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The elucidation of the structure of the red pigments of the black 

raspberries.   Monger variety,   was achieved.     The components of the 

pigment of the berries were (a) cyanidin-3-glucoside,   (b) cyanidin-3, 

5-diglucoside,   (c) cyanidin-3-diglucoside and (d) cyanidin-3-rhamno- 

glucosido-5-glucoside.     The elucidation was carried out after isola- 

tion,   purification,   concentration and chromatographic separation of 

the components.     Further analysis by paper chromatographic tech- 

niques and spectrophotometric methods were carried out on the pig- 

ments and their products after specific chemical degradations. 

The degradation of the major anthocyanin component,   cyanidin- 

3-diglucoside,   was further studied in buffered model systems of 

various pH values at 50° C.    As the pH of the medium decreased 

the anthocyanin stability increased.     The same was true for total 

crude pigment and the anthocyanin in the juice. 

Nitrogen atmosphere enhanced the stability of cyanidin-3- 

diglucoside as compared to an oxygen atmosphere.     This held for 



the crude pigment and juice as well. 

Cyanidin in buffered model systems at 50° C was much more 

unstable than cyanidin-3-diglucoside under the same conditions.     Ni- 

trogen atmosphere resulted in improvement of the pigment retention 

over that in atmospheric conditions. 

The thermal degradation of cyanidin-3-diglucoside in model 

systems followed first order kinetics.     The rate constants of the re- 

action at various pH levels under air and nitrogen were determined. 

The effect of the presence of various sugars and their degrada- 

tion products on the destruction of cyanidin-3-diglucoside was studied 

in buffered model systems of pH 3. 25 at 50° C.    All of these additives 

increased the rate of pigment destruction.    No differences were re- 

vealed among the sugars glucose,  fructose,   xylose and sucrose, 

which were used.    All reactions followed first order kinetics and 

the rate constants were determined.     When these reactions were 

carried out in the presence of nitrogen instead of air,   a marked 

decrease in the rate of the pigment destruction was detected. 

Ascorbic acid in model buffered systems of pH 3. 25 at 50° C 

markedly accelerated the destruction of cyanidin-3-diglucoside. 

Metal ions and atmospheric oxygen acted synergistically with as- 

corbic acid in the destruction of this anthocyanin.    When the action 

of either of these synergists was blocked,   the stability of the pigment 

was increased.     EDTA was found to improve the retention of 



cyanidin-3-diglucoside by means of its ability to chelate the metal 

ions present,   thus indirectly inhibiting the effect of ascorbic acid. 

When nitrogen was used instead of air,   an improvement of the 

stability of anthocyanin in this system resulted.     The degradation 

of cyanidin-3-diglucoside and the disappearance of ascorbic acid fol- 

lowed the same pattern.     The same observations were also true 

for the anthocyanins of the juice. 

Cyanidin-3-diglucoside in buffer at pH 6. 5 was acted upon by 

tyrosinase.     This activity was low but nevertheless demonstrable. 

When catechol was added to this system,   a rapid decolorization of 

anthocyanin was produced.     This effect was further investigated and 

a scheme of the enzymatic reaction was proposed. 

Protocatechuic acid and tyrosine were able to couple with 

cyanidin-3-diglucoside and enhance the destructive action of tyro- 

sinase on anthocyanins.     The rate of the decolorization of the antho- 

cyanin was lower in these systems than in the coupling with catechol. 
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THERMAL AND ENZYMATIC DEGRADATION 
OF RASPBERRY ANTHOCYANINS 

INTRODUCTION 

Color of foods is one of the most important attributes of their 

quality.     The basic chemistry of the natural pigments and the meth- 

ods of their preservation is of paramount importance to a food scien- 

tist. 

The natural pigments of fruits and vegetables are classified in 

the following four categories:   (a) carotenoids,   (b) chlorophylls, 

(c) anthoxanthins,   and (d) anthocyanins.     This work is concerned 

with the anthocyanin pigments of black raspberries. 

The initial phase of this investigation was the complete identi- 

fication of the separated anthocyanin components.     Chromatographic 

techniques and spectrophotometry were applied for the identification 

of the anthocyanins and their products after specific degradations. 

Subsequently,   the major anthocyanin of black raspberries was used 

in model systems for kinetics studies of its destruction as influenced 

by the following factors:    (a) hydrogen ion concentration,   (b) presence 

of oxygen,   (c) presence of sugars or their degradation products,   and 

(d) coexistence of ascorbic acid and the effect of EDTA on the detri- 

mental action of ascorbic acid on anthocyanins.     The reactions were 

carried out at 50° C and at the natural pH level of the black rasp - 

berries,   3. 25,   except when the pH was the variable under study. 
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The same reactions were also carried out in model systems with 

isolated total crude pigment and with a natural mixture of the antho- 

cyanins in raspberry juice. 

An attempt was then made to correlate the enzymatic browning 

reaction with the enzymatic degradation of anthocyanins.     This rela- 

tionship was studied since there is a chemical resemblance of antho- 

cyanins to the phenolic substrates responsible for enzymatic brown- 

ing.     Thus, the enzymaticiaction of phenolase on anthocyanins was in- 

vestigated in    model systems.    Also, coupled substrates composed of 

catechol (or other phenolic derivatives) and cyanidin-3-diglucoside 

were used with the same enzyme and resulted in greater decolorization 

rates of the anthocyanin than without the coupling.     This correlation 

of enzymatic browning and the subsequent destruction of anthocyanin 

pigment would be of great importance in the preservation of color in 

fruits and vegetables. 



LITERATURE REVIEW 

Nature of the Pigments 

The red pigments present in various berries are anthocyanins- 

glycosides of anthocyanidins in the 3- and/or 5-position (91,   p.   648; 

92,  p.   3476; 84,   p.   1650-1664; 62,   p.   790; 55,   p.   153-157; 83,   p. 

1687-1705).     There is a lack of information in the literature on the 

flavylium cation formula 

composition of the pigments.    Willstatter and Bolton (103,   p.   113-116) 

first reported that the red pigment of raspberry was primarily com- 

posed of one of the glycosides of cyanidin and they named it cyanidin 

bioside.    Harib and Brown (3 7,  p.   482) showed that the pigment of red 

raspberries and was composed of four components.     Lamort (55,   p. 

153) separated the anthocyanin pigments of red raspberries (Newberg 

variety) into four fractions by means of paper chromatography and 

reported the wavelengths of maximum absorption and R. values as 

found with various solvent systems.    Fuassin (25,   p.   173) also found 

four major pigments in red raspberries.    However,   the pigments 

responsible for the color of red raspberries have not been com- 

pletely characterized and even less has been reported concerning 
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the pigments of black raspberries. Daravingas and Cain (19, p. 400) 

reported an analogy in the pigmentation of red and black raspberries 

by paper chromatographic techniques. 

The anthocyanin pigments are,   generally,   substances of am- 

photeric character.     They form salts with either mineral or organic 

acids (46,   p.   562; 30,   p.   1325).     They are crystalline substances 

soluble in water and polar solvents and insoluble in non-polar organ- 

ic solvents such as benzene and toluene.     The form in which an an- 

thocyanin or an anthocyanidin exists,   due to its amphoteric charac- 

ter,   depends upon the hydrogen ion concentration of the medium. 

Anthocyanins are glycosides of which the aglycon moiety is 

called anthocyanidin; they are hydroxylated or hydroxymethylated 

derivatives of the flavylium cation.     There are three types of antho- 

cyanidins depending on the degree of hydroxylation of the anthocyan- 

idin structure (39,   p.   250).     These three types are:    (a) pelargonidin 

or 3, 5, 7, 4l-tetrahydroxy flavylium,   (b) cyanidin or 3, 5, 7, 3', 4'- 

pentahydroxy flavylium,   and (c) delphinidin or 3, 5, 7, 3', 4', 5'- 

hexahydroxy flavylium.     The glycosidic attachment occurs in the 

majority of the cases at the 3-position and less frequently at the 

5-position of the flavylium cation.     Sugars commonly found as glyco- 

sides are glucose,   galactose,   xylose and rhamnose.    Hence a clas- 

sification of the glycosides leads to the following categories: 

(a)    3-monosides,   such as 3-glucoside, 



(b) 3-biosides,   such as 3-diglucoside,   3-rhamnogluco- 

side,   and 3-xyloglucoside, 

(c) 3, 5-dimonosides,   such as 3, 5-diglucoside,   and 

(d) 3-dinn.ono-5-monosides,   such as 3-rhamnoglucosido- 

5-glucoside. 

Anthocyanins of the above classes are often found acylated with 

organic acids such as p-hydroxybenzoic,   malonic,   p-coumaric and 

sinapic acids with one of the anthocyanidin or sugar hydroxyl groups. 

For characterization of the individual anthocyanins,   solubility dis- 

tribution tests have been used (105,p. .195-216; 85,   p.   2293; 83, p. 1687). 

Further characterization has been carried out by studying their 

crystalline state,   solubility,   absorption spectra,   color in buffer or 

with special solvent solutions and fluorescence.     The characteristic 

absorptive properties served as the most valuable tool in conjunction 

with chromatographic procedures for identification. 

The primary factor controlling the color response of anthocy- 

anins is their degree of hydroxylation.     Generally,   a hypsochromy 

(deepening of the visible color) occurs when the number of hydroxyl 

groups is increased.       Hence    derivatives of pelargonidin have an 

orange-red color,   of cyanidin have a deep red color,   and of delphi- 

nidin have a bluish-red color.     Methyl esters alter the color of an- 

thocyanins toward the dull-bluish shade.    A shift of the red color 

towards blue is observed when anthocyanins are associated with 



alkalis and inorganic salts, particularly ferric, aluminum and lead 

salts. Salts with aluminum are used for identification purposes of 

anthocyanidins and anthocyanins with vicinal hydroxyl groups. Hy- 

drogen ion concentration is another important factor in determining 

the form in which an anthocyanin exists. The following equilibrium 

exists for a typical anthocyanidin,   the cyanidin at different pH's (30 

p.   1325;  87,   p.   861). 

ffo 

04 

-on 
K* Ac 

nq 

Red (cyar-idin cation^pH-S on 
Violet (cyanidin color 

base)pH~8.5 

Colorless (pseudobase)pH"'!v. 0 

-o 

Blue (cyanidin anion)pH'>'ll. 0 

The colorless form of pseudobase cannot exist when the 3- 

position is blocked as in cyanidin-3-glucoside.     The vivid red and 

blues of anthocyanins are associated with distribution of positive 

charges throughout an aryl substituted chroman ring system (17, 

p.   519). 

&    ty 



In the case of strawberry juice,   pH plays an important role in 

determining the form in which the anthocyanin (pelargonidin-3-mono- 

glucoside) exists.    In neutral solutions,   it is believed that the pig- 

ment exists in the free state:    ROH. ■  Acidification can shift the 

equilibrium toward the colored benzopyrlium salt R    (11,   p.   358; 

90,   p.   1507).     This molecule has higher resonance and hence ex- 

hibits greater absorption of radiant energy in the visible region and 

hypsochromy.     The existing equilibrium may be represented as: 

fr + lHjO ^=± ROU + H3O 

The pK of this reaction may be calculated by the Henderson-Hassel- 

bach equation:    pK = pH + logj^^.     (102,   p.   116;  101,   p.   101). 

Absorption Properties of the Pigments 

Even though anthocyanins exhibit intense absorption in the 

visible region (SOO-SSOmfJ.), the spectra of the individual compounds 

are so similar as to negate the absorption spectra as the only means 

for their identification.     The spectral properties combined with paper 

chromatographic information can serve for complete identification 

of the aglycons and anthocyanins (7,   p.   427-440; 35,   p.   209-293). 
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Harborne (34,   p.   22-28) described the spectral methods and 

listed absorption data of anthocyanins which may be used in identi- 

fication.     Tables were also given with the characteristic spectral 

properties of the various common anthocyanidins and anthocyanins. 

Harborne states that glycosidation of the individual anthocyanins 

results in a hypsochromic effect.     Glycosidic attachment of the sugar 

into the 3- or into the 3, 5-position brings about a hypsochromic 

shift of 10-15 mfJL.    However,   glycosidic attachment of the sugar 

into the 5-position only produces a hypsochromic shift of about 7mfJi.. 

This can serve as a tool for the differentiation of the 5-glycosides 

from the 3-glycosides and the 3, 5-glycosides. 

When the 5-hydroxyl group is free in an anthocyanin,   a shoul- 

der develops on the main absorption curve in 410-450 mfi region of 

the 5- and 3, 5-glycosides.     Consequently,   the ratio of absorption 

E..-/E becomes a useful constant characteristic of the pigment. 
440     max ^ '^ 

Anthocyanidins and anthocyanins also exhibit an absorption in 

the ultraviolet region at the range 270-279 m(J..     When acylated,   two 

peaks are found due to the superimposition of the absorption of the 

organic acid.     The second peak appears in the region of 308-329m(Ji, 

depending on the nature of the organic acid. 

Lamort (56,   p.   70-72) showed that the four individual antho- 

cyanins of red raspberries had peaks at 504,   510,   514  and 514 m|JL. 

Gizis (31, p. 65) reported that the absorption maximum of red raspberry 



pigment was observed at 510 mjj.   in citrate buffer.     However,   Gua- 

dagni,   Nimmo and Jansen (33,   p.   633) found that the absorption peak 

for the pigments extracted from frozen raspberries was at 513 mjj. . 

Extraction and Isolation of the Pigment 

In the organic analysis of the anthocyanins of plant tissues, 

attention must be given to the selection of the proper solvent systems 

so as to extract all of the anthocyanins and to avoid an alteration of 

the structure of the pigment.     For the extraction of anthocyanins, 

HClrMeOH solvent has been established (47,   p.   729; 49,   p.   25; 50, 

p.   1025).     Later workers (88,   p.   318; 59,   p.   979; 24,   p.   173) stan- 

dardized 1% HClrMeOH solution as the extracting solvent. 

The methanolic-hydrochloric acid solution is subsequently ex- 

tracted from 3 to 5 fold volumes of ether or 8 to 10 fold volumes of 

petroleum ether. 

Extractions from fresh plant tissues are further purified by 

precipitation of the pigment with saturated lead acetate solution. 

The bluish lead acetate-anthocyanin complex is converted to the 

chloride salt of the anthocyanin with 5% HClrMeOH solution.     This 

procedure may be repeated 2 or 3 more times (39,   p.   248) for 

greater purification.    Picrate salts can also be used for the puri- 

fication of the anthocyanins (98,   p.   11). 
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Chromatographic Analysis 

Chromatographic procedures have been extensively used for 

the separation and identification of anthocyanin pigments.     The two 

main methods,   column and paper chromatography,   will be reviewed. 

