"ON THE BEHAVIOUR OF “ANTHOCYANINS” AT
VARYING HYDROGEN-ION CONCENTRATIONS.

By B. H. BUXTON anp F. V. DARBISHIRE, B.A., Pu.D.

(Irom the laboratory of the Royal Horticultural Society,
Wasley Gardens.)

(With One Text-figure, Three Tables and One Coloured Plate.)

O~ is given to wnderstand in botanical literature that ““antho-
cyanins” are red in acid, and blue in neutral or alkaline media, but on
- testing, in a very rough and ready way, the petals of several blue or red
flowers at different hydrogen-ion concentrations, we were surprised to
find that althongh for the most part the anthocyanins wonld show red
in acid, and blue in neutral or slightly alkaline media, yet in many
instances they did not appear to turn blue at all on passing from acid
to allkali.

After some preliminary tests the following method of dealing with
the matter was adopted and carried out systematically.

Buffered water at varying hydrogen-ion concentrations was obtained
from the British Drng Houses, and found to work very satisfactorily,
there being no appreciable change in the pH values after addition of
the petals, undiluted extracts from which nsnally have an acid reaction
an vitro of about pH 45 to 5. The reaction #n vivo is not necessarily the
same as in oiro, since osmotic and adsorption factors, about which
little is known, may have some influence. Pearsall* for instance
distinguishes #n vivo between the xylem pH 4-5, and the phloem,
ca. pH 7. In vitro the two would be inextricably mingled.

Two grams of the petals to be tested were pounded in a mortar with
one gram of pumice; the pulp then divided into nine equal parts, and
the portions dropped one by one into nine fubes, each containing 10 c.c.
of the buffered water from pH 3 to 11. In addition, a small piece
of petal, not mashed, was put into each of nine small tubes, and 1 c.c.
of the required pH pipetted in. The small pieces of entire petals served
very well as controls, but are not again referred to in the text.

The 10 c.c. tubes were then well shaken, and observations taken as
soon as the larger particles had subsided. It is necessary to malke a set

1 “H-ion concentration and growth,” Secience Progress, 1925, xx, 58 with references.
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of observations as early as possible, as in most cases the colours soon
fade and in an hour or two the issues may be obscured on that account.

Trall tables of all the flowers tested are given at the end of the article,
and on consulting them it will be seen that the blue flowers, as a rule,
1un the course red o pink and violet to blue at neutral. As the medimm
becomes alkaline at pH 8 the blue takes on a greenish tinge, showing
green to yellowish green at pH 10 and 11. Row I on Plate VIIT gives
a typical ingtance. The green colowr usually fades very rapidly, and
in a few hours has disappeared, leaving the fluid a more or less deep
yellow. The yellow tint in the allzaline media appears to be due to the
presence of flavones, for if a white flower is treated in the same way, it is
found that the fluid at pIL 3, 4, b remains white, but at about pH 6 or
7 a pale yellow tint appears, deepening to orange yellow at pIL 10 and 11.
Such whites are those which turn yellow in ammonia vapour, and are
known as ivory whites.

It seems cerbain that the green, commencing usually about pH 8,
is due to the effect of the yellow upon the blue, and that, in the absence
of flavones, the blue would not change to green. Four examples of white
flowers are given at the end of the table, and of them, one—Irts Kaemp-
feri—appears to be a nearly pure white, as there is only a slight change
to yellow at the alkaline end of the series. The “anthocyanin’ of the
purple Iris Kaempferi shows blue at piH 8 and 9, and only turns to a
blue-green at pH 10 and 11, as is shown in Row VI of PL. VIIL. The
blue in this case is not affected by the slight yellow tinge at pH 8 and
9, and only partially so at pH 10 and 11.

Turning now to the group of clear red flowers, their behaviour is
found to be very different. At pH 3 the colour is vermilion, of a tint
very distinet from the lake red of the blues. From the vermilion the
changes are through pale vermilion and pink to orange or brownish
red at pH 7 and 8, and a deeper brownish purple at pt 9, 10, 11, between
which three there is no appreciable difference. The appearance of the
brownish tinge at about pH 8 or 9 to 11 is probably due to the yellow
of the flavones, but there is no blue or green at any stage. On PL. VIII,
Row II gives a typical instance. It is evident, therefore, that there
are two very distinet groups of anthocyanins which can be differentiated
by their behaviour in media of varying hydrogen-ion concentration.

