  The Orange and Salmon, with tpﬁ same cyanidln

“content, are distinguished by their pelargonidin contents 1in
. "\

the rat:o of approximately 2:1.' The Salmon énd d}anqe—Rod,

with approximately the same pelagrgonidin content, differ in

their cyanidin content by a ratio of 1:60 respectively. How-
¢ver, since both cyanidin and! pelargonidin are present to-

qether 1n all cyanic cultivars, the relative\proportidns of

<

the two pigments avpear to be the determlnlna factor 1n es-
N ‘) ) .

tablthlng colour differences among the cultivars. The red-
ness 1s-due to 20 times as much cyanidin as pelargonidin in

the Red variety, followed by Pink ,with 16 times as much. cy-
d . ~ . &

‘anidin as pelargonidin, .and Orange-Ped with 7 times as much

A d

< ~ i

. : .
cyanidin as pelargonidin.

A decreasing cyarnidin:pelargoridin ratia estainshes t

colour sequence starting from Red - Pink - Orange-Red -

Salmon to Orange (decreasing redness and increasing orange-

-
-

ness). Taking the Prange variety with the lowest cyanidin:

pelargonidin ratio as .1, we\arrive at’ a sequence of Red -
Paink - Orangé-Red - Salmon - Oragge, while'the two exﬁreﬁe
colours R?d'and Orange contain the largest amount of the
typical pigéents, namely cyanidin and pelargonidin, con-
trlbutlng to these colours respectlvely,lthe intermediate-
colours are a result of spec1flc dlstrlbutlon .of the two 4

3

pigments. The Pink is close to the Red in its cyanidin:

’ -
t




the red oxonium salts of the anthocyanins being stsbie at |

causing increasing redness. While several cyanidin glyco-

‘sides occur along with a single pelargonidin glycoside as the |

- ’ »

. , '
pelaragonidin ratio (80%), but the Oranac-Red has. about 35%

) : .7
of this ratio for the Red, while the Salmon has about 0.Bv. 7 3
Some ﬁ? the colbur forms with suplle shades would probably .
fall 1n between these rataios. ‘ A
The Yellow and White are prgmented malﬁly with the flavonols
quercetin and Taempferol. However, the extractable arfount’ \

N

. of flavonols frgm the same quqhtlty of flower tissue asswused

1n, the anthocyanidin study was no; sufficient for analysis "~
9 * ’ . » A

and no attempts were made to determine their qguantities other

7 . R
than «visual comparison on chromatograms.

Although the contribution from carotenoid pigments was not

- [

investigated an this study, no chromoplésts were observed :

in the cytoblasm of the epidermal or sub-epidermal cells *

-

under the microscope. 'Apparently, the contribution of caro-

. . s ! S v . : .
tenoids to colour variations in “c"‘uT‘.'ICJ :u:)u‘r‘u'“‘ﬂ“ 1S 1nsig- N

n1facant.

The‘a 1dice cell sap at a pH of about 1. 50 is thus responlele

a /“

he red and shades of red in the flowers of B. wuemgérub

W
this pH. The colour variations within this range amohg the

cyanic cdltivars are due fo varying proportions of cyanifdin .

and pelargonidin glycosides, an increasing cyanidin content .

<

~

major pigments of Red, Orange-Red and Pink cultivars, the

\.‘" ’ . i &;\Z .

4 L m e naden caaie e v
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¥ Orange dnd Salmqn are charactcrlzed by one cyanidin and oné
o pelargonidin glycoside as the only major plgments. It there—;//
fore appeats that in B. tuberhybrida,it is not' merely an

. - s . .
increasing pelargonidin content,but an actual decrease in

$ cyanidin contenkwthat causes a tendency towards orangeness.

The factors contributing to the ac}dic cell sap appear to . ,)

be mainly the‘orgqnic acids fﬁ%&ained in it. quant cell Eap
is rich ih‘ogganic acids,with pH»values less than. 5. 5.
Thomas et ;z (i973),reporting'onbthe acid metabolism of cer-
tain plants, has cited pH values of 4 - 5 for leaves of

-ﬁany succulepts; 3.26 - 3.67 for }hubérb petioles; 2.88 for

Vale;cia oranges; 2.82 for leaves of Pelargonium, 1.53 for.

