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THE DRGRADATION, IN NODEL SYSTENS, OP THE
ANTHOCYANIN OF THE MARSHALL STRAVBEBRY

INTRODUCTION

The color of a.éao& product is & most lmportant TG
tor in determining consumer accoptence. Often this is
the only factor whieh can influeuce @ counsumer‘s cholce
when the product iz ou display. Peor practice in procosge
ing and handling generally results in aun inferior profuct,
as o conseguonce of undesirable changees im evler, flavor
and texture. Thus, color, te a eertain exntent, refleots
the quality of the produst, Honee to the food proeessor,
retontion of a good eolor during procossing and E3ive
tenanee of this coloy during storage s of prime concern.

Rotontion of & good coloy becomes a real problem in
those heat proccsced foods in which the pigment is an
anthocyaniv. Por oxnuple in the production of stravberry
properves by conveutional prosedures, pigment losges of
at lesst 307 and up to 708 or nore are observed (i), In
such strawberry profduscts the initial leoss through heat
proceogsing is followed by furthor degradation on storage.
House inproved processing tochuniquos and storags proe
sedures, which would result in improved color reteabion
in stravbepry profucts, would be of roal value to the
food industry.



Ia order to obtain sgome understanding of the wvature
of the degradation ¢f the pigment iu strawberry products,
seveyral workors have gtudied the degradation of the
anthoocyanin of stravberrios in moedel systoms, Such ine
vesbigations, although net duplicating cxnctly the come
ditions found v & giravbeorry product, cunble the ine
vestigantor to lsclate the factors aspociated with the
pigment degradation, In thisc manner the relotive impore
tanes of thogs factors may be ovalusted and some indicte
ti@a of the mechauvism of the reaction obtaincd.

It hoo thus beon Gomoustrated that the three most
lmportant factors whiech doteruine the rate of pignent de-
gradation in strawberpy products are pH, tempserature and
the prosense of oxygen (13 and 16}, Ascorbis aeid hae a
marked offect and sugars alge contribute to the degrades
tion of the pigment (16},

Sloee sugors apo prosont at such high concentratien
in moay stroavberry products and aleo sivss thero is &
varioty of sugars available for use in the preperation of
thoge products, it uas counsidercd advaniageous ¢o atudy
the effeots of sugare on the rate of pigment broakdoims
Previous studies by Hegehter (16) and ¥Vaokiwnoy, Lukton
and Chichester (14) have beocn carried out ot o tomperaw
@uﬁe-&n the range of 35-409 €, 4 temperature of 90° ¢,

was chosen for the proseunt studics, approximating
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processing temporatures rather than storage temperatures.
It has beoun suggested that mugars are active in the form
of their degradation products in acoclorating the rate

of pigmeont degradation sud aminoe scids aceslerate this
effent.

The studion peported inm this thesis have beon Goo
sigacd to Xnveotigate the effect of differcut svoars on
the rate of pigment degradation at 90° ¢, incerporatirg
sueh vapriables &s pH sugey conscubtration and amine aeid
interaction, An effert hes boen made to detormine the
relative importance of the factors assoveisted with the
degradation of the piguwent of strauberriec.



LITEBATUBE 3URVEBY

The flavonoid pigments which have been identified in
the strawberry ares- pelargomidin-3-gluceside (I},
oyanidine3=glucoside (II), kacmpferol (IIX), and

quersetin (IV).

Robinson and Robinson (20) firpt denounstrated the

presence of polargonidin-3-glucogide in strawberries.
This faect was eenfirmed by Sondheimer and Kertesz {25)
who also described a precedure for isolating the pignent
in a pure form from strawberry juice. The conceontration
of pelargonidian-3e-glucosgide in fresh strawberries was

found to be of the orfer of 20-30mg per 100g of
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strawberries, 4 pelargonidiune-3-galactoside has also been
detected im the fruit of the wild strauberry {(21). Iukton,
Chichester and Mackinmey (12) identifiecd a cecond antho-
cyanin in ctrawberries as cyanidin-3s-glucoside. The
relative propertions of those twe amth@@yamAms in the mild
strawberry {(Fry
has been dotermined by Sondheimer sad Kepash (28). Pelers

cards yesea) and in a eultivated strauberry

govidine3-glucosido and cyanidine3eglusoside were found to
be precent in o 13l ratio im the wild berry and & 2021
ratio in the cultivated berry. The flavouels guercetin
aund keemplforel, whieh are related €o the anthooyanidins
cyanidin and pelargonidin, have been igolated from gtrave
berries by Williawms and Wender (30). No guantitative

data councerning the relative or absolute coucentrations

of theese flavounols are avallable at the precent.

