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INTRODUCTION

The anthocyanins are responsible for the blue, purple and

red colors in many flowers. Although this fact was known for many

years, it has been only during the comparatively recent times that

the specific anthocyanins and anthocyanidins responsible for the

color in flower petals of some of the important ornamental flowers

were identified. Very often more than one anthocyanin was present

in a particular t>lant species and this made the identification of

anthocyanins and anthocyanidins very difficult. The application of

paper chromatography in the identification of anthocyanidins is a

very recent technique which has proved useful in the identification

and seDaration of anthocyanidins. The presence of sugar moiety

in anthocyanins often presents considerable difficulty in the iden-

tification and separation of anthocyanidins. To identify the antho-

cyanidins, the sugar moiety must first be removed by acid hydrolysis,

The sugar, which can be of more than one type, not only affects the

color but also makes the separation of the pigments difficult.

It is rather surprising that though some work has been done

on the identification and isolation of anthocyanidins in Euphorbia.

(2) and Tulip (2$), the common horticultural geranium has been

neglected as far as the work on the anthocyanidins is concerned.

The nurpose of the present investigation was to isolate and

identify by chromatographic and spectrophotometric methods, the

anthocyanidins in the flower petals of three varieties of cornmon

cultivated geranium. ( Pelargonium hortorum)



REVIEW OP LITERATURE

The innumerable shades of blue, purple, violet, mauve

and magenta, and nearly all the red, which appear in the flowers,

fruits, leaves and stems are due to anthocyanin pigments. By com-

parison with other compounds the anthocyanin pigments of slants

have received considerable attention. These coloring matters have

sometimes been spoken of as water soluble pigments, since they are

in a state of solution in the cell sap, as contrasted with those

which are in some way bound up with the structure of the organized

protoplasmic bodies known as plastids.

The word anthocyanin was first coined by Marquart (1*9) who

used It for the red, violet and blue pigments of flowers. Man»s

interest in the color pigments, however, started much earlier.

Boyle (13) in the year 1664 published the results of his experi-

ments on changes in color on the addition of acids and alkalies to

extracts from flowers and other parts of the plant. Malpighi (48)

gave an account of the histology of the colored pigments. Grew

(24) in a series of lectures given before the Royal Society, London,

England, discussed the general considerations on the colors of

plants end views as to their origin. Kacaire-Princep (47) stated

that the red figments are oxidized chlorophyll. Candolle (18) classi*

fled vegetative pigments into two series, xanthic and cyanic. As

stated earlier, Marquart (49) was the first to use the word antho-

cyanins for the red, blue and violet pigments of flowers. He be-

lieved that they are formed by the dehydration of chlorophyll. To

the yellow pigments of plants he gave the name anthoxanthin. Onslow



(52) states that the terra anthocyanin was retained in the same

sense to the present day in which sense its coiner had used it,

though other rival terras which are now obsolete, such as erythro-

phyll, cysnophyll and cyanin have been used from time to time.

keigert (72) by qualitative tests differentiated anthocyanin

pigments into two groups. Kruths {1+2.) gave a detailed account of

the biological significance of anthocyanina in plants. The mor-

phological and histological distribution of plant pigments was

described by Buscalioni and Pollaccl (16). Grafe (23) reported

the preparation and analysis of anthocyanin pigments in hollyhock

( Althea rosea ).

The fact that anthocyanins are present in plants as glycosides

was brought forward by Willstatter and his collaborators (75-100).

They said that these pigments belong to a group of glycosides, the

sugar free pigments or aglycones of which are called snthocyanidins,

Whcldale (7i+) in the year 1916 published the book "Anthocyanin Pig-

ments of Plants." A revised edition of this book was published by

Onslow (52) in the year 1925. The book describes in great detail

the morphological and histological distribution of anthocyanins,

their isolation and constitution, factors influencing their forma-

tion and the genetics of anthocyanins. Willstatter et al (82) in

a series of articles published from 1913-192i|, did pioneering work

on the various aspects of anthocyanins. Investigations by Karrer

(3k) t Robinson (57) and Willstatter and Well (90) have revealed

that anthocyanins are found in chloride form, in the form of eight

snthocyanidins. The structural formulas of anthocyanins have been

given by them (3i|) (36). Willstatter et al (82) have pointed out



that the various anthocyanidins are relatives of 2«phenylbenzo-

pyrilium, usually found in the form of it a chloride, and as such

designated as the flavilium chloride. Villstotter end Mallison

(85) state that by treating anthocyanidins with potassium hydrox-

ide, two products, a phenol and a substituted phenol-carbolic acid

are obtained. They further add that pelargonidin chloride which

is an anthocyanidin, is decomposed into phloroglucinol and p-hydro-

benzoic acid, Willstatter and Well (90) stated that by boiling

the anthocyanins for a short time in 20 percent acid the pigments

may be split into anthocyanidins and sugar components. Karrer et

el (35) (36) point out that oxidative degradation with hydrogen

peroxide results in certain anthocyanins in oxidation products

which are still closely related to the original anthocyanins.

Robinson and Robinson (54) surveyed the work to 1931* They

also published a detailed list of plants Indicating the anthocyanin

pigments they contain.

Jonesco (33), Rosenheim (61) *nd Schriner et al (64) state

that anthocyanidins have been observed in plants only in rare cases.

They further add that as a rule they occur in nature attached to

one or more sugars as anthocyanins. Blank (14) is of the opinion

that the anthocyanins appearing in nature are partly mono- and

partly di-glycosides. Sugars like glucose, rhamnose, galactose

and gentiobiose have been isolated as sugar components. One of

these sugar molecules is always attached at the 3-position. If a

second sugar molecule is present, it is either coupled with the

first or attached to the anthocyanidin in the 5-T>osition. Robinson

(59) divides the anthocyanins appearing in nature into the following



groups

.

1. 3-monoglucosides and 3-monogalactosides

2. 3-rhamnoglucosides and other 3-pentoseglycosides

3. 3-biosides

4. 3-5-digluco sides
5. acylated anthocyanins

Willstatter et al (81) state that 3-5-diglucosides are the

most widely distributed in nature; they are also the best known.

Blank (lk)$ Robinson and Robinson (5$) and Scott-T'oncrieff

(67) reported that variation in sugar moiety of the anthocyanin

pigment affected color. They found that monoglycosides were redder

than the corresponding pentose-glycosides, while 3-biosides and

3-5-diglycosides were bluer.

Blank (lU) has reviewed the anthocyanin work done until 19U7.

Vihile discussing the properties of anthocyanins he states that all

anthocyanins are soluble in water, as is shown by the fact that

they are present in the cell sap of vacuoles. The anthocyanidins

on the other hand are not soluble in water. The glycosides are

insoluble in non-hydroxylic solvents such as ether, chloroform and

benzene. Molisch (51) discovered the important fact that the antho-

cyanins in solution produce well crystallizing products when treated

with acids. This fact was used by Willstatter et al (100) in the iso-

lation and purification of pigments. Blank (14) points out that

anthocyanins were shown to be amphoteric substances which build oxo-

nium salts with acids.