Beponig/}eaves and 1.50 for Ozalis leaves. These values are
i

gerotygic characteristics. ( For comparison, the pH of 0.1N

HCl is 1.07 ). Thd/concentration of some‘of the above acids
~ L & ) -
may reach 1N. Hewever,the plant acids are weak acids and .

* "

among theée,‘oxalic acid is stronger than the others,. con- RN

tributing to the low pH of Begonia and Ozalis leaves.

: Other substanées contributing to the'totg{_ecidity of the ) .

.
c

plant sap include fatty and amlno acids, certaln proa‘elns,~
aromatic and otherlac1ds. However, the concentration of hy—.
drogen ion in the cell eap is more significant than-the
tote} dcidity in the considerat{on of colour variations of

Y

anthocyanins. 1In addition to the total acidit d/p/ICen-
: \ > //,X/ﬁn

tage dissociation of the various acidic substances, the

w

presence of buffer substances are also significant in

controlling the hydrogen ion concentration in the cell sap.

& -
S g
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Experimental reports showed that salts of malic and citric |

acids also play a major role in the buffering system of sap

( Thomas et‘aZ, 1973 ). The hydrogen ion concentration of

|

|

sap which contains these salts is likely to be higher than . l
. \ . H

-~

one lacking them. Yazaki.(1976) found a higher citrate and R '

malate content in young Fuchsia flowers with lower pH, re- ' ?
(t

lative to aged, bluing petals.

Analysis of the cell sap‘ffqm all the B. tuberhybrida re-
vealed the presence of four organic acids : citric, malic, ‘

.0 .
oxalic and succinic in relatively large amounts, of

these, cittric acid seemed to be in highest concentration.
The presence of free titrable acids in the Begonia is due’
to the operation of crassulacean acid metabolism (Ranson,

1965), involving dark fixation of COZ’ the gas entering the,

epidérmal cells through the cuticle The metabolism ip

accumulatiJ; of acids by dark fixation of~C02 was observed -
during maturation and senescence (Weinstein and Laureﬁtcpt,

- 1958).  Malate, succinate, fumarate and citrate were seen

-

to accumulate in petals during the €arly stages. ¢

'
. } .
* E

e

’ . oA . - . . :
The metal ions detected in the B. tuberhybrida tissue in-
- v o

cluded aluminium at less than 5 ppm, iron.at 2 ppm and’

1
?

ety

magneéium at 70 ppm. There are several reasons for assu-
N ‘ming that pigmeht - metal chelations do not occur in B. tuber-
: hyb;ida. The first and most importahf factor is ihe pH,lwhich

P

N
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at 1.50 maintains the .cyanidin in i&gﬂpxoniuﬂ form, thereby
. s '
. .
-~ preventing a chelation with the metals. \éecondly, none of

the above meta;s other than iron and éluminium are Cow
*likely to form a stéble blue,comple¥és with cyanidin (Bayer et N
| ' o qZ,l9§6). Althpugh Hayashi et al (1955) isolated a blue compound
, J‘ ’ cont;ising~a magneéiu$—delphinidin glycoside complex from Come-_

. < .
R lina communis,simulation experiments by Bayer failed to yield .
: o " .

complexes of delphinidin with alkaline earth metals at pH.

"2 - 9 (Bayer, 1958,>1950). Thirdly, the high citrate con-
. [
. centration would preferentially abstract the ions from the

medium for the formation of citrate - metal complexes. Fi- o

v

‘nally, kaempfé}ol and:quefcetin could preferentially form

chelates with metals. Both these substances are more pozﬁf—

~

/’ . ful chelators than anthocyanins due to the presence of

hydroxy-keto grouping in the molecule.