Host of the earlieor studies on the degradation of the
solor of strauberry Julee are listed im & paper by Pratt,
Bailkoon, Pouers and Mills (19). These aubthors along with
the earlier reports sumphasize the influcnee of ascorbic
eeld on the rate of pigment degradatiorn. Im the past
five yeoars there has been a werked inerease in the aaount
of work doue with medel systems which have been designed
to igolate the differcut factors sssociated with the dee-
gradation of the aunthecyazunln with o viewr to obtalning an
undersgtanding of the mechenism of the degradation reaetion



Hydrogen perexide has a very umarked coffect oun anthuw
cyanios. The kineticsg of the resction betueen pelars
gonldine3-gluecopide and hydrogren peroxids have been
studied in moedel systems by Sondheimer and Kortess (26),
who differentiate between a nouncatalysed end an iron-
eatalysed remction. The latter gives the more ropld de-
gredation of the pigmeunt. An cven faster rate was ob-
served in the preseunce of hydrogen poroxide, ferroup ien
aud ascorbie acid. In this case it is sugmested that the
agcorbie acid is active in retaluning the iron in the Ters
rous ptate.

The effect of agoorbic asid on the rate of dezradae
tlon of pelargonidin-3-glucoside has aleo been studied
i model systems, Sondhelmer and Koptesz (27) have
demonstrated that the acecolerating offeet on the rate of
Pigment breakdoun iz associanted with the oxldation of the
ascorbic acid, It is suggested that the hydrogen pere
oxide produced in the onidative breakdown of ascorbic
aclé ia respensible for the pigment degradation, Dew
hydroascorbic aeid 45 alse active bub uet to the seme
extent as aacorbic acid (16). Degradatieon of polare
gonidin=3-glucoside in the presence of ascorbie acid and
glycine was found te be greater thon in the prosgouce of
either ascorbie acid or glycine alone {(14). This would
inficate that the interastion of apcorble acid and



glyeine was responsible for this ingreased activitys Ins
vastigations on the stoichiometrie aspocts of the reaction
betucen ascorble asid and pelaprgenidins3=glucoside im the
presenco of uniltrogewn by Markakis, Livingston and Paellers
{15) showed that 1 mele of pignont was destroyed for
spproximately 50 moles of ascorbie aecid, These workers
attenpted to reduce the pigment degradation in strawberry
Juice by trestment of the jviece with spcerbic acid oxidmse.
A small offect was observed btut it was lusiguificant come-
pared with that produced by deacration.

Mesohter (16) has observed the rete of pigumcnt dee
gradation in the presence of different sugers at 38° ¢,
Sugars suoh ag arabinoso, levulosse and sorbose which are
relatively labile, produced a higher rote of piguent dew
gradation than more atable sugars such o8 maltose and
sorbitol. Suger degradetion produsts,; S-hydroxymetihyle
furfural and furfural alse incressged the rate of dogradse
tion. Purther work im modol syntems by Hackiuney,
lukton and Chichkester (14) showad fruectese to bo more
getive then sucrose. These workors alse demounstirated an
added effeot in & suger-amine acld system whieh was Pree
sumably due to the iunteraction of the suger apd aming
acid. Deocoreau, LivingfHton and Pellers (7) have made
pome ¢bservations on th@‘@aﬁe of ioss of pigment in

strawberry jellies., Countrary to expectation replacement



of sucross by fructose inecrcased the half-life of the pig=
Eent. Some recent work by Aref, Sidwell and Litwiller (1)
indicated that sugars souvld have some effect on the coeler
of frozen strawberries.

The rato studies reported to date have gemerally been
carricd out in citrate buffers in the Fango of pH 3.00«
3.40 which epproximatos the pH of strauvberry juices The
effect of pH oun the spestral ghorseteristics of authocya-
pins bas beor lnterpreted by Soundheimer (23) as being Gue
te the effect of pH on the equilibrium betweow a eolorloss
peevdo-bage Torm, ROH and & colored beunzopyrylium salt,
8.