Column chromatography:   Karrer's group successfully adapted 

a column chromatographic procedure for the purification,   separa- 

tion and subsequent identification of the anthocyanins of plant origin 

(50,   p.   1025-1029).    His columns were first packed with gypsum of 

certain particle size for the separation of anthaein into enin and the 

monoglucoside of delphinidin-3'-methylester.    In a later work,   an 

activated Al   0    column was used for the analysis of peonin chloride 

with water as the solvent and with dilute hydrochloric acid solution 

used for elution (49,  p.   25-28). 

Spaeth and Rosenblatt (94,   p.   1321) reported on the separation 

of synthesized anthocyanidin mixtures.     Silicic acid columns with 

10% phosphoric acid as the stationary phase and a mixture of phenol- 

toluene as the non-aqueous phase were used.     They suggested that 

this method could be applied for the separation and analysis of 

small quantities of anthocyanidins.    Ice and Wender (42,   p.   1616) 

and Pearl and Dickey (77, p. 863-869) also reported on the application 

of "Magnesol" columns for the separation of flavonoid compounds. 

In 1954 Parkinson (75,   p.   239) separated the anthocyanins of 
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Victoria plums with columns packed with cellulose powder. He re- 

ported that one of the pigments was cyanidin-3-glucoside (chrysan- 

themin) as based on the observed Rf values of the isolated and syn- 

thesized pigments in BuOHrHAcrH^O solvent system. 

Others (62,   p.   790) used cellulose column chroma tog raphy for 

the separation of strawberry pigments with BUOHIHACIF^O as the 

solvent.     They reported that cyanidin-3-monoglucoside is a secondary 

pigment in addition to the previously identified pelargonidin-3-mono- 

glucoside.    The Spaeth-Rosenblatt method was modified (59,   p.   979) 

by using BuOH:HAc:H_0(4:l:5 v/v) and 3. 5 x 54 cm columns packed 

with 250 grams silicic acid.    A repetition of the chromatography was 

recommended as a substantial step of separation and purification. 

Different kinds of cellulose powder were applied in 4 x 35 cm tubes 

by Endo (23,   p.   378 - 379) for the separation of the anthocyanin 

pigments from Viola tricolor maxima.    A naixture of n-BuOH: 36% 

HC1:H20(5:1:4 v/v) was applied as the solvent system. 

Lamort (55,   p.   153) reported the use of column chromatography 

to separate the anthocyanins of red raspberries.    He used cellulose 

powder,   Whatman standard grade,   in 5 x 65 cm columns with n-BuOH: 

HAcH20(4:l:2. 5 v/v) as the solvent. 

Another application of AI2O3   as the absorption medium using 

1% HCltMeOH as the solvent was reported by Kerainen and Sama- 

lainen (52, p.   155-158) for the sepaxalicn of the pigments of Rubus arcticus. 
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He further applied H  0:HAc:HCl (82:15:3 v/v) as the solvent in col- 

umns packed with cellulose powder (52,   p.   155). 

A packing of nylon powder and the use of BuOH:2N HC1 (1:6 v/v) 

as solvent were suggested by Chandler and Swain   ( 16,    p.   987) for 

separation of glycosides from aglycons in mixtures.     They stated 

that the separation was based upon the greater solubility of the glyco- 

sides in water as compared to the aglycons and to the high absorptive 

capacity of nylon powder due to the formation of hydrogen bonds. 

Garber,   Redding and Chorney (27,   p.   801-802) published a 

modification of the cellulose powder procedure and used the upper 

phase of .BuOH:HAc:H  0(5:1:4 v/v) as the solvent system.     The au- 

thors considered their procedure superior in both separation ability 

and time required. 

Daravingas and Cain (19,   p.   401) applied the above method with 

some modifications and separated the anthocyanin pigments of the 

red raspberries.     For the separation of black raspberry pigments 

the above method was further modified by using H70:HAc (85:15 v/v) 

as the solvent. 

Paper chromatography.     Bate-Smith and Westall introduced 

the basic method for the paper chromatographic separation of the 

anthocyanins    (7,   p.   42 7).    Modifications have been applied to this 

basic procedure,   especially in the solvent system used.     The meth- 

od is applicable to both anthocyanins and anthocyanidins by means of 
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2 solvent systems:   (a) the classical n-BuOH^HAcrH^O (4:1:5 v/v) 

herein after referred to as BAW and (b) m-cresol:HAc:H2O(50:Z:48v/v). 

Synthetic and natural anthocyanins have been identified by the Rf values 

using BAW.    Fuassin (25,   p.   173-192),   Forsyth (24,   p.   511-515), 

Garber (26,    p.   240-243),  Abe and Hayashi (1,  p.   577-585), Jiracek 

et al.   (43,    p.   659),   and many other workers have used the above 

basic method or slight modifications thereof for the purification,   sep- 

aration and identification of the natural or synthetic anthocyanins. 

Lamort (55,  p.   153) separated the raspberry pigments using 

Whatman No.   1 chromatographic paper,   BAW as the solvent and 

citrate buffer as the eluant. 

Circular paper chromatography has also been used for the 

separation of anthocyanins (10,  p.   844). 

Geissman (28,  p.   495) in his review article gave the chemistry, 

physiological and economic importance,   and methods for purification, 

chromatography,  and elucidation of structure of the flavonoids and par- 

ticularly the anthocyanins.     Useful tables with R^ values using vari- 

ous solvent systems were cited for reference purposes. 

Harborne (35, p. 209) reviewed the chromatography of anthocya- 

nins in his excellent article.    He reached the conclusion that paper 

chromatography was generally superior to column chromatography in 

(a) accuracy of determination,   (b) identification of small quantities of 
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pigments,   (c) ease of handling,   and (d) economy of materials.     Col- 

umn chromatography might be applied for separation of larger quanti- 

ties of pigments,   although the resolution was much lower.    He tabu- 

lated and described the principal solvent systems used and gave R 

values for a number of known anthocyanins from different solvent 

systems.    He further correlated the observed R   values to the struc- 

ture of the anthocyanins and solvent systems as follows: 

(a) Hydroxylation:   As the number of hydroxyl   groups 

increases in the basic  flavylium ring,   the R   values 

decrease in both alcoholic and aqueous solvents. 

(b) Methylation:    Reverses the effect of hydroxylation. 

(c) Glycosidation:   As the number of sugar moieties 

attached to the flavylium ring is increased,   the R 

values in aqueous solvents are increased and those 

in alcoholic solvents are decreased. 

(d) Acylation: Increases the R values in solvents based 

on n-BuOH but lowers the R values in aqueous solv- 

ents. 

Electrophoresis.    Markakis (66,   p.   1092) achieved a separa- 

tion of anthocyanins by means of zone electrophoresis.    Anthocyanins 

from sour cherries,   strawberries and other fruits when placed on 

paper strips migrated towards the cathode at pH values less than 6 

and towards the anode at pH values greater than 7 by application of 
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7-8 volts per cm for 5-10 hours. 

Thin-layer chromatography.     Lately attempts were made for 

the application of thin-layer chromatography for the separation and 

identification of anthocyanins and anthocyanidins.     The technique 

might generally give higher resolution with smaller quantities but 

not enough   information has been accumulated for reference use.     Tan- 

ner and Rentschler (96,   p.   156) reported a successful separation of 

anthocyanins and anthocyanidins.     They used ethyl formate:met.hyl- 

ethyl ketone:formic acid:water (3:4:1:2 v/v) as developing solvent on 

Kieselgel G.    The spots were revealed by spraying with a 10% solu- 

tion of oxalic acid in dimethyl ketone:water (1:1 v/v).    They also 

reported the appearance of the spots under ultraviolet light and the 

Rf  values of seven anthocyanins and anthocyanidins developed by the 

above method and with Partridge's reagent. 

Non-enzymatic Degradation of the Pigment 

Influence of storage conditions.    Pederson,   Beattie and Beavens 

(78, p. 82),   in a study of the color of raspberry and other juices, 

reported that the storage temperature was an important factor in the 

stability of the pigments of these juices.     The retention of the color 

after four months in storage at 860F was less than half of that at 

330F for the Newberg variety and less than two-thirds for the Lath- 

am variety.    Others also (99,  p.   98) observed that the color of 
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raspberry and strawberry juices were greatly affected by the tem- 

perature and time of storage. 

It was reported (8,   p.   395-404) that the rate of destruction of 

ascorbic acid and color in pasteurized strawberry,   raspberry and 

currant juices,   containing about 10% natural sugars,  was greater 

at higher temperatures of pasteurization.    An extensive color change 

was observed after three months of storage.     The red and yellow 

color (Lovibond Colorimeter) of juice stored at 32° C (89. 9 " F) was 

less than half as intense as the color of juice stored at 1 " C (34° F) 

for a period of two months. 

Lee et al.   (57,   p.   16) observed that the storage temperature 

was of great importance in color retention:   the lower the storage 

temperature,   the better the color retention in natural systems where 

anthocyanins are the primary pigments.     They showed that the color 

of strawberries was less stable than that of red raspberries and the 

latter was less stable than the color of black raspberries (juice). 

Other workers (79,   p.   14-15) showed a parallel lowering in 

the intensity of the red color of apple-raspberry juice mixture and 

the concentration of ascorbic acid.    A greater color reduction was 

observed at higher storage temperatures and longer storage times. 

In a subsequent experiment with red raspberry juice (79,   p.   17) 

prepared from frozen fruit,   the color of the juice was found to de- 

crease in both red and yellow color (in Lovibond units) in three 
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months of storage at room temperature. 

Spectrophotometric color determinations indicated that the in- 

tensity of absorption at 400 m(jL increased and the intensity of the red 

color in the region of 500-520 m|jL decreased,   but not to the same ex- 

tent.    In black raspberry juice stored at 45° C (1130F) for 9 weeks, 

the intensity of the color at 520 m(ji decreased to one-half that of the 

original (79,   p.   24).     Juice of red raspberries,in less than a year 

storage under the same conditions,   showed a reduction in the color 

intensity to one-fourth that of the original juice. 

Nebesky (72,   p.   261-274) and his coworkers,   in a study of the 

color stability of the fruit juices during storage,   observed that juices 

containing 15% natural sugars,   pasteurized (190oF) and stored for 6 

months at 100°,   80°,   70°,   35°,   and 0 <, F in darkness and at 700  and 

800F in daylight showed severe changes as time and temperature of 

storage were increased. 

Case (14,   p.   16) reported on canned strawberry jams stored 

at -20°,   70°  and 100° F for 1,   2,   3,   4,   5 and 12 months.    His re- 

sults indicated that storage at -20° F resulted in only a slight de- 

crease in the pigment during the first 9 months of storage and a 

noticeable reduction in the pigment content after 12 months of stor- 

age.     Storage at 70 0F for 1 month resulted in a loss of half of the 

initial pigment content; this loss was of the same level as storage 

at -20oF for 12 months.    Storage at 100oF caused a loss of 
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approximately two-thirds of the original pigment content in 1 month, 

and three-fourths in 6 months.     Storage at 70°  and 100oF for 1Z 

months caused almost complete destruction of the red pigment.     The 

results for both strawberry and raspberry jams followed the same 

general pattern. 

Decereau,   Livingston and Fellers found 20% retention of the 

red anthocyanin color after 19 days of storage and 100% destruction 

after 6 months of storage at 100oF in strawberry jelly.     The onset of 

browning resulted in a masking of the color differences due to the 

anthocyanin content (22,   p.   125). 

Kertesz and Sondheimer (53,   p.   106) reported that strawberry 

preserves must be stored at temperatures lower than 60oF because 

the rate of destruction of the color increased as the storage temper- 

ature approached 650F.     The authors also concluded that the onset 

of browning was due to phenolics other than anthocyanins.     Browning 

coincided with the partial or complete destruction of the red color. 

Guadagni,   Nimmo and Jansen (33,   p.   633) showed that the ab- 

sorption maximum of pigment extracted from fresh frozen rasp- 

berries occurred at 513 m|jL .     Storage for 2 weeks at 30oF did not 

shift the wavelength of maximum absorption in these berries.    A 

transfer of the red pigment occurred from the berry flesh towards 

the sirup.     The magnitude of the transfer varied with the original 

pigment concentration in the berries and the storage temperature 



19 

and time.    After one year of storage at 0oF,   only a slight increase 

in the color of the sirup was observed.     The authors stated that the 

color change was the direct result of the sum of all the time-temper- 

ature experiences which the product encountered due to mishandling 

during storage.     Guadagni and Nimmo in a later work (32,   p.   306) 

showed that the color changes in frozen raspberries were propor- 

tional to the storage temperatures. 

In 1962,   Gizis (31,   p.   51-54) reported that the wavelength of 

maximum absorption in liquid taken from canned red raspberries 

was  510 mfJ..    An increase in the intensity of the color of the sirup 

(60°   Brix) was found during the first 14 days storage at 100° F. 

After the 14th day a definite decrease in the color intensity was 

obtained.    No significant differences were observed in the color 

intensity of the sirup after 28 days storage at 100 "F as compared 

to the color intensity of the sirup after processing. 

Daravingas and Cain (19,   p.   401) reported that there are four 

components in the anthocyanin pigment of the Willamette red rasp- 

berry based on the R   values and characteristic wavelengths of 

maximum absorption.     The anthocyanin pigments of black rasp- 

berries were separated into three components by column chromato- 

graphy.     The pigments appeared to be similar in the two species 

as determined by paper chromatography. 

Time and temperature and their interaction significantly 
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affected the retention of the pigments of canned raspberries.    Increas- 

ing the storage time or temperature resulted in progressively greater 

destruction of all of the pignaents.     Changes in the total pigment con- 

centration were greatly influenced by the anthocyanin present in 

greatest concentration (19,   p.   403). 

Kinetics of the thermal degradation.     Lamort (55,   p.   153-157) 

studied the kinetics of the degradation of anthocyanin pigments of 

raspberries (Newberg variety) and showed that it followed the rate 

of a first order reaction.    He stated that the reported k values were 

not absolutely correct because of the difficulty in the separation of 

the pigments into 4 fractions.     The same author,   in a subsequent 

work (56,   p.   70-72),   reported that the corresponding anthocyanidins 

of raspberries at 220C (720F) and pH 1. 0 did not follow the first 

order reaction.     With pelargonidin from strawberries,   he found a 

very close approximation to a first order reaction. 

Markakis,   Livingston and Fellers worked on the kinetics of the 

main anthocyanin pigment of strawberries,   pel.argonidin-3-mono- 

glucoside,   in buffer solutions at pH 3. 4 and pH 2. 0.     They observed 

first order reaction rates for a temperature range of 450C (1130F) to 

110oC (230oF) and a straight line relationship for the thermal 

destruction curve (67,   p.   118). 