Besides these two main groups of flowers, a third, intermediate in
character, may be distinguished, with flowers ranging from purple o
magenta or pink—a colour series which appears to be due to a mixture
of blue and red. The most galient feature of this group is that, after
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reaching blue or violet at about pH 7, the colours pass through a purple
or brownish stage at pH 8 and 9 before reaching the green at pH 10
and 11. Tt appears that there is sufficient red to retard the appearance
of the green, but not enough to suppress it altogether as in the clear
reds.

Two snb-groups can be recognised:

A. Purple with blue predominant, the members of which are blue
at pIl 7.

B. Magenta or pink with red predominant, which do not show any
clear blue but are violet at pH 7.

A third sub-group C, however, must also be distingunished in which
the blue appears at pH 9, and is followed immediately by green. This
peculiarity requires some further consideration, necessitating a short
digression.

In a previous article (R.H.S. Journal, Jannary 1929), it was shown
that when dried petals of coloured or white flowers are macerated in
neutral water -5 grm. to 100 c.c. and filtered clear, the fluid in two or
three days becomes cloudy; the cloudiness increasing, and followed by
complete precipitation (of proteins) in the comrse of a month or so,
leaving the fluid quite clear again. During this time there are very
marked changes in the pH of the extract; at first, as the clondiness
appears, a decided increase in the acidity to pH 5-5-5 from the initial
pH 6:2-6-7 (averaging about 6-4), usually followed by a decrease to
about pH 7 or 8, but in some cases the acidiby is persistent, remaining
throughout in the neighbourhood of pH 5. A generalised graph, Fig. 1,
is given below in order to illustrate the point.

The graph brings out the rather remarkable fact that of the magentas
or pinks it is precisely the flowers belonging to the acid group which
constitute sub-group C, and turn to blue at pH 9. The corresponding
clear reds, e.g. of Pelargonium and Rhododendron, do not show any
difference from the colours of the neutral group. It may here be remarked
that varying colour shades, including whites, of the same species, or
even genus, never showed appreciable differences in the reactions of
their extracts.

Of the different families Lathyrus (? in graph) has not been tested in
this way, but conforms to the neutral group in respect of its colour
series. Rosa (?in graph), according to its pII reactions, was also originally
grouped with the acids, but some recent tests indicate that this was an
error, and that it should more properly belong to the neutral ‘group.
Its colour reactions seem to confirm this later view. Sub-group B will
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have to bé tested more fully, but Row IITof Plate VIILis probably faitly
representative of the intermediate magentas and pinks.

There ave also certain differences to be observed among the groups
themselves in regard to shade of colour, but more particwlarly in the
degree of fading. Bxcept for those ab pH 3, which never fade to an appre-
ciable exbent, the colours of most petals from pH 4 onwards may all
fade rapidly, so that in 24 hours there is none left except the yellow of
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Fig. 1.

the flavones. In some there is little or no appreciable fading except for
the greens, which in 24 hours have almost always entirely disappeared.
 The greens and pI 3 ave not taken into account in the accompanying
list, but for the pinks, violets, blues and purples it gives a rough idea
of the grouping according to their relative stabilibty. It may here be
noted that the initial colours at pH 4 and 5, for some wnaccountable
reason, are almost invariably paler than at other pH values, and this is
frue also, but less frequently, at pI 6. The purples are listed with the
Plues, and the magentas with the reds. '

- Degrees of fading—TUittle in 24 hours.

Blues: Iris Kaempfert, Ins sibirica, Primrose, Viola. -
Reds: Papaver, Primrose, Tropacolum.
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Degrees of fading—complete or almost complele in 24 howrs.

Blues: Aconitum, Anchusa, Campanada, Delphinsum, Digitalis, Gentiau,
Lathyrus, Linwm, Lupin, Salvia.