¥ o om0 = _
B” 4 2Hy0 ==  BOH + H0

With pelargovlidin-3-glucoside the pK for this reace
tion wes shown to be 2,98 av 25° ¢, (23). The some value
was alse obtained at &5% ¢, (13). The pigeent bas boen
showa to bo uore steble at lower pH (13), ILukton,
Chichester and Hackimney (13) heve shown thet for oxides
tive @@gﬁ@é&t&@m of pelargonidivs-Jegliucoside o linear
rolation was obtained between the rate counstant and the
concentration of the icnisc form of the pigment. It wams
guggented that under theso conditions the rate of pignont
degradation was & function of the councontration of the
peeudosbase form of the pigment, pH had 1ittle effeet on
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the rate of pigment degradation in an atmosphers of nitre-
gen. In strawberry syrup the minlmum rate of plgument
breakdown vwas observed at pE 1.80,

Hopt of theose studies in model systems have boon
carricd out at temperatures in the range of 30-40° ¢,
HMeschter bhas shewm that an incresss in tomporature ine
ereases the rate of pigment degradation (16), Doceresu
et al. have appronched thig variable from the processing
anglo (7). The pigment losses were observed in SLreTe
beorry jellies given different heat trestmeonts, & come
parison of equivalent precesescs &t &iff@?@mﬁ temporatures
indicated that o "highe-tomperature shortetime® process
resulted in lower pigmeut loss for o given procens.

has o marked effect om the rate of degradaw

Onyzen
tion of pelargonidined-giucoside. The paper by lukton
et al, (13) gives en @xﬁ@nsﬁvé survey of the dirferences
chserved in the oxidetive and nen-ouidative brealkdown of
the pigment. The rate of breskdown was much faster im
the presence of oxygens an inseluble browm precipitate
and & seluble brown matorial were formed. Iun the pre-
sence of nitrogen ouly small amounts of & yed«brown
procipitate wepre formed for eguivalent plgrment losses
compared with the breakdown in exygen. Iz these studies
the anthocyanidin bas net beon dotected end hense it doeo
not appear that hydrelysic of the gluecoside bond is @
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preyroquigite for pigment degradation {(13). However, it
has beon shown that pelargonidin docomposer at e muoch
faster rate than pelargonidineSeglucoside {13).

in svomery we can list the factore mhich have been
shown to be active in sceelorating the rate of pigrent
breakfownt temperature, oxygen, pH, ascorblo agid,
hydrogon pevroxide and sugare apparently active in the
form of their degradation preducts. Apert frem the ipe
portance of the peoudoebase form in oxidative degradation
we have ne kuowledge of Ghe nechanism of these breakéown

preactions.
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EXPERIMENTAL PROCEDURE

I

for the iselation of pelargonidine3=glusoside from girowe
berry Jurice and this proccdure piroved to be very satise
factory for the preparation of & pure gample of the plge
meats ne-Bubyl aloobol was wused to oxbract the pignent
from the strawberry Jjulce and aftor congeantration under
vaouun 2 erude profduct was procipitated by the addition
of anhydrous ethyl sther. The crude protuct was cone
verted to the picrate whiech was purified by recrystallie-
zation frem hot dilute pioric seld. The rocrystellization
was ropoatel four times. The snthocynula chiloride twms
precipitated with anhydrous ethyl ether from & selution
of tho piorate in 5% alocholic hydrogon chloride. A
yield of approximately 700mg of the pelargonidine3e
glucogide was obitained fyom 30 pounde of otrawberpicc.
Paper chromategrans of the piguent wsisg & solvent
systom composed of oqual volumes of nwbutamel and 295
acetic acid showed ouly one spot, the RY of which corrose
pondef to that peported in the literatuwre {8, pP.i77). A
comparicon of the speotrun of this proparation and that
roported by Sondheimer and Kertesz (2%5) for pelargonidine
I=glucoside indicated close agrecment in the wave lengths

of maximum abaorption.



Preparation of S=Hydroxymethyle2e-furaldehyde
A su2ll guantity of this compound was prepared by the
methed deseribed by Hawerth aud Jones (10).

Ii. Apslytical Fressdures

A, Jdentification awd Estimation of the FPreo Amino Acids
in Strowberry Juice
These oxperinsnts woro earrict sut oen & sample of

Juice obiained from Morshall strawberries. The berrics

were frozeu amd held at 0° P, After thewing the Juice
Was SXProssed t&r@ugmAﬁh@@sealethg & slear sample belng
cbtained by further filtration through & siutored glass
filter.

Hackmon and Lazarus (9) have degeribed & procedure
for the isclation of cniuvo acids using owne dimeungionnl
paper chrouatography awnd & sories of solvent syoteoms,
With on mebutencl/acetic acid/unter oyotem {77:6217,v/v)
and ruvaning the chromategran twiee in the one dirsction,
the anine seids, leusine, pheanylalanine, valine, tyrosine,
methloning and slanine may be sepavated, A phenol/uater
system (70326, watersbuffor v/v) buffercd with berate
wuffer at pH 10.0 and uoing paper alse hulffered at pH 10.0
gave an oxcellont seporatien of cystelc aeid, aspartic
gcid, serine, glycine, threomine and alenine. Hisvtidine,
proline ound hydrexyproling were separated by using 607
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acetous as the solvent. Argiaing and lysine were sepae
rated by £irst running the chromatogram in acetone bulf-
erefl with phosphate buffor at pE 7.0. After &rying the
chromatogran was run in the same direetion using 809
phenol ag the solvent, Whatmen Ne. 1 {ilter paper was
uged in all those oupPeriments.