Sugar.     Meschter (69,   p.   575) investigated the effect of differ- 

ent sugars on anthocyanin pigments of strawberry products stored 
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at 380C (100oF).     Sugars used were (a) fructose,   arabinose and sor- 

bose and (b) maltose and sorbitol.     The first group,   which included 

the most heat labile sugars,   showed a higher rate of pigment de- 

gradation than the second group,   which included the more thermally 

stable sugars.    Typical degradation products of the sugars,   such as 

5-hydroxymethylfurfural and furfural,   tended to increase the rate of 

degradation of the anthocyanin pigment.     Later work on the effect of 

sugars on the anthocyanin pigments in model systems showed that 

fructose is more active than sucrose (70,   p.   186).    An interaction 

was also found between amino acids and sugars. 

Decereau,   Livingston and Fellers studied the breakdown of the 

pigment in strawberry jellies in the presence of different sugars.    A 

replacement of sucrose with fructose resulted in an increase of the 

half-life of the pigment in the jelly (22,   p.   125). 

Significant change in the color of frozen strawberries due to 

various types or levels of sugars in terms of the nLn value of the 

Hunter Color and Color Difference Meter was shown by Aref,   Sidwell 

and Litwiller (4,   p.   293-297). 

Tinsley (98,   p.   2) found that gluconic acid and sorbital did not 

have any noticeable effect on the rate of degradation of the antho- 

cyanin pigment of strawberries in model systems at pH 3. 4 and 90oC 

(1940F).     However,   glucuronic acid and fructose had a distinct 

effect in increasing the rate of thermal degradation:   increase in 
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glucuronic acid and fructose were directly correlated with the rate 

of pigment loss.    In the presence of furfural and 5-hydroxymethyl- 

furfural,   a rapid rate of pigment degradation was found.     The de- 

gradation products of 5-hydroxym e t hy 1 furfural,   levulinic and 

formic acids   produced only a slight increase in the rate of degrada- 

tion of the pigment (98,   p.   54).    On the other hand,   model systems 

of amino acids,   such as arginine and cystine,   at concentrations 

comparable to those observed in strawberry juice,   in combinations 

with glucose and fructose resulted in increased rate of degradation 

of the pigment (98,   p.   25-27). 

Meschter (69,   p.   574) related pH and sugars present to the 

pigment degradation.    A minimum of strawberry pigment degrada- 

tion was observed at pH 1. 8.     Below this value the stability was 

lower because a reaction took place  between sugar degradation 

products and pigment. 

Tinsley (98,   p.   30) reached the same conclusion and observed 

that the pseudobase    form of the anthocyanin was more active in the 

degradation reaction. 

Effect of headspace.   It   was   observed  (78,   p.   7 5) that 

deaeration was essential for the retention of pigments in raspberry 

juice.     Small quantities of air caused changes in the red color dur- 

ing storage at room temperature.    Atmospheric oxygen also caused 

ascorbic acid destruction and consequent color degradation of 
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raspberry and strawberry juices (8,   p.   395-404). 

The same conclusion on raspberry juice was reached by Nebesky 

et al.     (72,   p.   261-274).     Headspace showed marked effect on the color 

retention:   a higher color retention was observed in deaerated sam- 

ples as compared with samples having air in their headspace.     The 

kind of gas in the headspace also played an important role in the 

pigment stability of canned raspberries (37,   p.   482).    Immediate 

increase in the rate of pigment degradation was shown as soon as 

oxygen was included in the headspace.    Others (67,   p.   117) also 

reported an interaction between oxygen and ascorbic acid with the 

pigment.    When air was replaced by nitrogen in the headspace,   less 

pigment degradation was observed.    Strawberries and raspberries 

gave similar patterns insofar as the effect of oxygen in the head- 

space was concerned. 

Lukton,   Chichester and MacKinney (63,   p.   427) found that a 

red-brown precipitate and a soluble brownish substance were 

formed during the oxidation of strawberry anthocyanin pigment.     He 

suggested that a conversion to the pseudobase occurred,   followed by 

its hydrolysis and development of the red-brown precipitate.     Only 

a slight precipitate was observed in strawberry juice packed under 

nitrogen. 

Another approach to the pathway of the pigment degradation 

in strawberry juice was also reported (93,   p.   478).     The detrimental 
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effect of oxygen was said to be due primarily to the oxidation of 

ascorbic acid,   rather than the direct oxidation of the pigment,   giving 

rise to the insoluble precipitate. 

Tinsley (98,   p.   25),   working with model systems for pelargon- 

idin-3-monoglucoside,   observed this detrimental effect of oxygen 

upon the pigment as compared to that of nitrogen. 

Hydrogen ion concentration. It was reported (63, p. 428) that 

the pH of the medium affected the rate of strawberry pigment degra- 

dation: the lower the pH, the higher the degree of pigment retention. 

In the region of high hydrogen ion concentrations, the pigment exists 

in the cationic form (R+) depending upon the pH value of the medium. 

In addition, the rate constant of anthocyanin pigment degradation is 

a function of the R+ form concentration: the higher the R+ form con- 

centration (low pH),   the greater the degree of pigment stability. 

Harib and Brown (37,   p.   482) observed that the hydrogen ion 

concentration of the medium markedly affected the pigment stability 

in processed canned raspberries.     Low pH values of the medium re- 

sulted in a definite increase in stability.     A significant difference in 

stability was shown between berries canned at pH 3. 5 and those 

canned at pH 7. 5 and 8. 5. 

Ascorbic acid.    Ascorbic acid is an important factor influenc- 

ing the rate of degradation of anthocyanins.    Ascorbic acid was found 

by Nebesky et al.   (72, p. 261-274) to accelerate the color degradation of 
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raspberry,   strawberry and currant juices.  Pederson, Beattie and Stotz 

reported a correlation between ascorbic acid loss and red color de- 

struction in strawberry juice  (79,   p.   1). 

Sondheimer and Kertesz (93,   p.   476) demonstrated the acceler- 

ation effect of ascorbic acid on the rate of anthocyanin pigment break- 

down.     They suggested a mechanism for this phenomenon:    oxidative 

degradation of ascorbic acid results in the formation of hydrogen 

peroxide,   responsible for the degradation of the pigment of straw- 

berry products,   according to the scheme: 

H202 + Fe++ i OH"   + HO-+ Fe+++ 

OH"     + Fe++   *HCr+ Fe+++ 

Fe       + Ascorbic Acid  >-pe     + Dehydroascorbic Acid 

OH'     + Anthocyanin * ?   ►Oxidative products 

Other    results (67,   p.   118) are also in agreement with the sug- 

gested scheme in respect to the role of ascorbic acid. 

Processing methods.     Joslyn (44,   p.   308) shov/ed that chemical 

changes in the red pigments of fruits occurred during heat process- 

ing due to decomposition reactions or other chemical interactions 

among the various constituents in the can.    Other workers (78,   p. 

78-83) pasteurized raspberry and strawberry juices at 180°,   190° 

and 200 CF and compared the degree of color and flavor changes. 

They reported that the degradation of the pigment was more pro- 

nounced than the change in flavor of the juice as the pasteurization 
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temperature was increased. 

MacKinney,   Lukton and Chichester reported that oxygen played 

a detrimental role during processing of strawberry preserves result- 

ing in a breakdown of the pigment (65,   p.   324). 

It was also observed (67,   p.   117) that care must be taken during 

processing to use the combination of time and temperature which 

results in the least loss of the pigments.    A short-time-high-temper- 

ature treatment was shown to be superior to heating at relatively 

low temperatures for a longer period of time.    Pronounced heating 

of strawberry and raspberry juices resulted in a fading of the red 

color and a concurrent increase of the absorption in the region of 

400-460 rr\i   (82,   p.   471-478).    In general,   since the change consisted 

of chemical reactions,   this acceleration of the pigment breakdown 

was expected.    The same observation was reported for canned 

respberries by Daravingas and Cain (19,   p.   403-404).    The individ- 

ual pigments separated from both species of raspberries were in 

every case adversely affected by the heat process.    Heat processing 

resulted in a 24% and 18% loss in total pigments of the Willamette 

red raspberries and black raspberries, respectively. 

Other factors.    Colloids have been used to improve the quality 

of frozen raspberries by increasing  the retention of the red color and 

by increasing the drained weight (58,   p.   51).    Gums of plant origin 

and pectins have been used to the greatest extent. 
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Barton (5,   p.   50) reported an improvement in the retention of 

color in both red and purple canned raspberries by dissolving col- 

loidal agents,   such as gum tragacanth,   150 grade high methoxyl pec- 

tin,   320 grade low methoxyl pectin,   in 50% sirup which was added to 

the can. 

Heavy metal cations are also known to form complexes with 

anthocyanins.     Stannous salts,   for instance,   have been shown to 

change the tint of the anthocyanins (44,   p.   308; 18,   p.   107).    Lead 

salts of anthocyanins are used in precipitation and chemical purifi- 

cations (39,   p.   248). 

Browning reaction.    Lukton,   Chichester and MacKinney (63, 

p.   429) found that the degradation products in canned strawberries 

were a red-brown precipitate and a soluble brown pigment.    The 

soluble brown substance absorbed at 440rrnj. ,   compared to the antho- 

cyanin pigment which absorbed at 500 mjo. (63,   p.   427).    In addition, 

the same authors (63,  p.   429) observed that the ratio of absorption 

at 440 mjj.   to that at 500 m    tended to increase with the time of 

storage.    When all the anthocyanin pigment was completely broken 

down,   the ratio approached the value of 2. 3.     The mechanism of the 

pigment degradation was not reported. 

Hodge (40,   p.   928) reviewed and classified the browning reac- 

tions as follows: 

(a)   Amino-carbonyl reactions:   In this caregory first, 

amines,   amino acids,   peptides and proteins and second, 



28 

aldehydes,   ketones and reducing sugars are mainly involved 

in the reaction.     This reaction (known as the Maillard type) 

involves a low order of energy for initiation and proceeds 

autocatalytically towards polymerization products. 

(b) Caramelization:    Polyhydroxycarbonyl compounds, 

such as   carbohydrates   and their derivative acids,   are in- 

volved.     Caramelization reaction involves a high level of 

activation energy in order to proceed. 

(c) Oxidative browning:    Phenolic compounds are con- 

verted enzymatically in the presence of oxygen to di- and poly- 

carbonyl compounds and finally to polymerization products. 

Two possible mechanisms have been proposed for the appear- 

ance of the red-brown precipitate in strawberries.     The first (12,   p. 

1573) is characterized by the conversion or polymerization of the 

pseudobase form of the pigment to the red-brown substance.     The 

second is characterized by a hydrolysis of the pseudobase form of 

the aglycon and simultaneously to the red-brown substance.     First 

a colorless degradation product seems to be formed,   which in turn 

gives rise to a brown soluble pigment.     This pigment then undergoes 

a conversion to the red-brown precipitate (89,   p.   517; 38,   p.   667; 

63,   p.   427).    In model systems with anthocyanidin,   the discoloration 

does not result in the formation of the red-brown precipitate.     Con- 

sequently,   the precipitate may be due to either the pseudobase of 
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the anthocyanin or to the sugar moiety,   or to both. 

Enzymatic Browning and Anthocyanins 

As early as  1895,   it was recognized that the change in color 

observed in apple cider was of an enzymatic nature.     Theories have 

been suggested in the past to explain enzymatic browning (73,   p. 

535;  74,   p.   10 7).    Most of the evidence now suggests that oxidation 

of phenols or polyphenols by copper-containing enzymes is the main 

reaction which occurs during enzymatic browning (45,   p.   1).     This 

enzyme has been named differently by various workers.    Names 

given to the enzyme responsible for oxidative browning are "phenol 

oxidase, " "polyphenol oxidase, " "phenolase, " "polyphenolase, " 

"tyrosinase, " "DOPA oxidase. "   Most of the enzymatic prepara- 

tions were crude and exhibited different substrate specificity with 

various phenolic substrates.     The substrates of natural enzymatic 

browning have not yet been isolated and identified (71,   p.   255). 

However,   phenolic compounds acted upon by this enzyme include 

catechol,   tyrosine,   3, 6-dihydrophenylalanine,   caffeic,   chloro- 

genic,   gallic and protocatechechuic acids,   phloroglucinol,   hydro- 

quinone and flavonoids.     The mechanism of enzymatic browning 

is not fully known.     The first steps of enzymatic action are con- 

firmed and the process goes on as in the following scheme for the 

two most important substrates. 
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The above mentioned reactions constitute the first steps of the en- 

zymatic oxidation of the phenolic substrates towards quinones.    The 

further oxidation of the resulting o-quinone is a subject of contro- 

versy among the various workers in the field   of   browning 

(45, p.    1).     The point of controversy lies on the behavior and effect 

of o-quinone upon the enzymatic activity.   It was proposed (20,   p.   245; 

2 1,    p. 25:0) that o-quinone would react with catechol to form a dimer. 

This dimer could then be oxidized enzymatically to form a higher 

polymer with its oxygen content depending upon the conditions and 

the extent of oxidation.     The elucidation of the structure of such a 

polymer has not been achieved as yet,   nor has the extent of oxida- 

tion which is catalyzed directly by the enzymes. 

The optimum pH of the activity of the enzyme from any source 

usually varies with different substrates.     Phenolase has an optimum 

pH around 6. 5 for catechol and tyrosine.     The activity drops rapidly 

in the acid region and this is used as a control of enzymatic browning 

(81,p. 105-124).  Temperature also affects the enzyme activity since by 
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increasing the temperature,   the rate of enzymatic reaction is in- 

creased,   according to the enzymatic-kinetics,   2-3 times per  10° C 

rise.     This occurs up to 50 ° C whereafter denaturation of the enzyme 

lowers the observable activity. 

The activity of phenolase is inhibited by various ions,   including 

those from hydrocyanic acid and hydrogen sulfide,  which act in an 

irreversible fashion,   and those from ascorbic,   benzoic,   malic, 

citric and other acids.     Sodium chloride and sulfurous acid,   also 

inhibitors,   are widely used in food processing to control the enzym- 

atic reaction (81,  p.   105-124). 

Several workers reported on enzymatic systems present in 

fruits and vegetables which exhibit anthocyanin decolorization activ- 

ity.     This may be due to glycosidases or to  oxidizing   en zy.m e s 

(100, p.  165-166;, 97, p. 829-836).     Peng and Markakis (80,   p.   598) 

tried to associate enzymatic browning with the oxidative destruction 

of anthocyanin pigments.     They showed that phenolic substrates such 

as catechol and chlorogenic acid,   when oxidized enzymatically,   can 

indirectly affect the anthocyanin pigments in an unknown and non- 

enzymatic process.     Using phenolase,   they were unable to show 

demonstrable      activity upon anthocyanin pigments alone. 
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MATERIALS AND METHODS 

Berries 

Black raspberries,   variety Monger,  were used for extraction 

of the pigments.     Only mature and healthy berries were used.     The 

berries were washed,   sorted and individually frozen in a blast freez- 

er.     The frozen berries were then freeze-dried and subsequently 

packed in plastic bags in a nitrogen atmosphere and stored until used. 