Although the absolute concentration of cyénidin was not de-
termined, the existeﬁce of factors that perent the pigment -
metal complex formation seemed to be far too many,so that ({ L

even if the pigment - metal ratio was within the required Ve

TN

] :5)«&44';1-“5.‘.35-)'* el

range, the occurrence of blue colour in these cult@%ﬁfs_ /

roy
would still not be possiBle. . 4 i T

"

Other factors influencing the pH of the cell 'sap are the ac-

et

—<cumulation of certain basic .amino acids and amides. The ac- .

3
A
3

\

cumulation of amides and free amino acidspuecedgs the ammo-

L0

nia formation during early stages of senescence of roses

- , L - o
(Weinitéin, 1957).  1Increased amounts of free amino -acids ! ’

~and amides, particularly &sparagine were observed in t\hé

w '




s

younger petals of Fuchsgia, which in the older stéges was con-
;o . L o ' i

verted to aspartic-acid, inc;éasing,tbe pH value (Yazaki,
1976) . . . -

hlthough in the present study, no attempt was made to study

. A,

the metabolic chandes accompanying,senescence, an analysis of 0
- ; ST -0 . ' %

the free amino acids in the cell sap of B. tuberhybrida flowers at

youger stage of development was considered use€ful ,in exa- \

mihing their contribution, if any, to flower colour. JThe ma-
. M . . \4 .
o jor free amino acids$+ found in all the ,cultivars were : lysine,

»

serine, alanipﬂ, phenylalanine and .glutamic ‘acid. The only .

amino acid that could have contrlbuted to the acidic pH in

addltlon to the oraganlaﬂac1ds, would be th? glutamlc acid. (
& - '
In his stugy‘on piogénesi' of anthocy&dnins, Thimann and

Edmondsen (l949)ﬂbbserved that sicrose stimulates gqthoc&gnin
. productlon 1n.9ptrodela oL&gorrhtza Legf discs floated on
"dilute sugar solutlons are known ‘to 1nduce greatér anthocyanr
formatlon. Increase in sucrose concentration up 10 3% w/v in
E the medlum enhanced anthocyanln conte;t up to 35 times 1n de-
tached flowers of Impatiens (Kieln and Hagen,d1961). Increar
4 * -
~ sed anthocyanin accumulation in peel of apple was also-seen
v T . . -
b to be cqfr;lated with various treatments ‘known to inirease

Lt gAYt e
.

' - the pentose phosphate pathway (Faust, 1965). )
1} ) A “ N (

Sugars could thus exert their effect quite early in the bio-
svnthesis’ of flavonoids. &an ana1y515 of the vacuolar contents

. B. tuberhybrida - revealed the presence of two free sugars,
) . &

T namely glucose and fructose,with‘glucose occurring in much




larger amounts than fructose. Wpether the free sugars\them—

selves exert any'eiéeﬁt on flower colour is not clear. A
soluble pool of free amino acids, sugars and other substaﬁces
irepresents\a stordge. of these -substances which\the plant can
utlllze 1f needed by retr1ev1ng~them from the vacuole. whe;
‘ther the sugars dre retrieved back 1n£o the cytoplasm for
flavonoid synthe51s is not ceztaln. Chromatography of the
crude anthocyaniﬁs yielded a number of free sugars in Iris

(Ashtakala and Forward -1971) which apparently, occﬁrred as

”contamlnants.

L 4

The absence of blue colour in B. tuberhybrida appears to be
mainly due to a highly acidic cell sap caused by an active
! ‘{ .

Crassulacean acid metabolism and production of substantial

. “. ~ .
. amounts of citric, malic, oxalic and ot?en acids. The pre-

_ sence of metal ions, even if sufficient for chelate formation,

are apparently ineffective in complexing with cyanidin gly-

T

coside due to the highly acidic cell sap, at which the plgment,

» - h-J
would exist, not as anhydrobase, but as flavylium salt. Che-

lation involves the anhydrobase form only at a higher pH (4 -

6 ).

v

Co-pigmentation with flavonols which 5)¢ present is not im-

possible although the phenomenon i;/;Et\apparent. Co-pigmen-- .

tation could occur with' both the cyanldln and pelargonldln at

the ex1st1ng PH of 1 50 but the complexes would be redder,not

+
-

blue. . . s . ) '

.