Reds: Begonia, Dahlia, Paeony, Pelargonswm, Rhododendron, Rose,
Salvia.

Since the fading takes place so irregularly, it would seem to be due
to some inherent differences in sub-groups of the anthocyanins. Will-
stiter considers that the fading is caused by change to a colourless
isomere and occwrs ¢n witro among the blues but not among the reds,
i.e. according to him in alkaline but not in acid media; but since there
are some blues which do not fade except when they occur as greeus
towards the alkaline end, aud some reds which soon fade, this rule
cannot be said to have a universal application unless the acid or alkali
is relatively strong?.

SUPPLEMENTARY REMARKS.

1. On PL VIII, besides the three typical examples and Iris Kacmpfers
which have already been referred to, two series of Salvia ave given
to show the remarkable differences between them. It seems clear that
in the blue Sulvia patens the red anthocyanin, and in the red Salvia
spléndens the blue one, has been entirely eliminated. On the other hand,
a lavender-coloured Salwia (S. farinacea) ranks with the intermediates,
though it is not altogether typical, and probably contains both blue and
red elements. The blue Salvia is of itself remarkable in that the blue
colonr extends over such a wide range, pH 4-8, a ¢uite unique experience,
since in no other case has blue been observed over more than three pH
integers, and usually one or two only. '

9. The red Linum and red Primrose belong to sub-group B of the
intermediates. They ave neither of them clear red, although they could
hardly be called magenta or pink, except for the paler shades of the
Prinwose, and have the peculiarity of twning purple on pounding to a
pulp, or on drying out—indicating that the cell contents may be more
“acid than the sap in the vessels external to the cells. Selective perme-
ability of the cell membrane may possibly account for this phenomenon.

3. There are certain flowers classed among the blues, e.g. Clematis,
Iris Kaempferi, Lathyrus odoratus, which would be considered purple
rather than blue, and be expected to rank with the intermediates. In
these instances the purple is perhaps due to some deviation in vivo from

* Willstéter: mumerons arbicles in German. chemical journals, and extensively guoted
by Ouslow in The Anthocyanin Pigments of Planis, 2nd edition, 1925.
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the usual reaction of the sap, and not to admixture of red. If this is the
case, one could not expect to get a really blue Lathyrus for example,
and the so-called blues are probably diluted puvple. The slight differ-
ences noted m the table between the purple and blue Lathyrus are
probably due to the more diluted colonr of the latter.

Genetically the bicolor purple wild pea has been shown to contain
both blue and red pigment, but the gavden self-purple tested by s shows
no evidence of red, at least as judged by the standard suggested here.

4. Among the intermediates one would not expect to find Anchusa,
but if the sap is of the 1ight pIL for blue, the infliuence of the red in the
flower itself might be masked, although, in vitro, the purple at pH 8 and
9 seems to indicate its presence, and it is significant also that the flowers
are a purple-red at an early stage and only appear to be a pure blue when
fully open, as with the Borage family in general. The blue Lupin also
affords evidence of the presence of red, and one can surmise that the
recently introduced red strains are due to elimination of the blue to-
gether with intensification of the original red, but a red Lupin has not
yet been tested.

5. At the end of the table a special class has been provided for
aberrants. Anagallis (blue) is the only flower so far tested which cannot
be placed among the regular groups. A red Anagallis should givesin-
teresting results, but has not yet been available. Perhaps the lavender
Salvia and red Linum should have been classed as aberrant, since neither
of them is quite typical of the group to which it has been assigned.

Although these experiments are not in any sense genetical of themn-
selves, they seem to have some bearing on the subject, and to explain
to some extent the nature of the colour factors, viewed from a different
standpoint to that taken by Onslow (op. cit.). On our original asstanption
that all anthocyanins are red in acid and blue in neutral or slightly
alkaline media, it has always seemed difficult to understand how colour
mutations could arise, since one can hardly suppose that the actual
reaction of the sap could be changed all at once, without affecting the
general growth of the plant in any way®. Butoit realising that there are
two distinet groups of anthocyanins, one of which is never blue at-any
pH value, the question of sap reaction does not arise.