Regarding the presence of more than one anthocyanin in plants,

Blank (ll|) remarks that they are usually found as mixtures in

plants. The components of these mixtures may be separated either

by fractional crystallization of picrates or by the use of



chromatographic adsorption technique. Karrer et al (35) state

that numerous anthocyanins change into a colorless modification,

the pseudobase, in very weak, acid, neutral and specially alka-

line solutions. In the last the oxonium salts can be regenerated

by the use of strong acids. Blank (ll|) remarks that in solution

the oxonium salts of anthocyanins are red in color; nevertheless,

the Individual types can be distinguished by the shade of color.

Karrer (3k) points out the fact that in aqueous and alcoholic

solutions, the anthocyanins and anthocyaridins which possess two

neighboring phenolic hydroxyl groups, show a color change towards

violet and blue with ferric chloride. This sensitive reaction is

not present with other anthocyanins and anthoeyanidins. Robinson

and Leon (60) have made use of the resistance of very dilute pig-

ment solutions to ferric chloride in order to ascertain whether

position 3 of the anthocyanin or of the anthocyanidin has a hydroxyl

group or not. Blank (11+) remarks that anthocyanins show Increased

blueness with increase in the hydroxyl groups and change from 3-

to 3-5 sugar types. He further adds that methylation of one or

more hydroxyl groups on the other hand increrses the redness of

these pigments. Karrer (3^) has listed some of the important pro-

perties of anthoeyanidins.

Schou (63) states that the anthocyanins and anthoeyanidins

have approximately the same absorption spectra. These compounds

absorb very strongly in the investigated ranges of 2000 A° to 6200

A and an absorption maxima is present in the visible range. He

investigated various anthocyanins and anthoeyanidins and found a



band at about 2700 A°. Hayashi (29) investigated the absorption

spectre of flavilium salts, and the relation between light ab-

sorption and hydroxyl and sugar substitution.

Willstatter and Schmidt (97) and Willstatter et al (98) in-

vestigated the synthesis of cyanidin chloride and other anthocy-

anidins. Robinson (59) has apr>roached the problem of the synthe-

sis of anthocyanidins and anthocyanins from an entirely different

angle by using condensation of ortho-hydroxy-benzaldehydes with

appropriate ketones followed by ring clo; are. This procedure was

originally adopted by perkin (53)

•

Willstatter and T-Jallison (78) first recognized that colors

of plant tissues containing anthocyanins are not due to anthocy-

anins themselves but also to many other factors. Blank (3.J4 } be-

lieved that color might not only be due to anthocyanins but also

to the changing amounts and mixtures of them, to alteration in the

pH of the cell sap, to variable ash content of the latter, to co-

pigmentation and to the colloidal condition of certain other com-

ponents of the sap.

Willstatter and Everest (76) recognized the significance of

reaction of cell sap for alteration of color, Buxton et al (17)

and Robinson (59) concluded that blue varieties r>ossesa a higher

pH than the red varieties. He further added that these differences

are too small to explain the difference in colors.

Karrer et al (35) have determined the ash content of various

red and blue flower petals. They concluded that blue petals con-

tained more ash than the red petals. This evidence is regarded

as a proof that the color of red flowers is determined by the
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oxoniuiu salts, whereas that of the blue flowers is determined by

alkaline salts or by those of the alkaline earths of anthocyanins.

Mihailescu ($C) noted no differences in the ash content of the red

and blue flower petals, Lawrence et al (1^6) state that the pig-

ment of the red and blue flowers is delphinidin.

Jonesco (33) pointed out the simultaneous presence of antho-

cyanins and tannins and their resultant additive complexes. Currey

(.0) made similar observations on rose petals. He found that the

cause of blueing in rose petals was insu-Yicient tannin in cell

sap of the petals and that tannins are cepable of forming the oxo-

nium salts with the anthocyanin pigments. Robinson and Robinson

(5^) did some more work on this problem and designated it as copig-

mentation, Lawrence (kh) carried out research on the interaction

of anthocyanins and flavones. So far the pigments occurring in

nature are anthoxanthins (flavones and flavonols) and tannins. He

further reported that bluing phenomenon is not the result of salt

formation but is evidently the result of formation of weak addi-

tive complexes, and varies according to copigment and anthocyanin

concerned. Blank (11^) states that since deviations in pH are

usually insufficient to explain alterations in color of antho-

cyanin containing tissues, the condition of the pigment in solu-

tion becomes extraordinarily important together with that of co-

pigmentation.

Robinson and Robinson (5>6) developed a number of quantita-

tive tests based on the chemical behavior of anthocyanins and

anthocyanidlns prepared synthetically or isolated from natural

sources t Using these tests they made a detailed survey on the
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occurrence of anthocyaridins in the vegetable kingdom. Apart

from the flowers, the other anthocyanin containing organs of the

plants were also investigated. Schmid and Korperth (62) likewise

investigated a series of flower extracts by means of this proce-

dure*

The cytology of the plants with reference to anthocyanins

was investigated by Herzfelder (32), and it was found that antho-

cyanins are round ir. the cell sap in the majority of caeca. Crys-

tallized anthocysnin has occasionally been detected in the cell

plasma. Investigations on anthocyanins in the exines of pollens

of various plants have been carried out by Bodmer (12) and Schoch-

Bodmer (66).

The factors affecting formation of anthocyanins in plants

have been studied by various workers. Kosaka (i;0) observed favor-

able influence of strong illumination in promoting formation of

anthocyanins. Chi-Yuen-Chia (19) was able to attain a significant

decrease of anthocyanin content in Amaranthus odoratus by decreasing

illumination. Continuous illumination caused a discontinuation

of formation of the r>igment in his experiment. His results are in

eccord with the results obtained by Karstens (38) end Kuilman (1?3).

These authors emphasize the fact that a photochemical as well as

a dark reaction are neeessary for the formation of anthocyanins.

Semmens (65) states that polarized light is able to change

the anthocyanin into anthocyanidins in germinating seeds of gera-

nium and other plants. Flint (21) # Kosaka (kO) and Kuilman (i>3)

have investigated the influence of temperature on anthocyanin
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formation* Since In a najority of eases the plgnent was not ex-

tracted tsnd then quantitatively detenained a great winy contra-

dictory reports hare appeared. close (73) working uith Feler-

goniim and £reraniug sp^. observed that low temperatures have an

unfavorable influence on the fonaation of anthocysnins. Other

workers (22) (41) have concluded that low tesaperGturec have a favor-

eble influence on the formation of ii thocyanlns. Stelnecke (7C) #

Vo^ol (71) and Woodaan (101) have noticed an increase in the antho-

eyenin fonsation in the case of food starv tion# Gassner and

Strelb (22) have investigated the formation of anthocysnins with

deficiency of phosphorus, potassium crd nitrogen* They observed

that red coloration due to increased production of rnthocyanins is

increased by addition of potassium in the nutrients, whereas addi-

tion of nitrogen and phosphorus decrease the pignent content.