It appears therefore that in B.tuberhybrida, the pH is the most

-

r

¢
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important ‘factor determining_the actual range in which thea—

colour variations“are manifested.

Bluing of - petals witli senescence, on injury or drying, was

§

observed in B. tuberhybridd.A m}croscopic examination.of petals

showing the blue tinge, exhibited several filamentous struc-

- [

tures appearing deep blue. These structures assumed a star

shaped appearanée with'furthe; progressing of ,aging. Although

no further' attempts were made to investigate the phenomenon,

the structural changes observed here are similar to sﬁose

¥ .

seen»in the red rose by Yasuda (1970). A massive tannin body

- 3

was seen to form in the later stages, assuming an ellipsoidal

y

shape, and containing cyanidin,; iron and tarnin!j/&hé_clear.

blue tinéé séen in B.tﬂberhybrida\flowers was ¢g%?nd to start from

the eége of the petals and spread inwards to the center and
i - , . .
‘was insignificant in the Red,Orange-red and Pink varieties,

but riot in the ‘Orange or‘Saimop which retained their original

colours, althouéh fading. The Yellow and White similarly ’

®

. \
showed no change towards blue with age. It is®thus probable

that 6nly Eyanidin was involved in soﬁe comp{ex formation
which 8aused the blue tingé in those flé&érs in thch it was
bresent as, the“preddminent pigﬁéAp; SO ;s to be-evideng. It

. may Le specu}éted‘that a pH change towards alka&in; ocacurs in
Biubérhybndadugkng seﬂéscenée,similar to that ocqurriyg in rose

(Weinstein, 1957). +4A fall in citrate concentration accqmpi;

pying the pH change during senescence 'is also another possi- .

- 3

‘Bility that could permit abstraction-of metal ioné‘From ci-, -

trate*complexes}pnd all&gba pigment - metal complex to occur

~

4

e

e % B
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during senescence (Weinstein and Laurencot, 1958). It is

perhaps equally likely that the fllavonoid content decreases

with .age, allowing preferential complexes of metals with -

A
anthocyanins. 'In the absence of experimental evidence in

‘

. . . . il
B.tuberhybrida, ,these "changes can only be speculated,to account for

bluing effects in these flowers ptedominantly - pigmented with-

cyanidin.

In Begonia, as in many other garden oxnamentals where blue
~ !

colour forms are totally u%knodn, it is noteworthy that del-

-~

phlnldln is totally absent. When wild plants arebroughtun—'

der cultlvatlon, mutatlons seem to have occurred in the di-
»rection delphlnldln - cyanlgln -- pelargonidin and those
f : ‘ ‘l cultlvars whlch do not have wild spec1gscprodu01ng‘delphl—
nidin are limited in the . colour range they produce. Thus, h \ /
in Dahlia variabilie, Rosa Spp, Canng‘indica, no wild épecies
are known with blue colours. fn‘Antirrhinum majus, where

-

. again no true blue colour is known, the pigments include
- L4 ! ]
“ cyanldln and pelargonldln but no delphlnldln. However two
wild spec1es have been known to contaln delphlnldng : A ‘ '

Ny

cornutum and A. nuttaZZzanum (Harborne, 1963b), %uggesting
@

a remote chance of produC1ng a blue cultlvar of ‘Snapdraqgon

.There is no ev1dence of a biue "wild"” species of Begonia. 1f K

it is possible td breed a B.tuberhybrida that has less c1trate, S

higher pH and one that does not produce flavpnols, the blue

colour forms may be realized. - e

. 4
. .