tihen ruuning one dimeonsional cohremabtograms it s

posgible to run ctandard acide as well as the uankunown ou
the one paper. However, becauge of the amovnt of extras
noous materizl in strawberry julce and its offect on the
RBf of the sminoc aecids, dirsct comparisouns with thesa
standards was vot always pessidble. The proseonce of a
particvlar anine acld was coufirmed by the Tollowing pro-
cedure, Two aliquets of strawbsrry Juice were applied o
the some chromategram and an additional aligquot of a
standard aminoe acid was @mp@wimpas@@ pun one of the Julece
spols. After the chromatogram vas developed, ocomparisen
of the distribution of the spoto Trom these twe samples
infligated whother or uot the smiune acid in question was
prescnt, '

The progonce of agparaglue and glutening was asoerw
tained by the comparisou of the aspertic aclid and glu~
tamic acid gpots fron hydrolysed and now-hydrolysed
samples. To hydrelyse asporagine and glutemioe the Jjulee
vas made 2 normal with respect to hydrochlorie acld and



i

then heated on a beiling water bath for 3 hours., The
hydrolysed sample was evaperated te drynezs uvuder vacuum
gnd thew placed in o desiceator with golid sodive hydrox-
ide. The residue tms takow uvp in the required sumount of
water anéd the chromatograms e

Before ohrematographic annlysis oystoine and cystine
were couvertcd to cysteic aedd. The aliguot of Juiee
ofver beinz applied to the paper was treated with 3508
hydrogen perozide and ammonium molybdate, o3 deseribed by
Block, Durrum and Zweig (%, p.9%). Cystoic aeild was
jdecatitied in the buffersed phenol ayctom. No éiffersons
tiation way made between oysteine and oystine.

Waen the amine acids had beorn identified and a satice
fastery sepasration a@h&@ved, those precont in larges
spounts wore cobimnted quantitatively. 7The method
tesoribed by Hoore and Stein(l?) wme adapted for this pure
pose. A standard curve was obtoined by addivg 0, 10, 30,
and 20 pl aliguote of 2 x 1631 leueino {258mg/liter) to
picoen of washed Whatman No. 1 filter paper (3 % 2 oem).
Baeh of these wne placed in a tept tube to which was
addad 0,501 of wator end 2ml of ninkydrin yreagent. The
sinhydrin reagent was prepared by adding 0,80g of stanunous
chloride athyérate disnolved im 500¢6 of citrate buffer at
pE 5 to 20g of ninhydrin in 500cs of mothyl cellozolve.
After sesling the tubes with aluminum eaps the coler was
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deoveloped by heating on @ bolling water bath for 20 min,
Five ml of & mizture of n-propyl aleohol and water (1:1)
woe added and the ebsorbaunse measured at 570 mp unlug a
Beckman MHedel D.U, spostrophotometer. A straight iine
relation betuween abgorbance and concentration was obe
talned over this councentration range.

The amine aoids were estiinted by shrensteographing
a sample of the julce sufficient to give a coussutration
falling within the roange of the standerd curve. This was
aehieved by runnipg 3 or & aliquots of equel gize lom
apert ond also an indicator aliquot ou the same pPEPOr.
After the chromatogram had beewn developed the latter was
cut from the chromateogram, ¢the color doveloped with
ninhydrin ané then the spots on this strip were uvoed te
position those to be sut ocut fey amplysis. These atrips
together with blankts of egual size were washod soveral
timep with othyl cther to remove the polvent oud then the
color developed in the some maunner as that doseribed for
the stondord eurve, Neore and Stein (17) give fastors.
which rolate the colep yield of differcunt aming asids to
that of leucine, houce only oue stenderd CUPVe 1WAG Fow

quired., ALl unbusitm saEples wore rur in triplicato,

B. Estimation of Polargenidipej=slucoss
The mothod desoribefl by Sondheimer anld Keortesz (20)
was wged for the cstimablen of polargonidine3-gluecoslic.
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This procedurc is baced on the liucar relation between
ecncoutration ané the differcnees iw absorption batieen

- pompleos at pH 3.4 and pB 2.0 at 500mp. Uslng o Beckman
Hodedl D.U. spectrophotemeter asud 0.10 citrate bulfer &
linear relation botween pigment coucentration and differs
ence dn absorbance at these twe pH values was ebtalined in
the counccntration rangoe of 0-3mz per 100mi,