Specific work on the identification bx£ isolation of anthc-

eyanin and snthocyanidin pigments is fairly recent* The first

specific work on the identification of anthocyanins of Pelargonium

was done by Villstatter and Kallison (78), They isolated and ana-

lyzed the pigment in three varieties of PolgrgoniUKU They conduced

that felargonlun sonale var» «?foteor» has pelargonin and the bluish

pink Pelargonium peltstum haB the sent pl««M*» Polargonlun s^nale

v&r. "Violet Red** was found to contain eyenin accompanied by s

little pelcrgonin. This they eay is the first case that has arisen

of a variety having two anthocysnlns. The ruthore strte thct vari-

ation in flower color largely depends upon the presence of other

substances - acids, alkalies, salts, etc., in the cell sap.
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Villstetter and Bolton (79) were the first to identify the pigments

from ratals of Tulips gesneriana . They found thrt the scarlet red

color of some varieties was due to a mixture of cyanidin diglueo-

side (Cyanln) and carotinoids. Robinson and Robinson (5H found

that the garden tulip contained either a mixture of cyanidin and

pelergonidin blosides or cyanidin biosides pnd delphlnidin diglu-

ccside. They further renrrl-ed that 'he identification of entho-

cjE.yJ.ns of tulips ttai much more difficult than those of r-ost other

plants*

Robinson and Robinson (54) examined 3k varieties of tulips

and separated them into two groups. They stated that there was one

group in which pelergonidin and cyanidin occur as 3-biosides and

then, apparently with a rather sharp separation, a second group

containing »delphinidin derivatives* sometimes with cyanidin bet,

"They are free from pelargonidlns.

The possibility of applying filter paper chromatography to

the study of sap soluble plant pigments was discussed by Bate-smith

(k)m He pointed out that the anthocyanidins and their mono- and di-

glucosides form spots iv'ell differentiated in their Rf values and

give characteristic color reactions with ammonia vapor. He further

points out that anthocyanidins (aglucones of anthocyanins ) have to

be run under standard conditions of temperature, composition of

flowing solvent and the solvent in whioh the substance is applied

to the paper. He stressed the importance of mineral acid in con-

siderable concentre tion to prevent the decomposition of anthocyanins

during the run. Bate-smith (9) has listed in great detail the
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factors vhich might rffect the Rf vrlues and the precautions to be

taken for getting the correct Rf, In pnother paper (5) the seme

author has described the method for the detection of leuco-aritho-

cyanina and the chromatogrt -hie identification of the anthocyani-

dins from thera by boiling with mineral ecids. Blank (Hi) says that

the anthocyanins usually appear as mixtures in plants and may be

separated either by fractional crysi llization of picrates or by

36 of chromctoj. -r.phlc adsorption technique. Earrer and Vidmer

(37) separated mixtures of pigments by swans of chromatographic

adsorption technique. Willstatter and Mallison (78) were able to

isolate a mixture composed of cyanin and a little pelargonidin

from a violet red variety of Pelargonium. Bate-smith {£) in another

paper has Improved the technique of separation of figments and

applied it to the pigments of leaves and other tip sues in numerous

plant species. He ->ublished the results of anthocyanin work or

many important plant species including Thea sinensis and Cinnamo-

mum serlcum. He concluded that except in Rosacere and a few Legumi-

nosece (v;hich appear to contain leuco-peonidin), the leuco-entho-

cyenins a^pe r to be restricted to leuco-cyanidins end leuco-delphin-

idins. He published a detailed of many families in dicotyle-

dons and a few families in monocots, Gynnosr>erms and Pteridophyta,

indicating the plants end the anthocyanins they contain.

Many solvents have been used by various workers for running

anthocyanins and anthocyanidins in the chromatographic chamber.

Bate-smith (5)» while discussing the merits of other solvents, has

stressed the superiority of Porestal solvent supplied to him by Dr.
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White of the Forest " rd, Timber and Railway Co. Harpenden.

Herts. Bate-smith (5) has listed the Rf values of various artho-

cyanidins and anthocyanins in 3 different solvents including the

Forenttl solvent, Bate-smith and Vestell (7) suggested maintain-

ing a low pH of solvent during chromatography to prevent the antho-

cyanidins from fading out. This was achieved by them by using

the upper layer of the mixture of n-butyl alcohol :?::-'..Cl (l:lv/v).

Ase, (2) has invest' :ated the ^nthocyanidins end anthocyanins In

Euphorbia pulcherrima by paper chromatographic methods. He has

published the Rf values of anthocyanins and anthocyanidins of

Euphorbia DUlcherrima in three different solvents, Halevy and Asen

(25) stated that the isolation and purification of anthocyanins

were accomplished by column chromatography in their research with

tulips. They found that the variety Pride of Haarlem contain;

derivatives of delphinidin, cyanidin and pelargonidin. These authors

further add that a third group could be added to the classification

of Robinson and Robinson (5'U). Robinson and Robinson (56) had

stated that the tulip varieties could be grouped into two groups

t

1. those v rieties containing pelargonidin and cyanidin as 3-bio-

sides, and 2. those varieties cc< raining delphinidin derivatives,

soraetimes with cyanidin but free from pelargonidins. Halevy and

Asen (25) add as the third group those varieties containing deri-

vatives of delphinidin, cyanidin and pelargonidin as found in the

variety Pride of Haarlem. Asen (2) identified the anthocyanins

and anthocyanidins in the bracts from Euphorbia pulcherrima plants

in three varieties by paper chromatographic end snectrophotometrlc
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methods. He concluded that anthocyanins in the bracts from all

the Euphorbia varieties examined were identical* The Rf values

for the anthocyanidins studied have been listed, Halevy and Asen

(25) identified the anthocyanins from the Tulip varieties Smiling

Queen and Pride of Haarlem. The Rf values of the anthocyanidins

from these varieties were listed in three different solvents and

compared with the Rf values of authentic anthocyanidins for the

purpose of identification. The anthocyanidin from the tulip vari-

ety Queen of Hight was identified by Shibata (68) as delphinidin

rharanoglucoside, and Shibata and Sakai (69) Identified the antho-

cyanidin of the variety Eclipse as cyanidin rhamnoglucoside. There

is a wide range of complexity in the anthocyanidin constitution of

tulips ranging from the simple one component found by Shibata (68)

and Shibata and Sakai (69) to the complex multiple compounds found

by Robinson and Robinson (54). Hall (26) and Beal et el (10)

studied the anthocyanins of most species of the genus tulips and

found that two sub-genera differed in their anthocyanin constitu-

tion. Only pelargonidin and cyanidin were found in Leiostemones

and only cyanidin and delphinidin derivatives in the Eriostemones.