Solvents and Reagents 

Solvent systems for chromatography of the anthocyanidins, 

anthocyanins,   phenolic compounds and sugars are cited in Table 1. 

Chromogenic spraying reagents for location of sugars and 

phenolic compounds in paper chromatography were as follows: 

Partridge's reagent (76,   p.   443).     7. 66 grams phthalic acid 

and 0. 93 grams anniline were dissolved in 100 ml  95%ethanol.    Pa- 

pers sprayed with the reagent were dried in a fume hood and 

and then oven heated at 105° C for 5 minutes. 

Lindstedt's reagent (60,   p.   448-455).     Benzidine (5  gram) 

was stirred with concentrated HC1 (14 ml) and the suspension 

dissolved in water (980 ml).     Equal volumes of the above and 

10% sodium nitrite  were mixed and stirred until the mixture 

became clear,   pale yellow.    It was used within 10 minutes 
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Table 1.   Solvent Systems used in Chromatography. 

Solvent 
Notation 

Composition Phase used Used for 

BAW n-Butanol:.acetic   acid: 
water,  4:1:5 by vol. 

upper Anthocyanidins 
Anthocyanins 
Sugars 
Phenolics 

BuHCl 

HAciHCl 

1HHC1 

15% HAc 

HAc:HCl:H20 

Forestal 

Formic 

m-Crespl 

BuPy 

BuEt 

EtAc 

Collidin 

BeAW 

EtAcW 

n-Butanol:2 N HC1, upper 
1:1 by vol. 

Acetic acid:HCl:water, miscible 
15:3:82 by vol. 

Water:12 N HC1, miscible 
97:3 by vol. 

Water: acetic acid miscible 
85:15 by vol. 

Acetic acid: HC1: water, miscible 
5:1:5 by vol. 

Water: acetic acid: HC1 miscible 
10:30:3 by vol. 

Formic acid: HC1: water miscible 
5:2:3 by vol. 

m-Cresol:acetic acidtwater        upper 
50:2:48 by vol. 

n-Butanol:pyridine;water miscible 

10:3:3 by vol. 

n-Butanol:ethanol:water miscible 
40:11:19 by vol. 

Anth ocyanidins 
Anthocyanins 

Anthocyanidins 
Anthocyanins 

Anthocyanidins 
Anthocyanins 

Anthocyanidins 
Anthocyanins 

Anthocyanidins 
Anthocyanins 

Anthocyanidins 

Anthocyanidins 

Anthocyanidins 

Sugars 

Sugars 

Ethyl acetate: acetic acid: miscible Sugars 
water,   3:3:1 by vol. 

Collidin saturated with miscible Sugars 
water 

Benzene :acetic acid: water upper Phenolics 
2:2:1 by vol. 

Ethyl acetate:.acetic acid: miscible Phenolics 
water, 9:2:2 by vol. 
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after mixing. 

Isolation of  the Pigments from Berries 

Seventy grams of freeze-dried berries were crushed and mixed 

with 200 ml    1% HCl:MeOH  a nd h e Id for 24 hours at 1 0 C.     They 

were then homogenized in a blender for 3 minutes.     The mixture was 

filtered under suction through Whatman No.   5 filter paper.     The res- 

idue was mixed with 150 ml 1% HCl:MeOH, held 24 hours at 1 0 C,   and 

filtered.     The combined extracts were concentrated to half of their 

volume in a rotary evaporator in a nitrogen atmosphere under vacu- 

um at a temperature of 33° ± 2° C.     An isomolecular amount of lead 

acetate gradually was added and the hydrochloric acid was precipi- 

tated as white lead chloride at 1 0 -2° C.     The white precipitate was 

removed by filtration.     The anthocyanin,   in solution,  was then pre- 

cipitated by the gradual addition of lead acetate under vigorous stir- 

ring.     The blue precipitate formed was then separated by centrifuga- 

tion and dissolved in 5% HCl:MeOH.     The precipitation procedure 

was repeated again and the anthocyanin solution was concentrated to 

one-sixth the original volume using the same conditions mentioned 

above. 

The concentrate was extracted with a five fold volume of petro- 

leum ether and the aqueous phase dried by using the rotatory evap- 

orator technique as above.     The dry crude pigment was shiny, 
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microcrystalline and violet in color. 

Column Chromatographic Separation of the Crude Pigment 

Cellulose powder,   "Whatman standard grade,  was used for the 

packing of 5 x 62 cm columns.     The columns were packed with dry 

powder,   under suction,   by using a packing rod to spread the powder 

uniformly.     The columns were then washed with HAc:HCl (Table 1) 

and subsequently with water and finally with methanol and dried by a 

suction of warm air.     The crystalline pigment was dissolved in 0. 1% 

HCl:MeOH adsorbed on five grams of the washed and dried cellulose 

powder and then dried under vacuum.     The adsorbed pigment was 

then placed on the top of the chromatographic tube and eight more 

grams of washed and dried cellulose were added on the top of this 

stratum.     The column was finally packed with washed and dried glass 

wool.     The HAc:HCl solvent was applied gradually from a separatory 

funnel on the column at a uniform rate.     The development lasted 7-8 

hours and four distinct bands were obtained from the crude black 

raspberry pigment. 

After development,   the cellulose was extruded by means of 

compressed air and each band was vacuum dried under nitrogen. 

The powder,   with the adsorbed pigment,  was then extracted three 

times with 0. l%HCl:MeOH.     Part of the pigment remained adsorbed 

on the powder after the third extraction. 
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The fractions thus obtained were re-chromatographed individu- 

ally after concentration by the procedure outlined above and the final 

pigment fractions were used for further analysis after drying. 

Paper Chromatography 

Separation of the crude total pigment was carried out by means 

of paper chromatography using Whatman No.   3 MM filter paper in an 

ascending system using BAW as the solvent.     Ten papers were 

streaked crosswise with 0. 30 ml portions of the crude pigment along 

the short direction of the paper.    Development of the chromatographs 

into four individual bands required ten hours at 21° ± 0. 5° C.    These 

bands were cut from the paper and eluted three times with 1% 

HCl:MeOH.     Concentration was then carried out as above until less 

than one ml remained.     Re-chromatography of the four individual 

bands was applied in the same manner and the bands which were ob- 

tained were concentrated to dryness. 

Hydrolysis of the Pigments 

Amounts of five mg of the isolated, purified,   and dried pig- 

ments,   obtained by column chromatography    were dissolved in ten mil 

of a mixture containing two parts of methanol and one part of concen- 

trated hydrochloric acid.    The mixture was refluxed under nitrogen in 

a concentrated NaCl brine bath with continuous stirring for one hour 
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followed by immediate cooling at -10° C.     The mixture was then 

filtered and extracted three times with n-pentanol,  which removed 

the aglycon moiety resulting from the hydrolysis.     The aqueous 

phase was held in the frozen condition for sugar determination. 

The aglycon solution in n-pentanol was then extracted with a 

five fold volume of petroleum ether and the pigment was precipitated 

as an amorphous mass,   which was dissolved in 1% HCl:MeOH and 

stored in the dark under nitrogen at -18° C until used for chromato- 

graphic identification of the aglycon moiety and spectrophotometric 

analysis. 

Identification of the Sugar Moiety 

The aqueous phase was neutralized with DOWEX 1-8X anion 

exchange resin.     The resin was first converted to the hydroxyl form 

with 0. 8% sodium hydroxide solution and thoroughly washed with 

distilled water.     The resin was removed by filtration and washed 

with absolute methanol.     The combined aqueous and methanol solu- 

tions were concentrated and spotted on Whatman No.   1 chromato- 

graphic paper along with known sugars:   xylose,   rhamnose,   glucose, 

fructose,   arabinose,   ribose and galactose.    Separate papers were 

developed in BAW,   BuPy,   BuEt,   EtAc,   and Collidin (Table  1).     The 

sugar spots were made visible by spraying with Partridge's re- 

agent. 
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Identification of Sugars in 3-position 

A modified technique used by Karrer and Meuron (48,   p.   50 7) 

and Chandler and Happer (15,   p.   586) was applied.     The same tech- 

nique was also used by Zapsalis and Francis (106,   p.   397) and it was 

adapted as follows.    One mg of pigment was dissolved in 0. 3 ml meth- 

anol and 60 lambdas of 36% hydrogen peroxide.    After four hours,   a 

few grains of palladium catalyst were added to decompose the excess 

peroxide.    After 48 hours,   75 lambdas of 0. 90 N ammonium hydroxide 

were added and the solution was heated in a boiling water bath for five 

minutes.     After cooling,   the mixture was extracted eight times with 

ethyl ether to remove the phenolic part and the remainder was used 

for the sugar analysis in BAW,   BuEt and Collidin solvents. 

Identification of Disaccharidic Glycoside 

The method used by Bendz,   Martenson and Terenius (9, p. 1183) 

was employed:   two mg of the crude pigment was refluxed under nitro- 

gen with two ml 10% acetic acid for five hours in a boiling water bath 

with continuous stirring.     By this procedure,   only the glycosidic 

bond was  split.     The procedure for the separation of sugar and agly- 

con was as described above.     The resulting sugars were spotted on 

Whatman No.   1 chromatographic paper and they were chromato- 

graphed with EtAc,   BuEt,   BAW,   and Collidin solvent systems in 

the ascending manner.     The sugar solution was   streaked  on 

Whatman No.   3 MM filter paper and  separated into the corres- 

ponding bands.      A  narrow   strip from   each  end  of  the 
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chromatographic paper was sprayed with Partridge's reagent and 

used to determine the position of the disaccharides. 

A strip bearing the disaccharide was then cut out and eluted 

three times with distilled water.     The extracts were concentrated and 

hydrolyzed with 4 N HCl for five minutes.     The product was neutral- 

ized and used for identification of the resulting sugars by means of 

the solvent systems outlined above. 

Chromatographic Identification of Aglycons 

The aglycon portion of the hydrolyzed fraction and the aglycon 

from the total crude pigment were chromatographed in ascending 

systems with solvents mentioned in Table 1.     Known anthocyanidins 

were used as standards. 

Alkaline degradation.     Essentially,   the technique of Karrer 

and Widmer (51,   p.   5-6) was followed for the  pigment degradation, 

as adapted later (3,   p.   56) to a microscale:   two mg of the pigment 

were placed in a five ml round bottom flask fitted with a micro- 

condenser.     One and one half ml 15% hot barium hydroxide were 

added and a nitrogen atmosphere was maintained inside the flask. 

The mixture was refluxed for one hour using a boiling concentrated 

NaCl brine bath,   cooled,   acidified with a few drops of concentrated 

HCl and extracted with seven 0. 8 ml portions of ethyl ether.     The 

combined  ether   extracts  were   concentrated  to  one  ml 
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and the solution was spotted on Whatman No.   1 chromatographic 

paper along with ether solutions of possible phenolic products and 

developed by the ascending technique using the solvent systems men- 

tioned in Table  1.    After chromatography,   the phenolic spots were 

made visible by coupling with diazotized benzidine (60,   p.   448-455). 

A solution of 20% sodium carbonate was applied to alter the color 

of the phenolic spots. 

Acylation Test 

Twenty mg of the total crude pigment was dissolved in two ml 

of 1 N HCl; 0. 5 ml 50% sodium hydroxide was added and the mixture 

was left to react at room temperature for six minutes.     The mixture 

was acidified with concentrated HCl and extracted four times with 

four ml portions of ethyl ether.     The extracts were combined and 

concentrated under a nitrogen stream in a hood.     The concentrated 

solutions were chromatographed as in the previous section with 

known phenolic compounds to test for the presence of acids origin- 

ating from acylated anthocyanins.     The remaining anthocyanin solu- 

tion was chromatographed on paper for comparison of the R    values 

of the anthocyanins with the original solutions using the solvent 

systems of Table 1. 



41 

Chromatography of Anthocyanins 

The bands of anthocyanins as well as the original purified mix- 

ture were chromatographed with the solvents of Table  1.     Partially 

hydrolyzed fractions obtained by using the Abe and Hayashi (1,   p.  577- 

583) technique were also subjected to paper chromatography.    What- 

man No.   1 chromatographic paper was used-in ascending system at 

a temperature of 21° ± 0. 5° C according to Harborne ('35,  p.   209-293). 

Spectra of Black Raspberry Pigment 

The Beckman DK 1 Spectrophotometer was used to record the 

spectra of the individual anthocyanin pigments,   anthocyanidins and 

their complexes with aluminum chloride.     The pigments were care- 

fully purified and dissolved in absolute methanol with 0. 01% HC1 and 

in absolute ethanol with 0. 1%HC1.     The spectral shift on the addition 

of aluminum chloride was measured by adding 3 drops of a 5% solution 

of the salt in absolute ethanol to the cuvette,   mixing,   and recording 

the spectrum at 5 minute intervals up to 15 minutes.     The ultraviolet 

spectrum was also obtained. 

Study of Kinetics 

The kinetics of thermal degradation of the previously isolated, 

purified,   and identified anthocyanins of black raspberries,   Monger 

variety,   were studied under conditions resembling the cellular 
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environment for the factor under consideration.    An attempt was 

made to transfer the molecular proportion of the anthocyanin pig- 

ment reacting constituent in a medium of Sorensen's citrate buffer 

pH 3. 25. 

The reactants were placed in a three-necked round bottom 

flask.     The central neck was adapted vertically to a condenser con- 

nected to a CaC^ tube.    One of the necks served as a gas inlet and 

the third was used for introduction of the reactants and for sampling. 

A water bath was used to maintain constant temperature in the re- 

action flask.    The entire system was kept in the dark.    Shaking was 

applied to maintain homogenous dispersion of the reactants. 

The particular quantities of reactants used and conditions of 

the experiments are discussed later in this thesis. 

Determination of Pigment Concentration 

For determining the concentration of pigment,   a spectrophoto- 

metric method was applied (63, p. 428).    The method was modified 

for the black raspberry pigments and the results given in terms of 

optical density,  which constitute a measure of the pigment concentra- 

tion.     The optical density of the pigments was determined at 440 ny. , 

maximum wavelength (ranging from 510-520 m   ) and 700 mp. .     The 

reading at 700 m)ji   was taken as a measure of the turbidity of the solu- 

tions and was subtracted from the 440 nqj.   and the maximum 
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wavelength readings.     The optical density of the pigments at a given 

pH was calculated from the following simultaneous equations: 

^max       „max     „max 
D = D + D 

B p 

„440 „max     , „max 
D = aD + bD,. 

P B 

D    represents the optical density of the pigment 

D     represents the optical density of the brown 

breakdown products. 