In aetual proctlee aliguots of the reastion mixturse
at pH 3,40 were withdravn avd added to an aliquot of
eltrato buffer which were adjusted go that dllution €o
the roguired congentration range resulted in & pH of 2.0
end 3.40, ©Oun dilublon of é sample to pH 2.0 1% was
necosgary to allﬁw at leasct an hour for the samplo o
come to equilibrium, Pailure to do this resulted in cone
giderable error in absorbonss measurcments at this pHe.
Thio offect was not observed in pomples made up te pH 346
Ia gystons whore no interfepivg colored products were
produced the abserbancc measurements ot pH 3.40 wers used
to detormine the pigment concontration. Absorbaney
ponsurencats at komp indlcated the produstiocn of intere

fering pignmonto.

Ce
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the wothod degeribel by Sondheimer {(23). Polorgonidinejle
glusoside was dissolved im selutions @@ hydrochlorie aeid,
the pH of which varied from pH 1.0 to 3,0. The absorbanee
of these polutions vas noasurcd &t reoowm temporsature and at
86% ¢, The monsurcmonts at 86% €, were obtained by usiog
a “Thermospacer® (2; p.53) ottechment tith the Beokman
Hodel DJY. spoctrophatometer, The pK of this penstion was
then caleuvlated from these meagursncuts as dogeribed i

the above nentioned paper.

I1I. Bate Studies

Three 100=l threc-neoked Standard Taper roundebotten
flaske fitted with aly inlet tubes, condensers and there
mOnNeters, wWore mounted in & constent tomperature bath,

The rate of aly flow uas consrolled for each individual

flack at 160170 ¢.6./in, meagurod at standard tomperas
ture and pressure. Io this mauner the resction mixture
ras caturated with alr apd kept well stirred. The tone
perature of the heating bath wes adjusted to give & toke
perature of §0.0 * 0.2° ¢, la the rosctiem flask,

In corrying out o rote study o 40ml solution Gone
todndegz all the required compononts oxcept the oitrabe
buffer and pigerent was alloued to come up Lo Lemperature
{opproximasely 10 mim. ). AL this time Sml of citrate
bffor and 500 of 4istilied water containing 10ng of
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pigrent were added. The bwuffer wase prepargd in such a
manner that & 1310 dilution resulted in 0.1H sitrete
buffer of pH J.40, The Pinel volume of solution w@s 50md
and the reastion mixture was 0.027 millimelar with rospeet
to the pigment. Ao soon asg the reoctlion mizture came up
to 90° ¢, an aliquot was withdrawa and the pigmout come
contration of this gligquot was taken as that ot zero time.
At dofinite time imtorvals sliquots were withdrewn ond
the coneentratien of pelargonidined-glucoside determined,
Where reaction rates were measured in the prosense of nie
trogon, water pusp wnitrogen vas used and the solutions
vere flushed with nitrogen before the rate sbtudies oops
menodfl. In systems contalinidng aceorbic a6id or anino
aelds these compononts were added along with the buffep
and pigment. Tho reaction vwas folleowed until the origie
el pigment concentration had bosn rodussd te at least
one heldf awvd in all cases a pimlmun of seven Freadings was
takon.
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RESULTS

I, The Pree Amine Acids of Strowberry Juios

The degradation of pelargonidine3-glucoside iu &
suzap or ascorble aeid system has beon found to be fupe
thor accelerated by the preseouce of glyoine (14)., This
effeet is probably due to the produstion of an ivcreascd
avound of active degradation pﬁ@&u@t@ as o résult of ths
intorastion of the amine acid with the suger or ascorbie
acid. PFeor a botlter understanding of the extent of this
reaction i strawberyry julee vamples a knowledge of the
free oming selids of sbrawberry Julce would b nECOLBATY.
The ouly refepenses lu the litoranture to amine acids in
strauberrics aro those by Castmir and Jokoviev (6) and
Capimizr (5). These studics were made vu senples of
strawberry products after acid hydrolysis and heonoe do
wet reproscnt the freo amive aelids in straubsrry julcd.
Using the metheds described caplior (ses page 12) the
following enine acids were ldoubificdes
Aspaprtic acid Glutaning Cystine and/op Gysteino
Glutasic acid  Asparagive  Leueino eund/or Iscloucing
Alanine Thrconing Valing
Serine Arginine