The anthocyanin in all cases was a pentose glycoside. The most

recent work on the anthocyanins of detached petals of Impetlens

balaamlna is that of Klein and Hagen (39). They examined the antho-

cyanins in the detached petals of Impctiens balsamina and gave de-

tails of Rf valie s, etc.

The absorption spectrum has been used as a reliable guide for

the identification of anthocyanins and anthocyanidins. Schou (63)
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stetes that the anthocyanins and anthocyanidins have approximately

the same absorption spectra, Bate-smith (5), Asen (2), Helevy and

Asen (25) and Klein and Hagen (39) have all used the absorption

spectra as a guide for the identification of anthocyanidins and

enthocyanins. The absorption maximum does not differ very much

for a given anthocyanin and its anthocyanic in. The absorption maxi-

ma as obtained by the above workers ore as follows for the antho-

cyanidins: Pelargonidin, 530 mu.; Cyanidin and Peonidin, Sk$ rau.;

Delphinidin and Malvidin, $^S mu. Asen (2) and Bate-smith (5) heve

given the maximum for Petunidin as SS$ mu., but Halevy and Asen

(25) got a higher value for the same anthocyanidin. They gave 557

mu. as the value for Petunidin. The absorption data were obtained

by means of Beckman D. U. Spectrophotometer.

MATERIALS AND KbTHODS

The initial work was begun with geranium (Pelargonium hortorum )

variety Red Irene. Red Irene is an important commercial variety of

geranium having large double flowers of scarlet red color. A con-

tinual source of flowers was obtained from plants growing in the

horticultural greenhouse. Freshly opened flowers of this variety

were used for the determination of anthocyanidin pigments in flower

petals. Preliminary work Indicated that it has given two bands of

pigments upon chromatographic separation. One of these was a major

pigment and the other a minor one. To determine whether two antho-

cyanidins were peculiar to this variety alone, two additional gera-

nium varieties, Madam Saleroi and Pink Barney were included in the
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study. The flowers of Ksdam Saleroi are orange red in color (Plate

1). It is a single flowered variety having variegated foliage.

Pink Barney is a double flowered variety with clear pink colored

petals. All plants were grown under similar conditions in the

horticultural greenhouse.

Extraction of Pigments

Freshly opened flowers of these varieties, free from disease,

insect attack or other types of damage, were used for the determi-

nation of anthocyenidins . Care was taken to use the petals as

soon as possible after picking the flowers from the plants. Antho-

cyanidins are usually not found in nature as such, but occur as

anthocyanins, in combination with sugars. For the determination

of anthocyanidins, the anthocyanins must first be hydrolyzed to re-

move the sugar moiety. The petals were removed from two flowers

of each of these varieties. Each sample, weighing 0.5 to 1.0 gram

was placed in a test tube and 5 nl« of 2 I HC1 was added to the

tube. The petals were crushed by running a homogenizer into each

tube for 2 to 4 minutes. After this treatment the petals were well

crushed end formed a thin paste with HC1. Next 3 to 5 ml. of 2 N

HOI was aoplled to the sides of each tube to wash down the crushed

petals. The test tubes were placed in a steambath for hydrolysis.

Complete hydrolysis is essential for the determination of antho-

cyenidins. The time allotted for hydrolysis is therefore very impor-

tant. In the present study, time intervals ranging from thirty

minutes to three hours were tested. It was found during prelimi-

nary investigations that after thirty minutes of hydrolysis, more



EXPLANATION OP PLATE I

Flowers of Geranium Varieties Under Study

Right t Var # Red Irene

Middle : Var. Medea S&lerol

Left! Pink Barney
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than tvo bands were obtained upon chromatography with the vari-

ety Red Irene, while longer periods of hydrolysis resulted in the

appearance of only two bands. This indicated incomplete hydrolysis

in half an hour. One hour vac found to be sufficient for complete

hydrolysis of all varieties tested; tine beyond one hour did not

increase the efficiency of hydrolysis. Hydrolysis for more than

two hours resulted in charring of the material, if the quantity of

II was insufficient.

After hydrolysing the materiel for one hour, the test tubes

were taken from the steambath and cooled by running water on the

test tubes. Three ml, of n-tutyl alcohol were added to each test

tube and shaken well. Butyl alcohol acts as a solvent for the

anthocyanidins . The top layer of butyl clcohol containing the

anthocyanidins was removed with a pipette and placed into another

test tube. Sometimes the initial quantity of butyl alcohol did

not -rove to be sufficient for dissolving the entire quantity of

anthocyanidins, and in such cases 2 to 3 ml, increments of butyl

alcohol were added until there was a complete separation of antho-

cyanidins,

Halevy and Asen (2£) have used iso-emyl alcohol instead of

butyl alcohol as solvent. It was pointed out by Ahuja (1) that

iso-arayl alcohol caused a brown color when heated with HC1 for

hydrolysis. In the present study this was confirmed. This dis-

coloration would affect the readings obtained on the Beckman D, U.

Spectrophotometer in determining the absorption maxima of antho-

cyanidins, K-butyl alcohol was used as a substitute for iso-amyl
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alcohol In the present study, Ver^ -11 quantities of Iso-amyl

alcohol v:ere needed to dissolve lnrge quantities of enthocyanidins.

Concentrated solutions of anthocysnidins sre necersary for chroma-

tography on Whatman No, 1 filter paper. This Is e possible expla-

nation for the use of 5ao-arayl alcohol in the investigations of

anthocyanidlns

.

Chromatographic Technique

Research (25, 2) hes shown that ~nore thnn one ^nthocymldir.

may be present in the same soecies In a particular variety, Antho-

cysnidins were separated by the use of ascending method of paper

chromatography, Bete-cmith (9) was the fir?t to use prper chroma*

tography for the separation of s nthocyan! d3ns. The procedure fol-

lowed in this research was similar to Bate-smith's procedure. The

solution of anthocyanidlns was placed at the base line of Vfectaui

Ho, 1 filter paper in the form of streaks, no wider then 1 cm. The

size of the paper depends upon the size of chromatographic chamber.

In the present study Whatman No, 1 filter paper of the dimensions

18-1/4 x 22-1/2 inches was used and a chromatographic chamber of

2 feet in height and 12 inches in diameter. Chromatographic chamber

is shown in plate II, It is a transparent glass Jar of the above

mentioned size with top side open. The open side vas closed by

a glass lid which fits tightly on the top making It air tight. To

prevent leakage modeling clay was used. In the bottom of the chro-

matographic chamber was placed a shallow pie dish of 10 inches dia-

meter, slightly smaller than the diameter of the chamber, in which
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was pieced the developing solvent. Whatman Ho. 1 filter paper on

which the anthocyanidin solution was streaked was rolled into a

cylinder and held in that position with the help of paper clips.