Factor  "a" is the ratio of absorption of the pigment at 440 mjo. 

to that at its maximum wavelength at a given pH.     This ratio was de- 

termined for each of the individual anthocyanins separately and the 

total pigment for all pH's used in the experiment.     Factor "b" repre- 

sents the ratio of the absorption at 440 m|j.of the  breakdown product 

to the absorption of the soluble breakdown product at the wavelength 

corresponding to the pigment's maximum absorption.   Hence the pigment 

concentration expressed in optical density can be found by solving 

the above simultaneous equations.     Optical density measurements 

were made on a Beckman Model B Spectrophotometer.    With deter- 

mination of the extinction coefficient of black raspberry total antho- 

cyanin,   the pigment concentration measured in optical density terms 

could be translated to the more easily applicable weight per volume 

terms. 

Table 2 gives the factors  "a" and "b" determined for the total 



Table 2.    Factors "a" and "b" of the Pigments at the Corresponding pH. 

Pigment   Factor    Wave- 
length        1. 15 

PH 

1.70 2.15 2.55 3.25 3.85 4.25 4.70        5.85 7.95 9.60 

Total 

Band A 

BandB 

Band C 

Band D 

Cyanidin 

a 515 

b 440 

a 510 

b 440 

a 514 

b 440 

a 515 

b 440 

a 517 
b 440 

a 520 
b 440 

0.30 0.30 
4; 10 

0.33 

0.30 0.31 
4.10 

0.33 

0.35 0.53 0.66 0.83 1.10 ~ 

3.50 3.60 3.10 2.90 2.90 2.70 

0.48 

-- 3.70 — -- — — 

0.33 0.53 0.67 0.83 1.10 

3.50 3.70 3.10 -- 2.90 2.70 

„ 0.56 .. .. .. .. 

  3.60     " -_ 

„ 0.56 .. .. .. .. 

— 3.30 -- -- -- -- 

0.56 
— 3.20 — — —   

2. 60 2. 70 

2.60 2.70 

(a) Wavelengths given from citrate buffer. 



45 

pigment,   for the four fractions and the anthocyanidins,   with wave- 

lengths of maximum absorption from Sorenson's citrate buffer.    As 

the hydrogen ion concentration increases,   factor "a" increases to a 

greater extent than factor "b. " 

Ascorbic Acid Determination 

For the determination of changes in the ascorbic acid content 

of black raspberry juice as well as of the model systems to which 

ascorbic acid was added,   the indophenol method of Robinson and Stotz 

was used (86,   p.   217-225). 

Phenolase Action on Anthocyanins  - Activity Tests 

The anthocyanin pigment used was prepared from black rasp- 

berries as outlined in the previous section using Whatman 3 MM 

chromatographic paper.    Only the strip containing cyanidin-3-diglu- 

coside was used in the enzymatic tests since it constitutes the main 

pigment of the mixture and consequently controls the behavior of the 

total pigment of the black raspberries as found by the author (19,   p. 

403).     The activity test of Peng and Markakis (80,   p.   597) was applied 

as follows:    three ml of a mixture of equal volumes of 0. 1 M citric 

acid and 0. 1 M phosphoric acid were mixed with one ml of antho- 

cyanin in Sorensen1 s citrate buffer of pH 3. 25.     One half ml catechol 

solution of varying concentrations from 0 to 18 mM was mixed with 
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appropriate volumes of 5 N sodium hydroxide solution to fix the de- 

sired final pH between 2. 5 and 9. 8.     One half ml of this mixture was 

transferred to a test-tube containing 4. 4 ml Sorensen's citrate buffer 

of pH 3. 25 and 0. 1 ml 0. 39 M sodium sulfide acting as an irreversible 

inhibitor.     This tube served as the zero time measurement of the 

anthocyanin concentration.    A volume of 0. 5 ml enzyme solution 

(Tyrosinase from "Mann Research Lab. " Cat.   No.   1393) containing 

0. 5 mg/ml was added to the remaining anthocyanin-catechol buffer 

mixture.    Aliquots of 0. 5 ml were withdrawn at 30 second intervals and 

combined with a mixture of 4. 4 ml citrate buffer pH 3. 25 and 0. 1 

ml of sodium sulfide.     Twenty minutes after sampling,   the absorb- 

ency readings for both the cyanidin-3-diglucoside and the total pig- 

ment were obtained with a Beckman Model B Spectrophotometer at 

700,   515 and 440 mfi.    As previously described,   the reading at 700 

mfj. served as a measurement of the turbidity and the reading at 440 m^ 

was used to correct for the secondary absorption of the yellow-brown 

pigment.     The reaction rates were given by the decrease in the net 

optical density reading and are based on the initial velocity of the 

reaction during the first few minutes before  15%  of    the    sub- 

strate was transformed.     This basic activity test was modified for 

the other cases under study,   namely the behavior of tyrosine,   DOPA 

protocatechuic acid,   and o-benzoquinone as substrates of the en- 

zyme.     A blank of the reaction mixture identical to that described 
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above but with heat denatured enzyme was run in order to obtain the 

net enzymic activity due to pure chemical reaction of the constitu- 

ents.     The o-benzoquinone used in the experiment was prepared 

from catechol according to the method of Willstatter and Pfannenstiel 

(104,   p.   4744-4745). 
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RESULTS AND DISCUSSION 

Identification of the Pigments 

A cellulose column chromatography procedure was used for 

separation of the individual pigments of the black raspberries, Monger 

variety,   by means of HAc:HCl chromatographic solvent (Table  1).    A 

second separation was carried out using Whatman No.   3 MM paper in 

order to reverse the sequence of separated anthocyanins with BAW 

(35,   p.   209-293) and to confirm the results obtained by column 

chromatography.    Four distinct bands were obtained on the column 

and confirmed by paper chromatography. 

Aglycons.     The aglycons   obtained by hydrolysis of the total 

crude pigment were chromatographed on paper along with known 

anthocyanidins and the aglycons obtained from the hydrolysis of the 

four separate bands.    The results are shown in Table 3.     The isola- 

tion of natural anthocyanidins was based on the plant sources reported 

by Hayashi (39,   p.   248-285).    On the basis of the R   values obtained 

in different solvent systems,   the aglycon part of all fractions appeared 

to be cyanidin. 

The aglycon from Chrysler Imperial rose pigment,  which is 

cyanidin (3,   p.   55-58),   gave consistently the same R    values as 

the aglycons of the individual and total pigment in all solvent sys- 

tems used.     Consequently,   cyanidin is suggested as the aglycon 



Table 3.   Rf Values of Black Raspberry Pigment Aglycons . 
1 

Pigments Solvents 
HAc:HCl                  m-Cresol BAW* Forestal Formic HAc^CltHgO 1%HC1 15% HAc 

Standards 

Cyanidinv  ' 

Pelargonidin 

Petunidin (c) 

Delphinidin (d) 

0.09 

0.02 

0.18 0.69 0.49 0.23 0.37 0.01 0.14 

0.80 0.78 0.32 0.57 0.03 0.20 

0.52 0.46 0.20       

0.43 0.33 0.13 0.23 0.00 0.05 

Hydrolyzed crude pigment      0.09 0.18 0.69 0.49 0.23 0.37 0.01 0.14 

Band A Aglycon 0.09 0.18 0.69 0.49 0.23 0.37 0.01 0.13 

Band B Aglycon 

Band C Aglycon 

Band D Aglycon 

0.09 

0.09 

0.09 

0.18 

0.18 

0.18 

0.69 

0.69 

0.69 

0.48 

0.49 

0.49 

0.23 

0.23 

0.23 

0.37 

0.37 

0.37 

0.01 

0.01 

0.01 

0.13 

0.13 

0.13 

.* Acid washed paper 
(a) From hydrolyzed pigment of Chrysler Imperial Rose 
(b) From hydrolyzed pigment of strawberry 
(c) From hydrolyzed pigment of petunias 
(d) From hydrolyzed pigment of egg plant fruit peel 



50 

moiety of the four black raspberry anthocyanins isolated.     The hy- 

drolyzed crude pigment did not show separation of an aglycon other 

than cyanidin.     The R   values obtained were in good agreement with 

those reported in the literature.     The R   values from BAW,   Forestal 

and formic solvents were in agreement with those reported by Har- 

borne (35,   p.   209) and Hayashi (39,   p.   248).     The R   values from 

HAc: HCl: HO were also in agreement with those reported by Hayashi 

(39,   p.   248). 

Confirmation of the above chromatographic data was carried 

out by alkaline degradation with 15% barium hydroxide.     The results 

of paper chromatography of the degradation products are cited in 

Table 4.     These data confirm cyanidin as the aglycon moiety of the 

anthocyanin pigments present in black raspberries according to the 

accepted scheme (51,   p.   5-6). protocatechviic 
.... phloroglucinol acid 

OH    ^   ,.„,)        | |     +     HOOCP J-OH 

cyanidin 

The chromatograms were replicated three times and the reported R 

values are the mean of the R   values of duplicate spots in each 

replicated chromatogram.     The color response is also in agreement 

as to the degradation products of cyanidin and both R   value and 

color are in good agreement with those reported by other workers 

(2,   p.   177;   95,   p.   200).    It was not possible to detect the phloro- 

glucinol or any second phenolic compound as spots on the 
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Table 4.   Rf Values of Degradation Products of Black Raspberry Pigments. 

Compound Solvents 

BeAW            BAW EtAc\ 

Color (a) 

V   Diazotized 
Benzidine 

20% sodium 
carbonate 

Standards 

p-Benzoic acid 0. 38             0. 89 0.94 Y V-Bl 

Protocatechuic acid 0.06             0. 80 0.93 Y-Or Y-Wh 

Gallic Acid 0. 00             0. 03 0.71 Y-Or Br 

p-Coumaric acid 0.46              0.89 0.97 Y-Br V-Bl 

Phloroglucinol 0. 00             0. 69 0.82 Y-Br V-Br 

Mixed Pigment 0.05             0. 80 0.93 Y-Or Y-Wh 

0. 00             0. 70   Y-Br V-Br 

Fraction A 0. 05              0. 80 0.94 Y-Or Y-Wh 

0. 00             0. 70 Y-Br V-Br 

Fraction B 0. 06             0. 80 0.94 Y-Or Y-Wh 

0. 00             0. 70 Y-Br V-Br 

Fraction C 0.06             0. 80 0.94 Y-Or Y-Wh 

0. 00             0. 70   Y-Br V-Br 

Fraction D 0. 05             0. 80 0.92 Y-Or Y-Wh 

0. 00             0. 70 ._„_ Y-Br V-Br 

Product from 
acylation test                ---"" _»_<- ___« —-- 

(a)      Color Notations 

Y = Yellow 
V = Violet 

Bl = Blue 

Wh = 
Br   = 
Or = 

White 
Brown 
Orang ;e 
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papers developed in EtAcW.    A probable explanation may be that they 

existed in sub-detectable quantities. 

Spectral data cited in Table 10 likewise confirm that cyanidin 

is the aglycon part of all anthocyanins isolated from black raspberries. 

Products of mild alkaline hydrolysis were not detectable and 

this suggests that the pigments were free of acylation. 

Sugars.     The determination of the sugars was carried out in 

pigment fractions from both column (Table 5) and paper (Table 6) 

chromatography and was replicated 3 times for both chromatographic 

systems.     Ascending paper chromatography was used with the follow- 

ing solvent systems:   EtAc,   Collidin,   BuEt,   BuPy and BAW. 

On the basis of R   values and the color response with Part- 

ridge's reagent,   Band A contained glucose and rhamnose and Bands 

B,   C and D contained only glucose. 

A difficulty arose in the detection of the sugars by column 

chromatography because xylose was detected along with Bands A and 

B.   It was demonstrated that xylose was an artifact produced by the 

action of the mineral acid on cellulose or simply a contaminant or- 

iginating from the berry pigments or other glycosides (35,   p.   209- 

2 9 3;.  24 ,    p .    5. 1 1 - 5 1 5 ) .       T.h e   same phenomenon appeared 

also in the pigments isolated by the paper chromatographic tech- 

nique.     In the second case,   xylose was present in all fractions and 

in the blank run throughout the entire procedure.     The sugars 
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Table 5.    Rf Values of Sugars from Hydrolyzed Black Raspberry Bands Isolated by Column 
 Chromatography-  

rir Sugars Solvents 
EtAc Collidin BuEt BuPy BAW 

Color' 

Standards 

Sorbose   
Marmose 0.39 
Ribose 0.52 
Arabinose 0.43 
Xylose 0.44 
Rhamnose 0.59 
Glucose 0.35 
Galactose 0.33 
Fructose   

Sugars from 0.36 
crude pigment 0.59 

Band A 0.35 
0.56 

0.44   0.10   
0.51 0.29 0.08 0.23 
0.49 0.34 0.29 0.31 
0.47 0.30 0.13 0.25 
0.58 0.34 0.15 0.27 
0.64 0.40 0.30 0.37 
0.42 0.28 0.07 0.20 
0.39 0.25 0.05 0.18 
0.43   0.09 0.22 

0.42 .... 0.07 0.20 
0.62   0.27 0.38 

0.42 0.28 0.07 0.20 
0.64 0.40 0.26 0.38 

Br 
Br 
R 
R 
R 
Br 
Br 
Br 
Br-ish 

Br 
Br 

Br 
Br 

Band B 0.35 0.42 0.28 0.06 0.20 Br 

Band C 0.35 0.43 0.27 0.07 0.19 Br 

Band D 0.35 0.21 0.07 0.19 Br 

(a)   Color developed with Partridge's Reagent 

Br  =   Brown 
R=   Red 

Br-ish  =   Very Slightly Brown 



54 

detected by paper chromatography of the hydrolyzed bands corres- 

pond in an opposite manner to those detected by column chromatog- 

raphy due to the alcoholic   solvent   B A W  (35,   p.   209):    Band 

I corresponds to Band D, II to C,   III to B,   and IV to A.     The results 

are cited in Table 6 from BAW and BuEt solvent systems. 

Table 6.     Rj Values of Sugars from Hydrolyzed Black Raspberry 
Bands Isolated by Paper Chromatography. 

Sugars Solvents 
BAW BuEt Color(a> 

Standards 

Glucose 

Galactose 

Rhamnose 

Xylose 

Band I 

Band II 

Band III 

Band IV 

0. 20 0. 28 

0. 18 0. 26 

0. 37 0. 40 

0. 27 0. 34 

0. 21 0. 28 

0. 21 0. 28 

0. 21 0. 28 

0. 21 0. 28 
0. 36 0.40 

Br 

Br 

Br 

R 

Br 

Br 

Br 

Br 
Br 

(a)    Color developed with Partridge's Reagent 

Br    =    Brown 
R   =    Red 

The described  technique (9, p. 1185) was used for the 

determination of disaccharides,   and the chromatographic analysis 

of the hydrolyzed sugars gave the R   values and color responses 

shown in Table 7. 
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Table 7.   R£ Values of Sugars from Black Raspberry Pigments Hydrolyzed for Disaccharide Analysis. 