Asperagine, glutamine, alauine, agportic acid and glutamie

acid were found te be prosent in the largest apsunitc.
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The prescuce of theso acids was confirmed by supers
imposing kunown acids on somples of the julce awd chromato-
graphing, Some additiounal obpervabions alsoe confirm the
preconee of several of the acids identificd. Asparagine
givep & characteristic brovm eoley with ninhydrin rengent.
Hydrolysis of the Juice gample yeomoves the spots &ue to
ssparagine and glutamins at the same tine preducing an iue
ereasd in the gize of the spote of aspartie acid and give
tomic acid. UYith chromatograms run in the bubtanel/scstie
acié/uanter system sspartic acid gives with the ninhydrin
reagent o characteristic dluce-green coler which fuvrws
purple on standing. w@@a‘@,gma@® seumpde it proved to be
4iffieult to secparate serine from glutemic agid with the
buffercd phenol system, The prosones of sorine was deters
pined by first chromategrophing & sawple of julse in the
utanol systom, ACLoy Epying, the lower portions of the
chromategran were cub out and csluted onte & buffored £ile
tor peper awd run in the phonol system, The pregencs of
soplue vap estadlished in this mauner.

The conccutrations of the amino acids preseut iw the
largest omounts were dotermined ond the rosulis obtained
are tabulated in Table I,
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TABLE X

Conoontration of Froo Amino Acdds in Strawborry Julce

Amino Aecid Counceatration wmg/lo0ml
Asparagine 39
Glutamine 15
Alanine 12
Glutemic Acid 8
Aspartic Acid 3

Each valme.r@pr@@@nts the mean of three estimations.
The accuracy of the measurcments was from 5108, whieh was
adequate to give the order of concentratioun. The other
fé@e apino acide, serine, threonine, arginine, valiune,
eyctine aund/or oysteine, and leucine and/or isclouveine
wore preseut in concenbrations of lesn thown Z2mz per 100ml

of Jjuliee,

A. Pisuont Degradation in the Pregeuge of Sugars and

Their Derivatives
The Gogrodation of polargonidin-3e-glucosife was obe

gerved im 0.5 golutiens of the monosaccharides anf 0.25H
selutiens of the disaccharidses. These concentratiouns

approximante the goluble sollds content of strawberpy
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Juices A pH of 3.40 wes maintained with 0.1¥ citrate
buffer and the recactions were follouwed in the presence of
alr and nitrogen,

Popr first order kineties the characteristic relation

LBt 10 o = X €
el 1
where a = indtial councentration of reactant

% = fragtion of rencbant destroyed im time ®gY

ky = first order rate coustant

Por a system which follows first order kinmeties a
plot of 1in E%z agnainet time gives o etralght line passing
through the origin. The slope of this line is equal to
the first order rate goustant. The rosgults from the rate
gtm@ias were analysed in this fashicn sud it was found
that in nost cazes the rate of disappearance of
pelargonidin-Jeglucoside Lfollowed firgt order kimetics.
The type of rate curves obtaiued are given iv Pligure 1g
g%g is plotted on a legarithmic geale aegainpt time. The
rate of pigment degradation iu Giffercut systems can bhus
be expressed by the fipst order rate constant. In sucrose
syatema firat order kinetics were uot attained until the
reaction had procceded for appromimately 120 minuteg,
First order rate constants gquoted for sucroee syetems

refer to thig portion of the rate curve.
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Reaction Rate Curves for the Degradation of
Pelargonidin-3-glucoside in the Presence of Sugars,
(1) 0,5M Fructose, (2) 0,25M Sucrose, (3) 0,5M
Glucose, (4) 0,5M Gluconic Acid,
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In Table II the sumare used eud the rate conzbaats,
both in aly amnd nitrogen, are listed. The percent reducs
tion iun robe countant observed im the prescuce of nitros
gew is alpe tabulated. In the prescuse of aly the rate
of pigment dogradatien in 0.25H sucrose is approximsately
helf thot observed in the 0.5H fruetess systom, This
would suggest that the log observed is due to the hydrolye

sds of the sucropd.
TABIE II

Pirst Ordepr Bate Constents for the Degradation of
Polapgondd igg'~;»m@@@;&@ in ﬂiﬁf@?enﬁ_ﬁ;ﬁaryﬂolutiey

Firat Ordor Rate Constant
@in.”l % 103

P@r@ent

—Snrar e Air - N&tdmg@n

Glucoge 2.60 1.93

Fsuetose 7493 2.80

Sueroge 3496 2,88

Serbitol 2.04 2416

Gluconis Acid Zodls 2415 Qo0
Glucuronic Acid 34,70 10,00 32,0
reltose 2,66 2,07 22,0
laetone 350 2,32 3.0