1 Tathouwers, for example, in Campanule medivm (Acad. Roy. des sciences de Belgique,
1922, T. 1v, fasc. 8), recognises two main colows, violet and red, ascribing to the violet a
factor which renders the sap more alkaline than that of the red flower; but he offers no
proof that this is actually the case. :
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Nore.

In Haas and Hill, Chemisiry of plant products, Fourth ed. 1928,
. 336, we find: “The occwrrence of a red, blue, or purple pigment,
either dissolved in cell sap—the exact colowr depending on the acid,
alkaline or neutral reaction of the cell sap—(or in an amorphous or
crystalline state as in Delphinium and many other plants) is generally
ascribed to the preseuce of anthocyanins.”

(In another paragraph, p. 345, they except the beet, and Chenopo-
diaceae generally, which give a pwrple reaction with acid and yellow
with alkali.)

Again, on p. 345, “Solutions are turned ved by acid and blue by
allali; owing to the almost universal contamination by flavonols, the
crude aqueous extracts of anthocyanins usually give a green coloration
with alkali, due to simultaneous production of blue and yellow.”

Onslow (op. cit.), p. 50, also discusses the nature of the green colora-
tion and gives references. Haas and ITill’s views ave largely taken from
Willstatter and Onslow.

SUMMARY.

According to the reaction of coloured flowers in media of varying

hydrogen-ion concentration, their anthocyaning can be differentiated
" into two main groups, which may conveniently be called the blue and
the red.
’ The anthocyanin of the blue group is a lake red at pH 3, passing
~ through pink and violet to blue at about pE 7, and to green at the
alkaline end of the series; the green being due to influence on the blue
of flavones, which are yellow in alkaline media.

That of the red group is a vermilion red at pH 3, and passes through

_ varying shades of red and pink to hrownish purples in the more alkaline
- media. Theve is no blue or green at any hydrogen-ion concentration,
~and the brownish tints are caused by admixture of the yellow flavones.

TFlowers of intermediate shades of purple to magenta or pink coutain
for the most part both blue and red anthocyanins in varying proportions.

It need not therefore be assmned that the sap of the purple or red
flower is necessarily more acid than that of the blue flower, although in
some cases the blue pigment alone may be present, but appear violet or

purple-red on account of the acidity of the sap. @

CVISION

TECHNOLOGIES
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EXPLANATION OF PLATE VIIIL

Phe nuntber ab the head of cach colnmu indicates the pH hydrogen-ion concentration.

Row 1. Typical example of a clear bine flower; blue ab abonb pH 7, changing to green at
the alkaline end on accouut of tho yellow flavones.

TRow II. Typical example of » clear red flower; 110 blue or green, but with brownish tints
towards the atkaline end, dne to yellow flavones.

Row IIT. Typical example of an intermediate magenba or pink flower; both blue and red
pigments are present. ‘ ’ ’

Row IV. Salvia patens. Clear blue. Unusually wide rauge of blue.

Row V. Salvia splendens. Clear red. No blue or green.

Row VI. Iris Kaempferi. Purple bine. Blue at pH 8 and 9. Little flavone and therefore
little green.

For the original of the coloured plate we are indebted bo Mr A. J. Wise of the RIS,
Wisley Clardens.

TABLI I

Blue flowers.
pH-> 3 4 5 6 7 8 9 10 11
Aeonitum Pink Pink- Violet Violeb- Blue Green Green Green Green
violeb blue
Aquilegia Red Violet- Violeb- Blue Blue Green- Blue- Green Green
' pink blue blue areen
Campanule Red Violat- Violeb Violeg- Blue Green- Green Green Grecu
piuk blue blue .
Clemaits Pink Pink Violet Violeb Blue — Gireen Green Green
Delphinium Red Violeb Blue Blue Blue Cg'lcelh Green- Green Green
ue
Gentian Pink Violel Violet- Blue Green- Blue- Green Green Green
(acaulis) blue blue green '
Gentian Pink Violeb Violet- Blue Green- Blue- Green Green Green
(asclepiada) ) hlue N blue greeu
Iris Kaempfers  Red Piuk Violet- Violeb Violet- Blue Blue Grreen- Grecu-
pink blue blue blue
Lathyrus Red Pink Violeb Violeb Blue Blue Gireen- Blue- Greent
(Pruple) . i blue greent
Latharus Pink Pink Violeb Violeb Blue Cireou- Blue- Greer Green
(Blue) - blue - green
Lanaamn Red Pink Piuk- Violeb Blue Green- Blue- Green Green
. violeb blue green
Priwnrose Red Pink Violeb Violeb Blue Blue Green- Blue- Green
: blue green
Salvia Pink Blue Blue Blue Blue Blue Green- Green Green

blue
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TABLE II. Clear red flowers.