The folded cylinder of paper with the streaked end facing downwards

was lowered in the chromatographic chamber. The lower end of the

paper must be in solution in the dish of the chamber. To insure

uniform rising of the solvent and the pigment, it is very important

that the dish and the chamber be level. The anthocyanidin solution

also can be placed in spots on the filter paper. Research has

shown that whether it is put in streaks or spots on the paper, it

is very essential that a sufficient quantity of concentrated pig-

ment solution is applied. If the quantity is small or the solution

dilute, the different pigments will not separate clearly and there

will be a tendency to form a "tail" on the chroraatogram. This makes

the correct determination of Rf values very difficult.

Different solvents have been suggested for separation of antho-

cyanidins. Bate-smith (5) recommended Porestal solvent consisting

of acetic acid, hydrochloric acid and water in the proportion of 30:

3:10 v/v. The Rf value obtained for a particular pigment with a

particular solvent will be constant. The Rf values obtained with

the Porestal solvent for the authentic anthocyanidins have been

listed in table 2. In the present study, Porestal solvent alone

was used. This solvent must be allowed to age for a day or two before

use in the chamber. About 200 ml. of solvent was placed in the dish

at the bottom of the chromatographic chamber. The filter paper was

rolled and lowered into the chromatographic chamber. The Rf value



EXPLAHAT10E OP PLATE II

Chro:natogrephie chamber showing the filter paper folded

in the form of cylinder. Khile in use, the chancer is

covered with brown paper to keep off the light.

'
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PLATE II



2h

was calculated as the distance the solvent moved on the chromato-

grem divided by the distance the solute moved.

The time the paper is left in the chromatographic chamber is

an important factor influencing the Rf value. In the present

studies three different lengths of time were tried, 18 hours, 2i|

hours and 36 hours. During the preliminary investigations an effort

was made to determine the effects of different lengths of time in

chamber on Rf value.

After removal of the chromatogram from the chamber it was air

dried by hanging in a hood. The heights to which the solvent and

the solute rose on the paper were marked. The Rf value was calcu-

lated by taking a number of points both on solvent and solute front

and calculating the averages. The Rf values of the pigments isolated

were compared with those described in the literature. In a few

instances pigments of known identity (Synthetic pigments) have been

chromatographed on the filter -caper and Rf value of the unknown

compared with the Rf values of the pigment of known identity. This

procedure has revealed that the synthetic anthocyanidins supplied

by chemical firm were not pure and left a "tail" on chromatographic

separation. This made the accurate determination of the Rf value

very difficult. In the present study, therefore, identification was

done by comparison with Rf values described in literature and not by

running the marker of known Identity.

Rf values have been found to be affected by such factors as

time the paper was kept in the chamber, temperature of chamber and

the type of filter paper used. A record of temperature in the
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laboratory where tho cnromate**aphic chamber waa placed wea main-

telned. The average temperature during the experiraentel period

waa 80 dagreee P. and farled only by ± 2.

Spectrophotometrle Methods

Rf value alone cannot be taken aa a reliable guide for deter-

mining the Identity of unknown pigments. A further, end In feot

a more reliable teat la by determining the peak of maximum absorp-

tion by apectrophotometric methoda. For thie purt5oae the figments

after they were separated by chromatography were cut out from the

chrometogram, elu t ed with 0.01 * HC1 to methanol, end their

abaorption er>eetra determined with a Beekman D. U. Spectrophotometer.

Both entbocyenina and anthoeyanldlne have definite peaks of maxiswi

absorption In the risible spectrum. Theae peaks hare been worked

out for the authentic anthocyenidins end their values deaeribed In

the literature (25). The identity of the unknown enthoeyanidine

was determined by comparing their peaka of maximum abaorption with

the absorption maxima of the authentic enthoeyanidlwi described In

the literature end reproduced here in table 2*

Of the three geranium varieties under atudy, the variety Pink

Barney has given three pigments, one above and the other below the

major pigment. The varieties Madam Saleroi end Red Irene have given

two pigmenta, one major pigment and another minor one ebove the

major pigment. To determine whether the minor pigments above the

major one in all the three varieties la a aeparate pigment or ia •

reault of incomplete hydrolyaie, the minor figment in all three
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varieties was cut from the ehromatogram end e lut ed with metha-

nol containing 0,01 H HC1. This was hydrolyzed and again chroma-

tographed. On chromatography it did not separate into two pigments.

To insure complete hydrolysis, re-hyorolysis was done on e steam-

bath as veil as by heating on a hot plate to a higher temperature.

In the same way, the major band in the variety Pink Barney was

cut out from the chromatogram and el u t ed with methanol. This

was re-chromstographed to find out whether the band below the major

band was a separate pigment or had resulted due to Incomplete

hydrolysis of the major band.

The color of the major band in all the varieties did not appear

the same by visual observations. The differences of the geranliai

varieties under study are shown in plate I, To determine the dif-

ferences in color of the major bands of the varieties in the study,

all three varieties were read for their major bands in the Rapid

Scanning Spectrophotometer manufactured by the American Ootical Com-

pany. After chromatographic separation, the major bands in all the

three varieties were cut out. An effort was made to maintain uni-

form concentrations in all varieties, by streaking equal quantities

of pigment containing solutions on the paper. The major band cut

out was held against the source of light in the reflection attach-

ment of the Rapid Scanning Spectrophotometer.

The Rapid Scanning Spectrophotometer consists of three separate

units: (1) the transmission spectrophotometer, (2) the voltage

regulator, and (3) the reflection attachment (Plate IV). This ap-

paratus has been described in greet detail by Beitz (11). Before



EXPLAHATIOH OP PLATE III

showing the major and minor

bands In three varieties of geranium.

Left j Var* Red Irene

Middle; Var. Pink Barney

Bight: Var* Madam Saleroi
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reading the color of pigments, the machine has to be warned up for

half an hour. After this time an opaque material was inserted in

place of the sample so as to cut off all light from the spectro-

photometer. The up-down control was used to bring the cathode ray

trace into coincidence with the zero line of the scale. The opaque

material was then removed from the beam and the cathode ray trace

was made to coincide with 100 percent line by using the vertical

gain adjustment. The adjustment for the wave length calibration is

provided by use of the didymium filter. This glass Is c'- racterized

by narrow absorption bands whose wave lengths are well known. This

glass was inserted in the transmittal© compartment. Its spectrum

was then displayed on the cathode ray tube. The horizontal gain

knob and the right-left knob were used to oosition the ^ectrum so

that the wave lengths of absorption maxims coincided with those

given on the chart provided with the apparatus. The instrument is

now in adjustment. ^lien the major band cut out from the chromato-

gram was held against the source of light in the reflection unit,

its reflection curve appeared on the circular screen. The points

forming the curve were noted down. This curve was reproduced on a

graph by plotting the points read off of the screen. The reflec-

tance curves for the major bands in three varieties under study were

plotted on the graph after calibration factors were corrected. These

have been presented in plates V, VI and VII.