Buffeor 2.02 1477 12.5
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Prom these resulis it is secon that sugars such as
fruetose and glucuronic aeid, which aye kuown to degrade
quite rapldly at leow pH, have o pronounced offect en the
rave of pigment degredetion. Olucuroulc @eid GocOmMPOSTS
to furfural and fructeve to S-bydronymethylfurfural
(18, ps69-71), Sorbitol and gluconic zcid, whieh are
gteble under the conditions of these experimeats, show
dogradntion rates comperable with that observed in the
buffor system.

in the presenes of wvitrogew, marked reduotions in
the rate of pigment degradation are obgerved, However,
differeuces in the reate of pigment degredation are still
obgerved with the sugers used. The pelative peduetion
obaserved ian rate constant wac uot the same for all sugars
used, The rate of pigment breakdown in the gluweenic acid
end sorbitol systems was virtwally vhe same in alr as it

was dn nitrogens

B,

BExperimente conducted by Mackinmey, Iukton and
Chichestor (14) indicanted that pelargeuidine3-gluscoside
was decomposed were repidly in a sugar solutivn contalne
ing 1% glyeise than iv @& pure sugey or glyeine solution.
A 18 glyoive selutien would be somewhat more concentrated
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than ome would oxpect in strawberry Jjuice, In the studiecs
carried out in this laberatory the effect of sugar-amino
acldd inbepraction en the rate of pigment degroadstion has
beon cbserved ot emine neid concontrations of the same
order as thob cxpestefl in strawberpy julee., Fer eueh
amino acié uwoocd the rate of pigment degradation s ebe
gerved $v & pure amine acid systen, amine acad plug 6.3
glusose and aninoe acid plus 0.25Y sucrosc. Ia each case
the amine acid consentration vag 2.5 % 1075 and 21l
systene were buffercd o pH 3.40 with 0,10 sitrate. The
anine aelids used were reprogeutative of the different
functicunl types found in strowberrico.

In thege systers alse, the rate of dccomposition of
pelargonidine3-glucoside followed first order Uinctics.
The rate curve for suerose systems vas slmilar to that
observed proviously. In Table IXIZ, the first order rate
sonstants ere tabulated for the difforcut systems studied.

The results fndiente thot arginive and eystine way
have some effcet on the rate of degradatiown of
pelargonifin-J-glucosids in & buffer eyobom. DBven &b

this pH whero amine acid-sugar interaction in relatively

low, the prosonse of anino acids ip the glucose and sus
orone eystemp profuced aw incretse 4u the reate of pigment
degradation. There s some question in the arginivée
glueose systom vhethey the increage ic due O the
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erginine or argininc-glucese lateraction. 'The lncrease in
rate constant ovey that cboerved im & pure glucose system

is ouly elightly lar@e? than the irerease in rate constant
of the arginine-buffor systom above that of a purs buffer

systom. Cystine proved to be the wost active of the amine
asids tested.

TABLE IIX

Piret Order Bate Counstaouts for the Dogradation
of Polargouldine3-glucoside in the Ppeseuce ¢f
Suzar-duine Aold Systomo

“mv Firgﬁlﬁrﬂem Bate Coustant (ﬁiaﬁﬁ g>%@3)
_amim@_&a&d _Bwff@r @1@@@@@__ &m@r@sé |
Asparagine 1,96 3409 o 2N
Alouine 2:09 2.86 bo b9
Serine 2,05 2,92 b, 5k
Arginine 2,36 308 T
Cyetine® . 2.53 3+58 b,96

Bo Amino Acid 2.02 2,60 3.96
2 Conccntration 1.29 x lﬂ'ﬁﬁ |

In gome preliminsry oxporimonts the amino aelds were
heated in & 0.5 glucose solution bufferecd at pH 3.40.
Tho wltra-vicolot spoctrs of these syotews showed a naxdmum
abgorbancy at 285 wp. This maximum iz characteristic of
Sehydroxymethbylfurfural, Argleine and cystine were also
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the mest active in these systoms. It would appear that
the exntent to which amino ssidwgugar interactien affests
ehe_mata of pigment degradntion is dependent o8 the 6Re
tent of ougar degradation as messured by the appearance
of S=hydronymethylfurfural.

Ce B on the Bate

The rate of degradation of pelargonidine3-glucoside
was obgscrved in varying concomtrations ef glucese, susrose
and fructose ot pH 3.40. In 8ll cases an incresse inm the
sugey concentration resulted inm an inercage in the rate
of pigment degradation at pH 3.40 and ©6° ¢,

In Pigure 2 the logarithm of the firet order pate
constant is plotted againot the suger comesntyration, Over
wost of the conccntration range investigated o linear rew
lation wag @b@é@@@&m ‘The reason for this relatien is wot
apparent, With the glucese pystous eoxtrapelation to
zero councentratlion gives a value for the rate constent of
2.2 % 10" gygl which coprosponds with that already oObe
serveds In the fructoss end sucrose systens extrapolation
to the ordimate does not coprospond o the rate censtaunt
obgerved in the buffer systcl Proviousiy.