Sugars Solvents 
EtAc BuEt BAW Collidin Color*a} 

Standards 

Glucose 0.34 0.23 0.18 0.45 Br 

Galactose 0.32 0.26 0.17 0.42 Br 

Xylose 0.44 0.34 0.24 0.55 R 

Rhamnose 0.57 0.43 0.35 0.66 Br 

Sucrose 0.16 0.23   0.40 Br 

Lactose 0.14 0.16 0.06 0.26 Br 

Maltose 0.20 0.20 0.09 0.36 Br 

Sugars from 0.57 0.44 0.35 0.68 Br 
hydrolyzed 
crude pigment 0.34 0.29 0.18 0.45 Br 

0.18 0.16 0.08 0.28 Br 

0.09 0.08   Br 

Hydrolyzed 0.16 0.23 0.09 0.30 Br 

Band A 
0.57 0.43 0.35 0.66 Br 

0.34 0.29 0.18 0.45 Br 

Hydrolyzed 0.14 0.21 0.08 —«._ — Br 
BandB 

0.34 0.23 0.18   Br 

Hydrolyzed 
Band C 

0.34 0.28 0.18 0.45 Br 

Hydrolyzed 
Band D 

0.34 0.28 0.18 0.45 Br 

(^J Color developed with Partridge's Reagent 
Br =  Brown 
R =   Red 
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From Table 7 one can deduce the manner in which the sugar 

is attached to the aglycon.    After mild acetic acid hydrolysis.   Band 

A gave a disaccharide,  which after isolation,   hydrolysis and re- 

chromatography yielded rhamnose and glucose.     Band B disacchar- 

ide yielded only glucose when hydrolyzed; therefore two molecules of 

glucose must be connected and both attached to the aglycon.     The 

known disaccharides which were chromatographed gave Rf values near 

those of the disaccharides of the Bands A and B.     Bands C and D did 

not give any spots corresponding to the known disaccharides.     The 

amount of glucose present in Band A was approximately 3 times 

greater than that of rhamnose. 

Another sugar detachment,   specific for sugars attached in 

the 3-position,   was carried out using the method of Karrer and 

Meuron (48,   p.   50 7).    A subsequent mild ammonolysis split the 

ester linkage of only the 3-position according to the method of 

Chandler and Happer (15,   p.   586).     The scheme of degradation pro- 

posed by Karrer and Meuron is as follows: 
,0H 

>   «0> ^/_ OH 

Cyanidin-3-or 
3, 5-giycoside 

p^  2, 4, 6-trihydroxyphenyl acetate glycoside    protocatechuic acid 
Protocatechuic acid was detected in the hydrolytic product and was 

removed with repeated ethyl ether extraction.     The extraction would 
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be expected to completely remove the 2, 4, 6-trihydroxyphenylacetic 

acid and partially remove its glycoside in the 5-position.     The aque- 

ous solution was then chromatographed using 3 solvent systems as 

shown in Table 8. 

These data suggest that in Bands A and B there is an oligosac- 

charide attached to the 3-position of the aglycon.     The R   values cited 

in Table 8 for the oligosaccharide suggest in both cases a disacchar- 

ide.     When the isolated disaccharides were hydrolyzed,   Band A 

yielded predominately glucose and a smaller amount of rhamnose 

while Band B produced only glucose. 

Small amounts of free rhamnose and glucose in Band A (pre- 

dominately glucose) and free glucose in Band B were found.     These 

were probably due to a low degree of hydrolysis of the oligosacchar- 

ide.     The data of Tables  7 and 8 suggest a disaccharide present in 

the 3-position of Band A,   namely ramnosylglucose,   and glucosyl- 

glucose in the 3-position of Band B. 

In the chromatographic analysis of sugars,   some R   values 

in different runs were not precisely reproducible,   but nevertheless 

close to each other.    If the R   values with respect to xylose or glu- 

cose were calculated,   then they were reproducible and in agreement 

with those reported in the literature (13,   p.   202-214; 41,   p.   22). 

The observed R   values (Table 9) of these pigments on paper 

chromatography and the relative amounts of glucose and rhamnose 
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Table 8.   Rf Values of Sugar Hydrolyzed by Ammonolysis of the Sugars attached to the 3-Position 
of Black Raspberry Pigment.- 

Sugars Solvents Color (a) 
BAW BuEt Collidin 

Standards 

Glucose 0.20 0.26 0.41 Br 

Galactose 0.17 0.24 0.39 Br 

Xylose 0.24 0.34 0.54 R 

Rhamnose 0.35 0.43 0.64 Br 

Lactose 0.06 0.16 0.24 Br 

Maltose 0.09 0.20 0.34 Br 

Sucrose 0.13 0.23 0.38 Br 

Sugars from hydrolyzed 0.10 0.14 0.24 Br 

crude pigment 
0.13 0.21   Br 

0.19 0.25 0.43 Br 

0.35 0.44 0.62 Br 

Band A disaccharide 0.13 0.21 Br 

Band A hydrolyzed 0.20 0.26 
disaccharide 

0.35 0.43 

Br 

Br 

Band B disaccharide 0.10 0.14 0.24 Br 

Band B hydrolyzed 
disaccharide 

0.20 0.26 0.41 Br 

Band C sugar 

Band D sugar 

0.20 

0.20 

0.26 

0.26 

0.41 

0.41 

Br 

Br 

(a) Color developed with Partridge's Reagent oped with fi 



Table 9.    Rf Values of Black Raspberry Pigments Isolated by Paper Chromatography, 
59 

Pigments Solvents Known jor propose a 
BAW BuHCl l°/oHCl HAc:HCl 15%HAc HAoHQ •.H?o compound 

Original crude pigment 
I 0.17 0.13 0.40 0.61 0.84 0.88 C-3, 5-RG-5-G 
II 0.29 0.22 0.34 0.58 0.67 0.82 C-3-di-G 

HI 0.21 0.10 0.18 0.43 0.51 0.70 C-3, 5-di-G 
IV 0.35 0.25 0.08 0.28 0.31 0.58 C-3-G 
V (trace) 0.58 0.68 0.01 0.09 0.11 0.36 Cyanidin (just 

noticeable) 
Band A 0.17 0.11 0.40 0.61 0.83 0.88 C-3-RG-5-G 

Hydrolyzed A 0. 17 0.11 0.40 0.61 --—   C-3-RG-5-G 
0.23   0.16 0.42 ____   C-3,5-G 
0.35 0.25 0.08 0.26     C-3-G 
0.41 0.45 C-5-G 
0.59 0.68 0.01 0.09   __„_ Cyanidin 

BandB 

Hydrolyzed B 

0.28 

0.28 
0.35 
0.59 

0.22 

0.22 
0.28 
0.68 

0.40 

0.40 
0.08 
0.01 

0.59 

0.59 
0.28 
0.09 

0.67 C-3-di-G 

C-3-di-G 
C-3-G 
Cyanidin 

Band C 

Hydrolyzed C 

Band D 

Band E(trace) 

0.21 

0.35 
0.41 
0.59 

0.59 

0.59 

0.12 

0.31 
0.40 
0.68 

0.31 

0.68 

0. 16 

0.08 

0.01 

0.08 

0.01 

0.41 

0.27 

0.27 

0.27 

0.09 

0.51 0.70 

0.31 0.35 

C-3, 5-di-G 

C-3-G 
C-5-G 
Cyanidin 

C-3-G 

0.11 0.36        (just noticeable) 

Chrysler Imperial 0.22 0.18 0.17 0.43 0.51 0.68 C-3, 5-di-G 
Rose pigment 0.35 0.25 0.08 0.27 0.31 0.59 C-3-G 
partially hydrolyzed 0.40 0.44 0.18 0.27 0.31 0.59 C-5-G 

0.58 0.69 0.01 0..09 0.11 0.36 Cyanidin 

Dianthus caryophylus 
red petal pigment 0.35 0.25 0.08 0.27 0.31 0.58 C-3-G 
partially hydrolyzed 0.59 0.69 0.01 0.09 0.11 0.36 Cyanidin 

Antirrhjnum majus 
flower pigment 

0.32 
0.35 
0.59 

0.26 
0.25 
0.69 

0.19 
0.08 
0.01 

0.43 
0.28 
0.09 

0.51 
0.31 
0.11 

0.69 
0.58 
0.36 

C-3-RG 
C-3-G 
Cyanidin 

Hibiscus rose a sinensis 
flower pigment 

0.30 
0.35 
0.59 

0.24 
0.25 
0.69 

0.36 
0.08 
0.01 

0.40 
0.27 
0.09 

0.60 
0.31 
0.11 

0.66 
0.57 
0.35 

C-3-di-G 
C-3-G 
Cyanidin 

NOTATIONS: R = Rhamnose,  G = Glucose,  C = Cyanidin. 
Example:   C-3, 5-di-G stands for cyanidin-3, 5-diglucoside. 
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in the pigment of Band A suggest that the pigment is in the form of 

a triglycoside. 

Chromatography of the pigments.     Paper chromatography of 

the purified and isolated pigment bands as well as of the purified 

original pigment was carried out with both aqueous and alcoholic 

solvents in order to classify them according to their R   values with 

respect to known anthocyanins isolated and purified as suggested by the 

Robinsons(84, p.   164 7) and Hayashi (39,   p.   248).     The results of the 

chromatographic analysis of the total pigments are presented in 

Table 9.     The individual pigments obtained from the column chroma- 

tographic technique, as well as the known pigments, were partially 

hydrolyzed in order to give evidence of their glycosidic structure. 

The pigment of Band A,   corresponding to that of I (Table 9), 

very small in amount,   gave R   values suggesting a higher glycosi- 

dation pattern than C-3-di-G or C-3, 5-di-G.     Sugar analysis and 

partial hydrolysis suggest that the pigment is  C-3-RG-5-G.     Unfor- 

tunately,   a known sample of this pigment was not available and the 

tentative identification was based on the ccmparison of R   values ob- 

served in alcoholic and aqueous solvents of known anthocyanins and 

the R   values reported by Harborne (35,   p.   209),   Hayashi (39,   p. 

248) and Luh (61).    Another possibility is that the pigment is a 

Notation as in Table 9. 



61 

3-triglycoside,   which is not solidly supported in view of the data 

obtained by partial hydrolysis and sugar analysis.    In the partial 

hydrolysis of Band A,   6 spots should be obtained corresponding to 

C —3-RG-5-G,   C-3-RG,   C-3, 5-di-G,   C-3-G,   C-5-G and cyanidin, 

but only 5 spots were obtained from the alcoholic solvents and 4 

from the   aqueous solvents.     This can be explained by the fact that 

some of the hydrolytic products have R   values which are similar, 

and no resolution was obtained,   i. e. ,   in the aqueous solvents,   C-3-G 

and C-5-G have almost identical values and no identification could be 

achieved.    In the alcoholic solvents,   where the R   values are differ- 

ent,   the C-5-G and C-3-G were resolved. 

The C-3-RG,   C-3, 5-di-G and C-3-G in alcoholic solvents and 

the first 2 pigments in aqueous solvents have R   values close to each 

other and they did not appear as separate spots (35,   p.   209-293). 

The R   values of the pigment of Band B and of the cyanidin-3- 

gentiobioside (C-3-di-G) are in agreement and suggest that C-3-di-G 

is the compound responsible for this band.     Partial hydrolysis,   agly- 

con analysis,   and sugar analysis are in complete agreement with the 

findings of Willstatter and Bolton (103,   p.   113-136). 

Band C,   on the basis of R   values of the pigment as well as 

partial hydrolysis,   corresponds to a C-3,  5-di-G.    This   suggestion is in 

accordance with the aglycon analysis as well as with the sugars de- 

tected for this band. 
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Band D pigment is composed of C-3-G on the basis of the same 

positive evidences as above,  namely R£ values obtained in 6 solvent 

systems and results of aglycon and sugar analysis. 

A small, just noticeable, diffused band was obtained, namely 

Band E, which, from the data of Table 9, apparently corresponded to 

cyanidin. The existence of the anthocyanidin even in fresh unpurified 

pigment extracted with 1% HCl:MeOH was confirmed repeatedly. The 

presence of the anthocyanidin, even in traces, in the berries was un- 

expected. Possibly it results from a low degree hydrolysis of the 

C-3-G during extraction and chromatography by means of HActHCl. 

A previous communication indicates the relative concentrations 

of pigments in red and black raspberries (19,  p.   403).    The pigment 

of Band A was found in very small amounts while Bands B,   C and D 

were present in greater amounts. 

The Rr values herein obtained were in general agreement with 

those reported for the corresponding compounds by other workers 

using the same solvent systems.    The minor differences in Rf values 

were probably due to slight changes in conditions.    This may account 

for the differences in the R£ values reported by several authors (35, 

p.   209-293; 39,  p.   248-285; 3,  p.   57-58; 2,  p.   177-181). 

Spectrophotometry.    The spectrophotometric data for both 

anthocyanins and anthocyanidins are in Table 10.    The absorption 

maximum of the aglycon obtained from the hydrolyzed crude pigment 
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Table 10.   Spectrophotometric Data of the Black Raspberry Pigments and their Aglycons- 

0. 01% HChMeCH 0.1% HChEtOH 
Pigments visible 

Xmax. 

(mw(a) 

U. V. shift visible U. V. absorption 
Vmax. with ^ max. ^•max. for 
(mil) AlCl, (m,u) (m|4 acylation*   ' 

Band A   aglycon 535 279 +20 546 270 no 

Band B  aglycon 536 280 +20 546 269 no 

Band C  aglycon 536 280 + 19 5.46 269 no 

Band D aglycon 535 279 +20 5 45 269 no 

Band E aglycon 535 279 + 19 5.45 270 no 

Aglycon from total 
hydrolyzed pigment       535 279 +20 546 269 

Cyanidin from 
Chrysler 
Imperial Rose 

535 279 +20 545 269 

Band A pigment 525 280 +20 

Band B pigment 529 279 +22 

Band C pigment 529 279 +22 

Band D pigment 5 30 279 _„... 

no 

no 

no 

no 

(a) Measured maximum wavelength of absorption correct to ^ 1 m|JL. 

(b)   Absorption at 312,   326,  328 mjj,. 
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as well as that from the hydrolyzed bands corresponds to the wave- 

length of absorption of cyanidin isolated from Chrysler Imperial 

rose.     This is in complete agreement with Harborne (34,   p.   22-28) 

in 0. 01% HCl:MeOH and 0. 1% HCl:EtOH solvents.     Shifts of the 

proper magnitude for cyanidin were also observed upon addition of 

A1C1,.     This spectrophotometric approach confirms the conclusions 

previously drawn from other methods of analysis. 

The pigments of all bands also gave shifts with AlCl., which were 

of higher magnitude than those of cyanidin. 

The wavelength of maximum absorption of the band pigments 

was generally in agreement with Harborne's (34,   p.   22-28) finding 

that glycosidation of the anthocyanidin gives rise to a hypsochromic 

shift.     The magnitude of this shift was not observed to be as great 

as Harborne   s.    As suggested,   the Band E,  found in trace amounts 

on the column,   appears to be cyanidin.    As glycosidation was in- 

creased towards C-3-G,   a hypsochromic shift of only 5 m^ was 

observed.    No difference was revealed between pigments of Band 

B and C,   which both gave hypsochromic shifts of 6 mjx.     The pig- 

ment of Band A,  which is proposed as a triglycoside,   gave a shift 

of 10 m|JL 

No absorption peaks were observed at 312,   326 or 328 m(Ji. 