pIH— 3 4 5 6" 7 8 9 10 1l
Begonia Verm, Verm,- Pink Pink Purple — Browu-  Purple Purple
pink purple
Dahlia Verm, Orange Orango Orulug(:,- Orange- Red Red Red Red
’ red red
Lathyrus Verm, Verm.- Pink . Pink Pink Pinl Purple Purple Purple
pink )
Pagaver Vo, Vlcrm.- Pink- Red Purple-  Purple-  Red- Red- Red-
(orientalis) red red red red purple purple purple
Papaver Vernu Verm., Pink Piuk Orange-  Orauge-  Red- Red- Red-
(Rheas) brown brown purple purple puple
Rose Verm. Pink Pink Pink Purple Red Red Pink Brown
Salvie Vern, Veru,- Verm.- Red Purple-  Purple-  Purple Purple Purple
pink pink red red
Tropacolum Verm, Vern Red- Red Purple-  Purple-  Purple-  Purple-  Purple
yerm, red red red ved
Aeld Pelargonium ~ Verm, Pink Pink Pink’ Violet Violet Purple Purple Purple
Rhododendron  Verm., Red Pink Violet Violet Purple-  Purple-  Purple-  Brown
red red red
Note. The so-called Purples have in reality a brownish tinge, but not sufficient to be designated us Brown: purple,

TABLE III. Intermediaie flowers.
Sub-group A. More Dlue than red.

3 4 5 G 7 8 9 10 11
Anchuse. Red Pink Violet Blue Blue Purple Purple Blue- Green
green
Digitalis Red Pink Pink Violes- Violet- Pink Brown-  Green Green
pink blue pink
Iris stberica Red Violet~ Pink- Violet Blue Blue Purple Green Green
} pink violet
Lapin Red Violet- Violet Violet Blue Blue- Brown Green- Green
pink . » hrown brown
Salvia Violet~ Brown-  Yellow-  Viole§- Violet- Violet Blue- Green Ghreen
(farinosa) pink yellow brown hrown brown green
Viola Red Pk Violet Violet- Blue Purple-  Purple Green Gireen
blue blue
’ : Sub-group B. More red than blue.
Dallie Red Piuk Pluk Violet- Violet Red Red- Green- Brown-
red A hrown hrown green
Linum Verm, Red- Violet Violet Blue Purple-  Purple-  Purple Purple
pink vecl red :
Primrose Red Red Pink Violet Violet Violet Purple Purple Green
Rose Verm, Pink Pink Violet- Violet Red Purple-  Green Grecen
pink red
Sub-group C. Aeid.
Pacony TRed Pink Pink Pink Violet Violet Blue Green- Green
. blue
Pelargoniwm Veri, Pk Pink Violet Violet Violet Blue Green- Green
blue
LBhododendron Red Pink Violet- Violet- Violet Violet- Blue Green- Green
pink pink blue blue
. Whate flowers.
Dahlia White White White Yellow,  Yellow, Yellow, Yellow, Yellow, Yellow,
pale pale deeper deep deep deep

Iris Kacmpferi * White White White Wlite White White Yellow,  Yollow,  Yellow,
shight slight stight

LRhododendron White White White Yellow, Yellow,  Yellow, Yellow, Yellow, Yellow,
: : stight slight pale deep deep deep
Rose White White White Yellow, Yellow,  Yellow, Vellow, Yellow, Yellow,
slight slight pale deep deep deep
Aberrant.

Anagallis (Blue)  Red Violet Blue Purple Green Green Lurple Purple Purple
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