RESULTS

A technioue for the isolation and identification of anthocyanidins



J

EXPLANATION OP PLATE IV

Photo of Rapid Scanning Spectrophotometer,
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using n-butyl alcohol was evolved. Host previous studies were

conducted using dried petals with neutral lead acetate to precipi-

tate the anthocyanins. In this study fresh petals were used and

n-butyl alcohol was used as a solvent. Utilizing this technique,

the anthocyanidins v. ere isolated and separated by chromatographic

methods. The Rf values of the anthocyanidins in all the three

varieties under study were calculated. The Rf values were deter-

mined both by streaking the pigments on Whatman No. 1 peper and

putting the same in the form of spots. The final Rf valu- was eal*

culcted by taking the averages of these figures. These values for

the three bands of pigments in the variety Pink Barney and two

bands of pigments in the varieties Red Irene and Madam Saleroi are

presented in table 1. The identification of the anthocyanidins

was done on the basis of comparison of Rf values worked out in the

present study with those described in the literature for the authen-

tic anthocyanidins. The Rf values for the authentic anthocyanidins

described in the literature by three different authors have been

presented In table 2.

A study of the chromotograms prepared with the three varieties

under study showed a major band of pigment In all three varieties.

This major band was the bottom band in the varieties Red Irene and

Hadam Saleroi which separated only in tv;o bands (Plate III). The

variety Pink Barney separated into three bands of pigments. The

major band in this veriety was the middle band. Besides the middle

band {major band) and the top band, this variety had an additional

third band below the major band which was not found In the other
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two varieties.

A study of the above mentioned two tables containing the Rf

values indicates that the Rf values of the major bands in all the

three varieties fall within the renge of Rf values described in

the literature for pelargonidin. The range of Rf values for the

pelargonidin is between 0.68 and 0.76. In the present study the

average Rf values for the major bands of Red Irene, Madam Saleroi

end pink Barney were 0.74# 0.75 and 0.7^ respectively. These values

have been presented in table 3.

As these Rf values tally with the authentic Rf value of pelar-

gonidin it seems reasonable to conclude that the major band of pig-

ment in all the three varieties is pelargonidin.

The anthocyanidins have maximum absorption in the visible spec-

trum. The velue of this peak which is determined by the spectro-

photometric methods remains constant for a perticular anthocyanidin.

For the authentic anthocyanidins these values have been reported by

Bate-smith (5), Halevy and Asen (25) and Asen (2), and have been re-

produced in table 2. In the present study the wave lengths of maxi-

mum absorption were determined for the major bands in the three

varieties under study by the speetrophotometric methods, using &

Beckman D. U. Spectrophotometer. These values were read in methanol

containing 0.01 K HC1. The wave lengths of maximum absorption for

the major bands in all the three varieties have been presented In

table I. These two tables reveal that the wave length of maximum

absorption for the major bands in the three varieties comes very

close to the wave length of maximum absorption for pelargonidin. The
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ebsorption maxima for the major bends in the oresent study were

vithin the range of 528 mu. to 532 mu., the values read on the

Beckman D. U. Spectrophotometer remaining constant in that range.

The wave length of maximum absorption for pelargonidin has been

described as 530 mu. (2), (5) and {2$). As the maxima for the

major bands in the three varieties varies within the range of ± 2 vox.,

it seems sefe to conclude that the snthocyanidln in the major band

in all the three varieties is pelargonidin.

In the present study a new technique has been utilized for

measuring the reflectances of anthocyanidins of the major bands in

all the three varieties under study* Reflectance spectra were meas-

ured using a Rapid Scanning Spectrophotometer manufactured by the

American Optical Company. A photograph of this machine appeers on

plate IV, This spectrophotometer has been described by Beitz (11)

.

The reflectance spectra for the major bands of pigments of three

varieties under study appear on plates V, VI and VII. A study of

these curves shows that the curves for the varieties Red Irene and

Madam Saleroi are very much similar to each other. The curve for

Pink Barney is slightly different from the other two. The trend of

the curves in all the three varieties under study is the same. To

compare the curve on a uniform basis, a point where the curve tends

to be flet was chosen. This point was at the wave length of BkO mu.

The reflectance percentage at this point was compared with the

reflectance percentage at the lowest point at the curves for all

the three varieties under study. These ratios have been nresented

in table 4 (A). Similarly the ratios between the reflectance



35

percentages at UI4.0 mu. and reflectance percentage on a selected

point on the curve (614-0 rau.) were calculated for all varieties.

(Table k (B)) A study of this table shoved that the values for

the ratios in table k U) were quite close for all varieties under

study. The values in table k (B) were however not as close to each

other as the values in table (A). This indicated that reflectance

at 6^0 rau. was not the same for all curves, indicating the steep-

ness of the slope. This also showed that the trend for all the

curves under study was the same and the apparent dissimilarity in

curves was due to a difference in concentrations of pigments.

Besides the major bands previously described as pelargonidin,

the pigment of variety Pink Barney separated into two additional

minor bands, one occurring above and the other below the major band.

In the varieties Red Irene and Madam Saleroi there was only one

minor band besides the major band, this in both varieties was above

the major band. The Rf values for the minor bands in all the vari-

eties were determined. These values have been given in table 1.

The Rf value for the lowest minor band in the variety Pink Bar-

ney was 0.58. This value refers to the average value calculated

from a number of samples. The Rf value of 0.58 falls within the

range of Rf values given in table 2 for cyanidin, the range being

from 0.50 to 0.60. (2), (5) end (25). As the calculated value of

this band falls within this range it was suspected that the band

was cyanidin. This was supported by determining the wave length

of maximum absorption of this band. The wave length of maximum ab-

sorption was within the range of 528 mu. to $hh mn.. The wave length
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Table 1. Average Rf values and wave lengths of maximum
absorption for the anthocyanidins from the acid
hydrolysis of the geranium varieties under study

Compound Rf Values in
Forest al Solvent

:Absorption Max,
•in Methanol Con-
taining 0*01 H
:Hydrochloric Acid

Geranium var. Red Irene
Band No. 1
Band No. 2 {Major band)

Geranium var. Madam Saleroi
Band Ho. 1
Band Ho. 2 (Major band)

Geranium var. Fink Barney
Band Ho. 1
Band No. 2 (Major band)
Band No. 3

0.8?
0.74

0.88
0.75

0.87
0.74
0.58

538-540
528-532

538-540
528-532

538-540
528-532
528-544
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Table 2. Rf values and absomtion maxima of the authentic
anthoeyanldins

s Absorption:
Anthocyanidin j Maxima i

Rf Value in
Forest al Solvent Author

t

JL

?-U. :