This confirmed that the pigments were free of acylation,   at least with 

regard to the most usual acyl residues,   namely p-coumaric,   caffeic 

and ferrulic acids. 
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Non-enzymatic Pigment Degradation 

Effect of pH and oxygen.     Anthocyanins are amphoteric sub- 

stances,   their form depending on the hydrogen ion concentration of 

the medium (63,   p.   428). 

The rate of thermal degradation of black raspberry anthocya- 

nins as a function of the pH of the medium was determined.     The re- 

sults have been noted on Figure  1 as the percent pigment retained at 

various pH levels.    Model systems of C-3-di-G were used,   as pre- 

viously described,   under oxygen or nitrogen at 50° C.     A decrease 

in pH from 4. 25 towards 0. 95 enhanced the pigment retention. 

The results obtained from this study were applied in the in- 

vestigation of the kinetics of the anthocyanin degradation.    Accord- 

ing to the following reaction,   first order kinetics were expected 

since anthocyanin was the rate determining component when the oxy- 

gen level was maintained constant. 
02 

Anthocyanin —. >     Brown Oxidation Products 

1       .       a 
The formula of first order reaction is:   t =—  '   In- 

k a - x 

(a = initial concentration of reagent; x = fraction of reagent disap- 

pearing in time  "t"; k    = first order rate constant. )    For a system 

which follows first order kinetics,   a plot of In    against time 
a — x 

gives a straight line passing through the origin.     The slope of this 

line is  equal to k.     The results from the rate studies were analyzed 
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in this manner and revealed the rate of disappearance of C-3-di-G 

in model systems followed first order kinetics.     Figure 2 illustrates 

the plotting method.     The rate constants calculated according to this 

technique are cited in Table  11. 

The degradation reaction was found to proceed at a faster rate 

at pH 0. 95 than at pH 2. 15.     This finding was in agreement Mesch- 

ter's observation that maximum pigment retention was attained at 

pH 1. 8 for strawberry anthocyanin pigment (69,   p.   574).    Changes 

in both directions from this pH value decreased the stability of the 

pigment.     The explanation of this phenomenon wa,s that the concen- 

tration of the more stable R     decreased in higher pH values giving 

rise to the more labile R-OH form.    In pH values lower than 1. 8, 

the overall stability was decreased because of the hydrolysis of 

the anthocyanin towards the anthocyanidin and sugar.     The anthocy- 

anidin moiety was extremely unstable and was able to mask the in- 

creased stability due to the more stable R     form.    This was also 

supported by the fact that a lag period of higher stability was ob- 

served at pH 0.95 until the anthocyanidin andsugar were split off by 

hydrolysis as shown in Figure 1. 

Similar experiments using total crude pigment in the system 

yielded results nearly identical to those of C-3-di-G.     This occurred 

because C-3-di-G is the fraction of highest concentration in the black 

raspberry pigment as recently reported (19,   p.   401-403) and thus 



Table 11.     First Order Rate Constants (days     ) for the Degradation of C-3-di-G,   Cyanidin,  Crude 
Pigment and Juice. 

System (a) 
PH 

4. 15 3. 25 2. 15 0. 95 

C-3-di-G 
O 

(b) 
N 

(c) 
N O N O N 

0.127    0.115        0.088       0.077       0.074       0.071        0.078       0.075 

Total crude pigment 0.127    0.116       0.087       0.077       0.074       0.071        0.077       0.0 74 

Juice 0. 135 0. 115       0. 103       0. 073       0. 069 

Cyanidin 2. 23 1. 00 

(a) All substrates were dissolved in 0. 1 M citrate buffer.     The reactions were 
carried out at 50° C. 

(b) O represents a model system with an oxygen atmosphere. 

(c) N represents a model system with a nitrogen atmosphere. 
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Figure 1.    The effect of various pH levels on the thermal destruction of C-3-di-G in citrate buffer (0.1 M) vmder oxygen at 50 C. 
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Figure 2.    Plotting for determination of first order rate constant for C-3-di-G in 0. 1 M citrate buffer pH 3. 25 under oxygen at 50oC. 
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Figure 3.    The effect of various pH levels on the thermal destruction of anthocyanins of black raspberry juice and of anthocyanidins in citrate 
buffer (0. 1M) at 50oC. O 
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controlled the overall thermal degradation of the pigment. 

Additional experiments using freshly extracted juice at various 

pH levels (adjusted with Sorensen's citrate buffer) indicated that low- 

ering the pH from 4. 15 to 2. 15 increased the stability of the antho- 

cyanin pigment in the juice   (Figure 3). 

Another very important factor of the pigment destruction was 

the presence of oxygen. When nitrogen was used instead of oxygen, 

the stability of the pigment was consistently increased in the model 

systems and in the juice (Table 11). 

Overall,   anthocyanidin under nitrogen was more stable than 

under oxygen.    However,   the cyanidin was extremely less stable 

than the anthocyanin C-3-di-G or the combination of the pigments 

(crude pigment) in the system studied.     This was expected because 

anthocyanidins are much less stable than anthocyanins.    In antho- 

cyanidins the hydroxyl group of the 3-position   in the flavylium 

cation is free and very reactive but in anthocyanins this hydroxyl 

group is glycosidated and is not free to react. 

The destruction of anthocyanin pigment resulted in a red-brown 

precipitate which was insoluble in the buffer system employed.    A 

brown soluble pigment also appeared which interfered with the 

measurement of the red color.    Discussion of the application of an 

appropriate mathematical correction for this interference was 

presented earlier.    When the reaction was allowed to proceed at 
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50 0C for a month,   the anthocyanin pigments were completely con- 

verted to the above two brown products.     These products have been 

associated with the browning    of    the    desirable    red    antho- 

cyanin color during processing and storage of fruits containing this 

natural pigment.     Complete chemical characterization of these prod- 

ucts of anthocyanin destruction has not been achieved. 

Effect of sugars and their degradation products.     Four kinds 

of carbohydrates were used in this experiment:    sucrose (disacchar- 

ide),   fructose (ketohexose),   glucose (aldohexose),   and xylose (aldo- 

pentose).     All carbohydrates used resulted in an increased rate of 

pigment degradation in model systems at pH 3. 25 and 50° C.     The 

results revealed no major differences   in the effect of the various 

sugars on the degradation of anthocyanin.     The results were plotted 

as before to determine the rate constants of the first order reaction 

(Table  12).     The rate constants of the pigment degradation with added 

sugars were significantly higher than in the systems without sugar 

at the same pH level.     These results indicated that carbohydrates ac- 

celerated the degradation of anthocyanins with only minor differences 

among the sugars.     This was not in agreement with Tinsley (98,   p. 

30),   who found a higher rate constant for anthocyanin degradation 

in the presence of fructose than with glucose.    Such a difference was 

not revealed in this work.     However,the conditions of the two experi- 

ments were not similar.     Tinsley used higher reaction temperature 



Table  12.     First Order Rate Constants (days   ) for the Degradation of C-3-di-G and Crude Pigment 
in the Presence of Sugars. 

System(a) Sugar Glucose Fructose Xylose Sucrose Buffer 
Cone. 

(M) 
0. 010 0. 019 0. 010 0. 016 0. 010 0. 016 0. 010 0. 018 0. 10 

C-3-di-G 0.20 7 0.207 0.198        0.207 0.195        0.201 0.192 0.196 0.088 

Crude 
Pigment 

0.208 0.209 0.198       0.207 0.196       0.202 0.195 0.196 0.087 

(a)   The reactions were carried out in 0. 1 M Sorensen's citrate buffer of 
pH 3. 25 at 50 "C. 



74 

(90   C) and higher concentration of sugars (0. 25 and 0. 5 M) and 

found higher rate constants for pelargonidin-3-glucoside.     These 

conditions would considerably accelerate the rate of the reaction 

and this may account for his ability to detect differences in the ef- 

fects of various sugars.    Also,   it was not expected that C-3-di-G 

would react in exactly the same manner as pelargonidin-3-glucoside, 

but this example was used for comparison since no data were avail- 

able for a derivative of cyanidin.    Sucrose also gave first order re- 

action kinetics after a short lag period (the initial 12 hours),  which 

was apparently the time required for the hydrolysis of sucrose 

towards the active glucose and fructose. 

In addition to their studies of the incrasing effect of sugars 

on the rate of pigment destruction,   Meschter (69,   p.   574) and Tins- 

ley (98,   p.   2) reported that degradation products of sugars,   such as 

furfural and 5-hydroxymethylfurfural,   accelerated strawberry pig- 

ment degradation at 30    and 90  C.     Tinsley (98,   p.   34) also re- 

ported that the degradation of pelargonidin-3-glucoside followed 

first order kinetics in model systems of pH 3. 40 in 0. 05 M concen- 

trations but not in 0. 01 M concentrations.    In this work,   both fur- 

fural and 5-hydroxymethylfurfural resulted in acceleration of pig- 

ment destruction (Figure 4).     This reaction did not follow first order 

kinetics as revealed by the previously described plotting technique. 

It appears that the rate was affected by the concentration of both 
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Figure 4.    The effect of glucose and sugar degradation products on the thermal destruction of C-3-di-G in citrate buffer (0. 1 M) pH 3. 25 
under oxygen at 50 C. 
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added constituents,  with furfural resulting in a higher destruction 

rate than 5-hydroxymethylfurfural (69,   p.   574).    Bo.th.of   these 

compounds are very labile,   particularly in the presence of oxygen, 

and the degradation of the pigment could possibly be due either to 

their reaction with the pigment or to the reaction of some oxidative 

products derived from these aldehydes.    However,   in a system in 

which either of the two compounds could be produced in some man- 

ner,   one would expect a significant increase in the rate of pigment 

destruction.     These aldehydes would also possibly be derived from 

Maillard browning reactions in a natural system.    It is possible that 

the effect of ascorbic acid could be due partly to its thermal break- 

down to furfural. 

In acidic media,   5-hydroxymethylfurfural is degraded to 

levulinic and formic acids.    Hence,   the effect of those two acids on 

the pigment degradation was investigated.     The reactions were car- 

ried out in 0.1M citrate buffer at pH 3. 25 and at 50° C under oxygen. 

The rate of C-3-di-G destruction in these systems,   although greater 

than that observed in a buffer system alone and in the presence of 

carbohydrates,   was less than that observed in equivalent concentra- 

tions of 5-hydroxymethylfurfural and furfural.     This revealed,   there- 

fore,   that the accelerating effect of 5-hydroxymethylfurfural did not 

depend on its degradation to levulinic and formic acids. 

The same manner of destruction was also observed in the case 
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of the total pigment with those compounds,   which was predicted 

since C-3-di-G was the main pigment in the black raspberry. 

Effect of ascorbic acid.    Ascorbic acid is a labile compound, 

easily oxidized with oxidizing agents or enzymes towards dehydro- 

ascorbic acid.    Molecular oxygen is able to oxidize ascorbic acid as 

follows: 

o- (r r 
HO-C 

fccC 

Wo-, 
||    6 

H-c- 

HO-k-lT 

L-ascorbic acid 

o-c     I 
I     o u .u m 

dehydro-L-ascorbic acid 

The above scheme constitutes an oxidation-reduction system,   which 

can act upon various easily oxidized organic constituents including 

anthocyanins.     The action of ascorbic acid on anthocyanins of black 

raspberries was the objective of this experiment. 

Model systems with varying concentrations of ascorbic acid 

and C-3-di-G were studied in Sorensen's citrate buffer 0. 1 M of pH 

3. 25 at 50° C.     The results are cited in Figure 5 as the percentages 

of pigment and ascorbic acid retained.     When 62. 68 mg ascorbic 

acid per  100 ml reaction mixture (3. 56 mM concentration) were 

present,   the rate of pigment destruction was much greater than when 

22. 68 mg (1. 29 mM) were added.     The curves obtained for ascorbic 

acid destruction and pigment degradation followed the same pattern 
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as time of the reaction proceeded.    Results of 4. 47 mM ascorbic acid 

were found to lie between the curves plotted for 3. 56 and 1. 29 mM. 

The changes in ascorbic acid and pigment were thus highly- 

correlated as could be visualized from the curves of Figure 5. 

Sondheimer and Kertesz (93,   p,   476) proposed a scheme for 

the effect of ascorbic acid on strawberry pigment (pelargonidin-3- 

glucoside) which has been reviewed.    Metal ions have been proposed 

to participate in a series of oxidation-reduction reactions forming 

OH'   free radicals which attack anthocyanins.     This scheme was 

studied further by carrying out reactions where ferrous ions and 

chelating agents participated.    In a system where EDTA (50mg/100 

ml) was added,   the pigment retention was higher than with ascorbic 

acid alone,   irrespective of concentration of the latter.     When 22. 68 

mg of ascorbic acid was then added to the EDTA system,   the reten- 

tion of the pigment and ascorbic acid was greater than that without 

EDTA.     This could be explained on the basis that EDTA was able to 

chelate traces of metals which were present in the system originating 

from the purification of the anthocyanin by lead precipitation. 

Figure 6 gives the results of model systems containing the 

same amount of pigment,   the same amount of ascorbic acid (22. 68 

mg/100 ml) and 10 ppm ferrous ions in two systems.    The first con- 

tained 50 mg/ 100 ml EDTAand the second did not.     Where EDTA was 
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100 O Pigment retention in presence of 0. 01 M glucose and 
50 mg/100 ml EDTA 

□ Pigment retention in presence of 0. 01 M furfual and 
50 mg/100 ml EDTA 

A Pigment retention in presence of 22.68 mg/100 ml 
ascorbic acid.(50 mg/100 ml EDTA and 10 ppm Ferrous 
ions (FeSC^) were added) 
Pigment retention in presence of 22.68 mg/100 ascorbic 
acid and 10 ppm Ferrous ions (FeSO>) without EDTA 

6 7 8 9 
Time in reaction (days) 
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Figure 6.    The effect of EDTA on the thermal destruction of C-3-di-G in the presence of glucose, 
furfural and ascorbic acid - ferrous ions in citrate buffer (0. 1 M) pH 3. 25 under 
oxygen at 50   C. 
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used,   the retention of the pigment was  significantly greater than 

without EDTA.     From these results,   ascorbic acid appeared to re- 

quire ferrous ions for acceleration of pigment destruction.     EDTA, 

which has been widely used as a chelating agent of metal ions,   in- 

directly protected the anthocyanins.     Metal ions have been proven 

to directly accelerate the degradation of anthocyanins.     From this, 

EDTA could be proposed as a means of retarding the degradation of 

anthocyanin pigments.    In this research,   the ascorbic acid change 

could not easily be followed because of the interference of ferrous 

ions. 