Harborne and Hall {(1964) éhalyzed a variety of glycosides in

. . N °
1 1 - - -

-
- [ 4
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" several Begon{n species (excluding B. tuberhybrida used in ,‘
this study) without relating them to-flower colbur.‘Bégonid e w

has a complex hybrid origin and there are pronounced morpholo- Y, l
s . /

gical variations among the various species and their culti-
'vars. The glycosides neporFed includedgz cyanidin 3-gluco-
side,- cyaﬁidin’B—sambubioside, cyanidin'B—sophoroside,
cyanidin 3-xylosylrutingside, cyanidin 3—g1ucosy1rutinosyde
and pelargonidin’ 3-sophoroside. 1In this present study, the
. presence of some of these glycoéideé has béen confirmed in
B. tuberhybrida. 1In addition, th;ee more glicosides have
been isolated, namely cyapidin 3-galactoside, fyanidin 3-

rutinoside, cyanidin 3grobinobioside

Thus the genus Begonia has a potentlal for synthesizing a
varlety of anthocyanln gly0051des 1nclud1ng two triglyco-

~ .

sides containing branched trisaccharides and a variety of
A : N . ‘ .'
3-monoglycosides and 3-biosodes. 1t is apparent from this

. research that the range of glycosidicAforms exploited by
Begonia is even greater. It is intereiting to )ote that

there are only two major anthocyanidins \found amoné all phe' \
. ) 5 4
3egcnia species studied so far : pelargonidin and cyanidin,

- the.-latter appearlng much more commonly., The addition of

glyc051d1c varieties does not seem to have contributed to

(s

colog; varlatlons signifi antly, the. chief determinant fac-

\tors belng the relative pro rtion of the two aglycones.

T -
The pre%ent study has cleatly established thé'contribution
4 i
‘of anthoéyanldln to colour varlatlons, the range of which is

llmlted‘by a highly a01d1c pH brought about by organlc acids
/ . . )
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and a relatively high c0npentratibn of citrate in the medium.

»

This study represents sa careful examination of factors faor

-

establishing a basis of colour variations in terms

noid pigments and several vacuolar components that .are most”

likely to modify the pigmentsnin vivo and therefore , the ‘

visible colour.
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g e SUMMARY . S

1
‘

" This research re¢presents the first sthdy of colour variations

in’ﬁ}owers of Begonia tuberhybrida in relation to several v?—“

cuolar components in addition to flavonoid pigments.

' .

The colour variations in Begonia tuberhybrida are limited -to

- . -
AN

a narrow spectrum, ranging from shades of red through pink to

_ . QQ 4 -
orange. Blue, purple or related colours are totally unknown.

[0

'The varieties chosen for this study included white, yellow , .

.
red, pink, orange-red, salmon and orange colour forms, and the
(‘

-factors underlying these variations were studied ffom two W

- points of view : .

-

a. to establish the tause 'of colour variations among the se-
. - &

&

lected cultivars. ’ A

b. to define the conditions responsible ‘for total absénce of

of blue or related colours.

The results from this study .can be smmarized as follows : -~ - -

*

1. fThe. colour forms fall into two categbries : cyanic which
includes the Red, Pink, Orange-red, Orange and Sakmon variéiies
with abundant: anthocyanin, and the acyanic which includes the

White and Yellow, containing no naturally occurring anthocyanin.

2 The pH of all varletles was highly ac1d1c at 1.50. and is

"the major; factor in determlnlng the absolute colour range éhcoun—f
X

tered in/ the cyanic formsﬂ .

‘

3. Tﬁe~pigmeht aglycones of all the cyanic cultlvars 1nclu-
i

\ M ) (.r

ded two antthyan1d1ns :+ cyanidin and pelargonldln, and two S

N ¢

\ S . - !g

a
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flavonols in minor amounﬁs:uquéfcetin and kaempferol. The

v

acyanic forms are characterized by the presenéé of the two

L

flavonols in minor amounts..

.