_L

Pelcrgonidin 530 0.68 Bate-smith (5)

530 0.76 Halevy and Asen (25)

530 0,74 Asen (2)

Cyanldin 5k$ o.5o Bate-smith (5)

5k5 0.56 Halevy and Asen (25)

m 0.60 Asen (2)

Peonldin 5k5 0.63 Bate-smith (5)

Delphinidin 555 0.30 Bate-smith (5)

. 555 0.37 Halevy and Asen (25)

555 0.38 Asen (2)

Petunidin 555 0.45 Bate- smith (5)

557 0.53 Halevy and Asen (25)

Kalvidin 555 0.60 Bete-smith (5)
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Table 3. Rf values for the anthocyanidine In geranium
varieties under study

Time in
Chromatographic

Chamber

18 hours

24 hours

Varieties
:Red Irene : Madam Salerol* Pink Barney

Band No. 1 0.85
Band No. 2 0.73
Band No. 3 ••••

Band No. 1 0.89
Band No. 2 0.73
Band No. 3 ...»

0.87
0.75

0.88
0.77

0.88
0.72
0.59

0.89
0.75
0.58

Band No. 1
Band No, 2
Band No, 3

0.88
0.79
• • • •

0.86
0.78
. . . •

0.89
0.74
0.56

m

*

Band No. 1
Band No. 2
Band No. 3

0.87
0.75
• • • •

0.89
0.73
• • • •

0.87
0.76
0.57

Band No. 1
Band No. 2
Bend No. 3

0.86
0.72
• • • •

0.88
0.70
. . •

0.84
0.73
0.59

Band No. 1
Band No. 2
Band No. 3

0.86
0.73
« • • •

0.88
0.75
....

0.89
0.75
0.60

Band No. 1
Band No. 2
Band No. 3

0.89
0.71
. • . •

0.88
0.77
• • • •

0.85
0.72
0.59

36 hours Band No. 1
Band No. 2
Band No. 3

0.89
0.75
. • •

.

0.89
0.75
. • . a

0.87
0.75
0.56

Averages Band No. 1
Band No. 2

Band No. 3

0.87
0.74
• • •

.

0.88
0.75
• • •

.

0.87
0.74
0.58
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Table k» Ratios for the reflectance percentage at different
points at the reflection spectre for major bands

in geranium.

(A) Comparison at kk® *au. and lowest points on spectra

: t

Reflectance Percentage : Reflectance Percentage at :Ratio between
at iUi-0 mu. : Lowest Point on the Spectra • 1 and 2

Red Irene 25 12.5 2.00

Madam Saleroi 39 20.00 1.99

Pink Barney 53 30.00 1.80

(B) Comparison at khO mu. and 640 mu.

* *

Reflectance Percentage : Reflectance Percentage tRatio between
at 4i|0 mu. : at 61j.O mu. • 1 and 2

1
^

2
:

'

%

Red Irene 25 80 0.31

Madam Saleroi 39 91 0.^2

Pink Barney 53 89 0,59

.
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of maximum absorption for cyajidin as described in literature is

$k$ mu. (2), (5) and (25). As the Rf value of this band comes

quite close to $hS mu., it was believed that this band was cyani-

din both on the basis of Rf and wave length of maximum absorption.

The difference in the wave length of maximum absorption of the de-

termined value and the value described in literature might be attri-

buted to the presence of some other pigment in this variety. This

can be a possible explanation.

In all the three varieties under study, there was a minor band

above the major band. The color of this band was pink or light red.

Its Rf value and wave length of maximum absorption were determined.

The average Rf value for this band for all the three varieties was

0.87. The reported values of authentic anthocysnidins described in

the literature are summarized in table 2. The value of 0.87, calcu-

lated for this minor band, was too high to be considered the Rf value

of any of the known authentic anthocysnidins . The wave length of

aaximum absorption for this band was determined. This was within

the range of 538 mu. to 5^0 mu. This value did not tally with the

wave length of maximum absorption g iven in table 2 for any of the

authentic anthocyanidins . On the basis of this evidence there is

reason to believe that this band might be a new figment not yet iden-

tified.

In order to make sure that the top pigment in all the varieties

under study was not a result of Incomplete hydrolysis, re-hydrolysis

of this pigment was done after cutting and eluting it from the chro-

matograra. After re-hydrolysis the pigment was again chromatographed,
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On chromatography this did not separate into two bands but remained

as such, indicating that hyerolysis was complete. This proves that

this pigment has not resulted due to incomplete hydrolysis. It

might be a new pigment not yet described in literature.

DISCUSSIOH

The chromatographic technique used in the present study was

similar to the one outlined by Bate-smith (5). It was slightly

different from the technique of Halevy and Asen (25). They have

worked with dried petals using neutral lead acetate to precipitate

the anthocyanins. Their procedure may have attained a higher de-

gree of purity by eliminating the irrelevant substances. Identi-

fication of anthocyanidins was done by comparing the calculated Rf

value with the values described in the literature for euthentie

anthocyanidins. Absorption spectra for the anthocyanidins under

study were determined with a Beckman D. U. Spectrophotometer. The

absorption spectra were compared with the absorption spectra of

authentic anthocyanidins described in the literature. Pinal identi-

fication was done both on the basis of Rf value and absorption

spectra.

The variety Pink Barney separated into three bands on chroma-

tograohy. Varieties Red Irene and Madam Saleroi separated into two

bands. All varieties under study had a major band. The Rf value

of the major band was within the range of Rf values described in

the literature for pelargonidin. The difference in Rf value might

be due to the difference in the purity of anthocyanidins, or due to
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changes in the experimental conditions.

The absorption spectra for the major bands were quite similar

to the absorption spectra described in the literature for pelar-

gonidin. In the present study the value of absorption spectra for

the major band was not exactly the same as the absorption spectra

for pelargonidin. It was, however, very close to it. The difference

might be due to difference in purity of material or due to experi-

mental error. As both the Rf value and the absorption spectra are

quite close to the Rf value and absorption spectra for the authentic

pelargonidin it seems reasonable to conclude on the basis of evidence

available that the major bands in the three varieties are pelargoni-

din.