Kinetics were studied in this experiment so as to reveal the 

order of the reaction.     The results (Figure 5) for both ascorbic acid 

and pigment destruction did not follow first order kinetics but a higher 

order.     The tests for second order reaction were not applicable be- 

cause of the differences in the concentration units of the two react- 

ants; ascorbic acid was measured in molality and pigment was meas- 

ured by optical density.     (The extinction coefficient,   necessary to 

convert optical density to concentration,   has not been determined 

for C-3-di-G. )    The general pattern of the plot and the correlation 

of the destruction of ascorbic acid and pigment could suggest a higher 

order of the overall reaction even if ascorbic acid acted indirectly 

upon the pigment.    However,   when the action of ascorbic acid was 

blocked by EDTA (Figure 6) the reaction became first order with 
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the following rate constants. 

k system 

0. 138 day "1 

0. 284 day"1 

Pigment,   ascorbic acid,   metal ions 
and EDTA 

Pigment,   ascorbic acid and metal ions 

The k values revealed that the presence of EDTA lowered the rate of 

the reaction to less than half of that without EDTA. 

The action of EDTA on the effect of sugars and their degrada- 

tion products was also investigated.     Since no improvement in reten- 

tion of color was found in these cases,   the previous theory that EDTA 

acted only indirectly on ascorbic acid could be further supported.    It 

would be further theorized that,   since the sugars did not require 

metal ions for their accelerating action,   the addition of EDTA would 

produce only insignificant rate reduction in such a system.     Conse- 

quently it appeared that EDTA could have a retardation effect on 

pigment degradation only by blocking the action of one of the impor- 

tant controlling factors in this reaction,   namely ascorbic acid. 

The experiment of ascorbic acid interaction with pigments was 

expanded to include a natural system,   namely juice extracted from 

black raspberries.     The results (Figure 7) are given as percent pig- 

ment and ascorbic acid retained.     The degradation of the pigment and 

degradation of ascorbic acid were again highly correlated.     When 

EDTA was added to the juice,   a higher retention of pigment and 
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ascorbic acid was observed. 

When the oxygen system was replaced with nitrogen,   the reten- 

tion of both pigment and ascorbic acid was even higher.     This sup- 

ported the theory that without the action of atmospheric oxygen,   as- 

corbic acid was not able to be oxidized and thus could not act upon 

the pigment.     There was,   nevertheless,   destruction of ascorbic acid 

even in the nitrogen atmosphere (Figure  7).     This could be explained 

by the fact that in     natural media   like raspberry juice,   oxidizing 

systems could exist which were responsible for the oxidation of a 

small amount of ascorbic acid.    In addition,   the effect of some resi- 

dual oxygen in the juice could bring about the same change in the 

initial stage of the reaction as       was actually observed.     Nitrogen 

is of importance in indirectly preventing the oxidation of ascorbic 

acid.     The low degradation rates of pigment and ascorbic acid ob- 

served in this system could be attributed to the action of the natural 

sugars present in the juice and of other unknown constituents. 

In all systems studied,   ascorbic acid was able to bring about a 

greater rate of destruction of the anthocyanin pigment than sugars 

or their degradation products.     This was due to the higher oxidiza- 

bility of the ascorbic acid as compared to the other compounds. 
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Enzymatic Degradation of Anthocyanins 

The investigation of the action of the enzyme tryosinase (pheno- 

lase) on C-3-di-G was the objective of this work.     The reason for 

selecting the above anthocyanin as the substrate in this reaction was 

that C-3-di-G had a structure with phenolic hydroxyl groups resem- 

bling the known substrates of tyrosinase,   namely tyrosine and cate- 

chol.    Action of tyrosinase on catechol in fruits and vegetables has 

been termed enzymatic browning.     Therefore,   action of tyrosinase on 

C-3-di-G might present another facet of enzymatic browning.    Fur- 

thermore,   in such a reaction,   the development of the brown colored 

products would parallel the loss of the red anthocyanins. 

Effect of tyrosinase on anthocyanins.     The action of tyrosinase 

on C-3-di-G was determined at various pH levels (Figure 8).    The ob- 

served activity was small and appeared to be a function of the con- 

centration of the enzyme:    increasing the enzyme concentration ac- 

celerated the decolorization of anthocyanins.    However,   the increase 

of the rate of the reaction was not linearly proportional to the enzyme 

concentration.    Since the rate of anthocyanin destruction was quite 

low,   a relatively long period of time was required for enzymatic ac- 

tivity to be detected.    During that time the reaction had proceeded 

far beyond the initial steps and concurrent or subsequent interfering 

reactions could have resulted in the observed deviation from 
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linearity.     (The linear relationship between rate of reaction and en- 

zyme concentration could hold only while the initial velocity was be- 

ing measured. )    This reaction pattern,   although probably not of great 

importance to a biochemist working with enzyme kinetics,   would be 

of concern to a food technologist interested in the changes of the color 

in fruits and fruit products during long periods of storage. 

Effect of tyrosinase on anthocyanins in the presence of catechol 

and o-quinone.     The rate of destruction of C-3-di-G by tyrosinase was 

rapidly changed when catechol was introduced into the system.     Cate- 

chol was acted upon by the enzyme at a much greater rate under these 

conditions as was determined by the rate of anthocyanin decoloriza- 

tion.     Peng and Markakis (80,   p.   59 7) reported a coupling of catechol 

and anthocyanins as substrates of tyrosinase.    As the concentration 

-4 
of tyrosinase increased in the presence of catechol (4 x 10     M) and 

C-3-di-G,   the rate of decolorization at pH 6. 5 and 25° C increased 

linearly. 

Enzyme concentration 
(mg/100 ml) 

12            3            5 

Rate of anthocyanin 
decolorization 
(min"1) 

0. 16     0. 35     0. 50     0. 79 

The optimum pH of the enzymatic action was determined to be pH 

6. 5 (Figure 9).     This finding was in agreement with the report of the 
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above authors.    At pH values lower than 6. 5,   the enzymatic activity 

decreased more rapidly than at higher pH values.    It was also ob- 

served that an increase of the concentration of catechol resulted in 

a corresponding increase of enzymatic activity.     The following table 

illustrates this effect as it occurred at pH 6. 5 and 25° C with 5 mg 

enzyme per  100 ml. 

Catechol concentration 
(M x lO"4) 12            3            4 

Rate of anthocyanin 
decolorization 
(min"1) 

0. 24     0.45     0. 60     0. 79 

The rate of anthocyanin decolorization in this system was more rapid 

than in the previous experiment due to the presence of catechol and 

to a higher enzyme concentration. 

Peng and Markakis (80,   p.   598) proposed the following scheme 

for the action of tyrosinase on anthocyanins: 

catechol «- 

tyrosinase 

—>   o-benzoquinone 

 r->denatured anthocyanin 

non enzymatic 

 anthocyanin H20 <- 

This scheme was investigated as part of the experiment.    When 

o-benzoquinone (o-quinone) was used in a system with anthocyanin 

but without tyrosinase,   no destruction of the anthocyanin was ob- 

served.     However,  when tyrosinase was added to this system at a 
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concentration comparable to that used with catechol in the previous 

experiment,   considerable enzymatic activity was measured (Figure 

10).     Therefore,   it appeared that the decolorization of C-3-di-G by 

the reaction of o-benzoquinone required the action of tyrosinase as 

opposed to the proposal of Peng and Markakis.    A scheme which 

would better fit the destruction of anthocyanins by tyrosinase is: 

derivative of oxidized 
O- -catechol o-benzoquinone <- 

tyrosinase 0_ 

-> anthocyanin 

tyrosinase 

HO < ' -> o-benzoquinone 1 anthocyanin 

Effect of tyrosinase on anthocyanins in the presence of tyrosine 

and DQPA.     Tyrosine,   a substrate for tyrosinase,  was used in a 

coupling reaction with C-3-di-G at a pH of 6. 5 and 25° C.     Under 

-4 
these conditions,   the rate of destruction in a solution of 2 x 10      M 

L-tyrosine was found to be 0. 060 (change in optical density units per 

minute at 515 m\±) .     (The limited solubility of tyrosine in the buffer 

system necessitated its use in dilute solution. )   In the case of DOPA 

-4 
in a 4 x 10      M solution,   the velocity rate was 0. 165.     These results 

indicated that tyrosine was able in some manner to couple with the 

anthocyanins and accelerate decolorization but to a lesser degree than 

DOPA.     A scheme for this reaction might be similar to the one pro- 

posed with catechol and tyrosinase.     The effect of tyrosine and of 

DOPA when separately coupled with C-3-di-G was found to be less 
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than that of catechol. 

Effect of tyrosinase on anthocyanins in the presence of proto- 

catechuic acid.    Protocatechuic acid was used as a third type of 

substrate for this enzyme.     The selection of this acid as a substrate 

was based on its phenolic character and its appearance among the 

oxidative products of anthocyanins under certain conditions.     The 

results of this experiment are cited in Figures  11 and 12.     From 

these data it appeared that protocatechuic acid was able to act as a 

substrate for tyrosinase and to accelerate the oxidation of C-3-di-G. 

Its velocity constants were calculated to be somewhat less than those for 

catechol under the same conditions.    An increase of the concentration 

of protocatechuic acid brought about an increase in the rate of antho- 

cyanin decolorization.    Also an increase in the enzyme concentration 

resulted in a corresponding linear increase in decolorization rate of 

the anthocyanins.    A proposed scheme for this reaction,   analogous 

to that with catechol,   is shown below. 

O, 

H20^ 

-protocatechuic acid derivative of<~ 
3, 4-diketoproto- 
catechuic acid 

tyrosinase 

-> degraded 
antho cy- 

anin 

tyrosinase 

—antho cyanin 

->3, 4-diketoprotocate- 
chuic acid 

Overall picture of the effect of tyrosinase on anthocyanins. 

Tyrosinase was found to act at a low rate on the anthocyanins as 
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expressed by their decolorization.    However,   when coupled with 

phenolic derivatives,   the decolorization effect was increased to 

various degrees,   depending upon the nature of the phenolic substrate. 

Catechol and its intermediate o-benzoquinone were found to have the 

greatest effect on the rate. 

It should,   nevertheless,   be mentioned that all of the above 

enzymatic reactions were carried out at their optimum pH of 6. 5. 

Anthocyanins,   on the other hand,   occur in fruits and vegetables 

generally at pH levels considerably below this.     Therefore,   the 

detrimental effect of tyrosinase on anthocyanins in natural systems 

would be expected to be less than that in the systems studied.     Over 

long periods of storage these effects could become particularly mean- 

ingful regarding the loss of anthocyanins in foods. 
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SUMMARY AND CONCLUSIONS 

The purpose of this thesis was to elucidate the structure of 

the anthocyanin pigments of black raspberries and to study the kinet- 

ics of their thermal and enzymatic degradation.     Factors influencing 

the thermal degradation of anthocyanins which were studied were 

hydrogen ion concentration,   atmospheric oxygen,   sugars and their 

degradation products,   and ascorbic acid.     The enzymatic activity of 

tyrosinase directly or indirectly on anthocyanins was the final phase 

of the work.     The degradation of the cyanidin-3-diglucoside and of 

the total pigment was studied in model systems.    In addition,   the 

degradation of the natural anthocyanins was studied in juice. 

On the basis of these experiments,   the following conclusions 

were drawn. 

1.     The components of the red pigment of black raspberries 

are the four following anthocyanins:   (a) cyanidin-3-glucoside,   (b) cy- 

anidin-3, 5-diglucoside,   (c) cyanidin-3-diglucoside,   and (d) cyanidin- 

3-rhamnoglucosido-5-glucoside.    All four anthocyanins were deriva- 

tives of the same anthocyanidin,   cyanidin,   differing only in the num- 

ber and kind of sugar moiety and the position of their glycosidic 

attachment.     The wavelengths of maximum absorption of the four 

anthocyanins were determined as well as their R   values in different 

solvent systems (using paper chromatography). 
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2. The pH of the medium in both model systems and in the 

natural juice was proven to greatly influence the stability of the 

anthocyanin pigments.    As the pH values decreased to a certain 

point,   the anthocyanins became more stable after which further de- 

creases in the pH  enhanced destruction     due to the hydrolytic effect 

of the high hydrogen ion concentration.     This applied also for total 

crude pigment and for anthocyanin in the natural juice. 

3. Nitrogen atmosphere appeared to markedly increase the 

stability of the pigment.     This applied also for total crude pigment 

as well as for anthocyanins in the juice. 

4. Cyanidin was found to be extremely less stable than either 

cyanidin-3-diglucoside or the total crude pigment.     When nitrogen 

was used instead of air,   increase in the pigment stability was ob- 

served. 

5. The thermal degradation of cyanidin-3-diglucoside in model 

systems was found to follow first order kinetics.     The rate constants 

of the reaction at various pH levels under air and nitrogen were de- 

termined. 

6. In systems buffered to pH 3. 25,   the rate of degradation of 

cyanidin-3-diglucoside was observed in the presence of various sugars 

and sugar degradation products.    No differences were revealed among 

glucose,   fructose,   xylose and sucrose.     The rate of pigment break- 

down was greater when the above sugars were added than in systems 
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without added sugar and appeared to be associated with the rate at 

which the sugars degenerated to furfural-type products.     The reac- 

tions followed first order kinetics and rate constants were determined. 

When the reactions were carried out in the presence of nitrogen in- 

stead of air,   a marked decrease in the rate of pigment loss was ob- 

served. 

7. Ascorbic acid was found to markedly accelerate the break- 

down of the cyanidin-3-diglucoside.    Metal ions and atmospheric oxy- 

gen were synergistic with ascorbic acid on anthocyanin destruction. 

When the action of either of the two above synergists was blocked, 

a marked increase in stability of the pigment was observed.     EDTA 

was found to improve retention of the pigment by its chelating action 

on the metal ions.    When metal ions were present their reaction with 

ascorbic acid yielded    products which were particularly detrimental 

to the retention of the anthocyanins.    When nitrogen was used to ex- 

clude oxygen,   an increase in the pigment stability resulted.     The 

destruction of ascorbic acid was found to parallel the destruction of 

cyanidin-3-diglucoside.     The same observations were also true for 

the pigment in juice. 

8. The enzyme tyrosinase was found to have a demonstrable 

activity upon cyanidin-3-diglucoside.     When catechol was added to 

a buffered system containing this anthocyanin,   the action of tyrosinase 

was enhanced,   resulting in a rapid destruction of the pigment.     This 
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action was further investigated and a scheme of this enzymatic 

process was proposed.     The optimum pH of the above reaction was 

also determined.     Protocatechuic acid or tyrosine,  when coupled 

with cyanidin-3-diglucoside,  were acted upon by tyrosine and thus 

accelerated the decolorization of the anthocyanin. 
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