1 )

i

4. The relative proportion qf cyanidin to pelargonidin was

the main determinant factor of colour variations among the
f-//

o«

cyanic forms, which could be grouped into two categories :

r . 3l . ¥ ,
a) theizéd, Pink and Orange-red characterized by a higher

4

cg?nidih to pelargonidin ratio while b} the Orange and'Salj

mon had a higher pelargonidin to cyanidih ratio. The two

o,
- ..extreme colour forms,Red and Orange, were due to thé highest
- .
concentrations of cyanidin/and pelargonidin respectively ,

o the typical pigments'contributing to these colours. The in-

T termBdiate shades were due to specific proportions of the two

pigments. \ N

5. Several cyan}din glycosiﬁés and a pelaréonidin g}ycosidg
characterized the Red, Pink and Orange—red varieties, whereas
the Orange and Salmon were characterized by a‘single~cyanidin
glycoside ané a single pelérgoniain glycoside.

. o
6. The ma;pr anthocyanin glycosides of .the Red, Pink and Oran-
ge-re& varieties included abpelargdnidin 3—§6phoroside and

P ) -
.~ five cyanidin glycosides tentatively identified as follows :

. cyanidin 3-sophoroside, cyanidin 3-sambubioside, cyanidin 3-

A v

yrutinoside, cyanidin 3~-robinobioside and cyanidin 3-glucoside.
In addition, cyanidin 3-galactoside was also present in the,
Red and Orange-re&d varieties., The®Salmon and Orange varieties

N 3 A AY

werg/cﬁaraqtériZed by a é&pgle pelargonidin'3—sophoroside‘

{
andﬁa cyanidin 3-sophoroside.™ -

’

Y.




7., Chromatographic studies on. the. crude pig%ents of the
cyanic forms suggested the presence 'in vivo- of a mlxture of
pelargonidin and cyanidin 3-, 3,5- glyc051des and probably

triglycosides, the latter two categories occurring 1in

3

minor or trace amounts. All the above pigments occurred
. s ’

. » .
in variable amounts am@Qng the various selected cultivars. {
[ ‘l \ X i L
8. Spectral studies on the crudé pigments of the cyanic

‘forms indicated the existence in vivo of a mixture of predo- :

-

minan%ly 3-glycosides of anthocyanins, along with fl§vonol(s)ﬂ

1

" and phénolic acidsi{s). The anthog¥apins appeared to co-

- (-

exlst with the above compouhd itholZt involving either co=

! - . - i -
' pigmentation or acylation. . ‘

9. The presence of free organlc acids : citric, malic, oxa-

~

11c and succinic appeared to be the major facteor contribu-
ting to the highly acidic pH of the cell sap. Glutamic acid,

-occurring in the free state, also possibly contributed to the-

7
4

- T Db pH value .
10. From the evidence obtained in this study, several causes

) . : . ‘,.-"\'(' ) .

for the absence of blue colour among the cultivars are sug- ) L

gested : absence of deiphinidih ;.2 hlghly acidic cell sap

whlch stablglzss the red oxonium salt, preventlng the gprmatlon -

©

&
" of metal complexgs ; the presence of quercetln and kaempferql >

.which are more effective metal chelators than anthocyanins ; )

N\

and the relatively high content of citrate which can
‘ﬁfeferentially chelate with the available aluminiumAéggén

and magnesig? ions detected in the tissue, réndering them

1

(39
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¢

unavailable for anthocyanin.

-
.

The bluing of petals gbserved during senescence of B.tuberhgbrida'

“»

flowers suggested changes in the metabolism and vacuolar com-‘\\\~"f

- Y I3 )
ponents, , possibly involving some- of the above aspects.

~.

e 7

11. The presence of ¢yanidin 3-galactoside. cyanidin 3- &

rutinoside and cyanidin 3-robinobioside in Beégonia tuberhy-

v

brida-extends the range 6f glycosidic variations known in

the genus Begonia.

<

12. Oplour variations in_Begonia tuberhgybrida are not corre-

\lateQ to diffé;bnces in pﬂ; flavonol pigments, free organic

-

acids, free amino acids, free phenolic ‘acids and sugars, sug-

/

gesting similar metabolism conditions in all the cultivars.

o

Thd relative proportions of the two -anthocyanidin pigments
\ s
is theé primary underlying factor of all colour differences

[

among the cyanic cultivars. ] ) -

o . : ¢
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