Besides the major band there was a minor band below the major

one in the variety Pink Barney. The Rf value for this band was de-

termined and compared with the values described in the literature

for authentic enthocysnldins. Its Rf value was within the range

described in the literature for cyanidin. The absorption spectra

for this band was quite close to the absorption spectra described

in the literature for cyanidin. The difference might be due to im-

purities in anthocyanidins. It might be due to copigmentation or

due to difference in experimental conditions. It is very difficult

to place the exact cause for this difference. It Is quite likely

that differences might have resulted as a cumulative effect of all

these factors. The evidence based on the Rf value and absorption

maxima leads us to the conclusion that the minor band below the

major one in variety Pink Barney was cyanidin.
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In all the varieties of geranium, there was a minor band

above the major one. The Rf value of this band was determined as

0.89. This Rf value was compared with those of authentic antho-

cyanidins given in the literature. The Rf value of 0.89 was too

high to be the value of any of the known authentic anthocyanidins

described in the literature. The highest Rf in Porestal solvent

for any authentic enthocyanidin described in the literature is 0.76

for pelargonidin (25). The absorption maxima for this minor band

was 538-f&0 mu. This value did not agree with the absorption spec-

trum of any authentic anthocyanidin described in the literature.

To insure that this minor band was a separate compound it was

re-hydrolyzed and chromatographed. On chromatography it did not

separate into two pigments, indicating that hydrolysis was complete

and it was a separate compound. The Rf value of this band did not

agree with the Rf values described in the literature for authentic

anthocyanidins. The absorption spectrum also did not agree with

the known absorption spectra of authentic anthocyanidins. On the

basis of this evidence, there is reason to believe that this is a

new anthocyanidin not described in the literature. This band could

not be identified in the present study.

A new technique used in the present study was the determination

of reflectance curves for the major bands of three varieties by the

Rapid Scanning Spectrophotometer. This technique has not been repor-

ted previously. The reflectance curves for the major bands of pig-

ments in the three varieties were prepared by taking readings from

the Rapid Scanning Spectrophotometer. The curves for the major bands
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of three Yarieties looked slightly different, but still had the

same trend. This difference appeared to be due to the difference

in concentration of pigments. To compare these curves on a common

basis, a point at kkO mu. was chosen on all curves. At this point

the curves tend to be flat. The ratio of the reflectance percen-

tage at this point and the reflectance percentage at the minimum

point on the curves was calculeted. (Table k) This ration was al-

most the same for the three varieties.

Similar ratios were calculated by taking the reflectance per-

centage at kkO mu. snd comparing it with 6AjX) mu. These values for

the three varieties were not as close as the values calculeted with

the minimum point, indicating the steepness of the slope is differ-

ent.

This is a new technique and offers great promise for compari-

son of color for ornamental flowers. It can be a great help for

determining how different two new varieties are, especially the hy-

brids, as far as the color is concerned. Quite often, reliance

cannot be placed on visual observation. Further research is needed

to perfect this technique and to explore its new uses in the field

of ornamental horticulture.

SUMMARY

Three varieties of geranium (Pelargonium hortorum ) , Red Irene,

Madam Saleroi and Fink Barney were used in the present study. The

anthocyanidins from the flower petals of these varieties were

extracted by the technique of Bate-smith (5), using Zti HC1 and



kS

n-butyl alcohol. Separation of anthocyanidins was done by paper

chromatography. Por identification, Rf values of anthocyanidins

under study were compared with the Rf values of authentic antho-

cyanidins described in literature. Absorption spectra of the antho-

cyanidins in this study were compared with the absorption spectra

described for authentic anthocyanidins.

The variety Pink Barney separated on chromatography into three

bands. Varieties Red Irene and Madam Seleroi separated into two

bands. The major bands in all three varieties were identified as

pelargonidin. The minor band below the major band in variety Pink

Barney was identified as cyanidin. The minor band above the major

band in all three varieties could not be identified, but appeared to

be a new pigment not recorded in literature. Reflectance spectra

of the major bands in all three varieties were determined by Rapid

Scanning Spectrophotometer. They were quite similar to each other.

The minor band ?bove the major band in all the three varieties

needs further research for identification. The new technique of

comparing the colors of pigments by reflectance curves by Rapid

Scanning Spectrophotometer shows great promise in ornamental work

and justifies further research.
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EXPWISAIIOB OP PLATE V

Reflectance curve for the major bend of

pigment in var. Madam Saleroi of geranium.
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EXPLANATION OP PLATE VI

Reflectcnce curve for the major bend of

pigment in var. Pink Berney of rjeranium.
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BXPLAHAT10H OP PLATE VII

Reflectance curve for the major band of

pigment In ver. Red Irene of gerexilian
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Three varieties of horticultural geranium ( Pelargonium horto-

rum ) Red Irene, Madam Saleroi and Pink Barney were selected for

the identification of anthocyanidins in the flower petals. Samples

of fresh petals were hydrolyzed with 2 N HC1 in a steambath for

one hour to remove the sugar moiety. Anthocyanidins were extracted

using n-butyl alcohol as a solvent. Iso-amyl alcohol as a solvent

for the anthocyanidins was found to cause discoloration during

hydrolysis. In the present study, n-butyl alcohol was used as a

solvent for anthocyanidins instead of iso-amyl alcohol. Separation

of anthocyanidins was done by the ascending method of chromato-

graphy using Porestal solvent. Identification of anthocyanidins

was done by comparing the Rf value and absorption maxima of the

unknown pigments with the Rf values and absorption maxima of the

authentic anthocyanidins described in the literature.

On chromatography, variety Pink Barney separated into three

bands. The varieties Red Irene, and Madam Saleroi separated into

two bands each. The middle band in pink Barney and the bottom band

in Red Irene and Madam Saleroi was the major band. The lowest band

in Pink Barney and top bands in all three varieties were minor bands.

Rf values and absorption spectra for the major and minor bands

in all varieties was determined. The Rf values of the unknown

bands were determined by ascending chromatography in Porestal sol-

vent. Absorption maxima were determined by eluting the pigments

with 0.01 N HC1 in methanol and reading the color with the Beckman

D. U. Spectrophotometer. On the basis of Rf value and absorption

maxima, the major band in all three varieties was identified as



pelargonidin. The lowest band in variety Pink Barney was identi-

fied as cyanidin. The top band in all varieties appeared to be a

new pigment not described in the literature. Its Rf value and ab-

sorption maxima were determined. This band could not be identified.

A new technique used in the present study was the comparison

of colors of anthocyanidin on the basis of reflectance curves pre-

pared by reading the colors with a Rapid Scanning Spectrophotometer.

This technique has not been published previously. After cutting

the separated pigments from the chromatogram, the color was analyzed

with a Rapid Scanning Spectrophotometer. The reflectance curves

from the spectrophotometer were reproduced for an analyses. An

effort was made to compare the curves on a common basis by calcu-

lating the ratio of reflectance percentages at i^O.mu. and lowest

point on the curves. These ratios were very close for the major

bands of the three varieties. Similar ratios were calculated by

taking reflectance percentages at ljlj.0 mu. and 61j.O mu. for all vari-

eties, A comparison of these ratios showed similarity between the

curves. The reflectance technique needs further research and inves-

tigation but shows great promise for comparison of colors.