An ipfication of the stability of the pigront in
differont sugar golutiens ¢an bo obtained from Table IV,
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In this table the time for the initial ceneentration ef
the pigment to be redused by one half is given.

TABLE IV

Times for Beduotion of Imitial Piguent Conceatration
by Oue Helf in Differopnt Sugar Solutions

Glueose . Frustose Sugrege
Concen. Time Coucen., Time Concen, Time
(Holes/1) (Min,) (Holes/1) (Mim.)  (lloles/1)(Min,.)

05 254 Cel 210 0.2 200
1.0 213 0e2 159 0.3 188
1.5 170 O3 132 Ol 166
240 138 0uds 110 0.6 138

0.5 93 0.8 128

D. ZThe Effcct of pH on &he Bate of Degradption of
Pelerponidin-3eglucoside in Sumar Sclubious

It hae boen shown thot polargenidine3-glucoside is

more stable at lower pH (13), but on the other hand it is
knowa that the rate of degradation of both glucese anmd
fructoss to Se-hydroxymethylfurfural incroases as the pH
‘decrenses (22). Alse it has beon demounstrated that 5e
hydrogynethylfurfural iec ective in acoclerativg the doe
gradation of this pigment. Thug two apparently countop=
acting vapricblep ars in existenee in this gyotem. In
some preliniuary oxperiments ulbtraeviolet spoctra of
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glucoge and fructose solutions heated at pH 3.40 inflcge
ted the presencs of S=hyQroxymsthylfurfural. 1o these
experiments the rate of degradstion of pelargonidinede-
glucoside was followed iu 0.1U citrate buffer and 0,58
glucose and 0.1H fructess celubions also bulfered with
0s1M citrate. The pH of those systems was varied {rom
3,95 to 1,80 and the roactions were ¢arried out in the
pregence of alr,

- In ordor to interprot tho resulis it was necossary

to ebkain an cstinate of the pk of the rometion
3 - - - - ot
R* + 2H,0 = ROH + H3@

where R* represeuts the colored bemzepyrylium form of the
anthocysnin and ROH the pseudo bose form. 4 value of 2.?8
for the pK ef this reaction at 25° ¢, and 45° ¢, hae been
reported (23 and 13). Mo veluce for higher tempeoratures
have boon reported., Using Ghe procedure cutlined (seo
page 16) a value of 2,95 at & temporature of 86° ¢, was
obtaineds This velue is within the range of 2.98 & 0,06
reported by Somdhcimeyr (23). Hence in interproting these
resultes from cxperiments otrricd cut at 90° ¢. it wowld
peom that & pK of 2.98 would be & valid approximation.
The sitrate buffer malubteined the pH of the sysbeusg
within 0.05.®f g pH unit. The rate of pigment lose
followed firet order kinetics im all the systems studied
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in this series of experimento. The results are tabulated
in Pigure 3 whore the rate conptants are plotted asainst
the percentege of the anthosyanin prosent & the bohe
zopyrylinn form. The lincey relation observed in the
three systems studied imgl&aé that, over the pH range
investigated, the degradation of the esuthocyaain ip 8-
pendont on the proportion of anthocyanin present as the
peoude base., Iukbon, Chichester eaud Fackinaucy (13) obew
served this eff@é% in buffer systems as well as in juisce
sanples at & temperature of ¥0° ¢, The pesults from the
fructose cystem are not s cousiehbent as in the other two
systems but the general tread is the same. Ao the pH
decreases the difforences im rate counstants for the three

pyctens also Acoressos.

2l

B, The Bffest of Seme Suser Degradstien

L Aew

asllicie % 2o

srease in p&t%@m@ @@gﬁ@@a@i@m in the preseunce of furfural
and 5ahyﬂv@xym@taylfumfuwal has becn deporibed by
Mepohter (16) and Warkekis, Livingsten aud Pellers (315).
Those studles were carrled out ot 38° G. and 40° C,
respestively. Hesehter’s regults iundleate thad, ot
eguivalont conecntrations, furfural s considerdbly more
active than Sehydroxymethylfurfural at 38° g, The
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concentrations, however, are quoted in parts per million
and a rough interprotation of these resultp on the basis
of eguivalent molayr eonceutrationc inficates only slight
diffepences in activity botween these two cempounds af
this teomperaturo,

The effect of furfursl and S-hyarozymethylfurfural
on the rate of degradation of pelargonidine3dsgluceside at
969 ¢, oud pH 3.40 was followehs The roactions were
carriell out both in the presense of air and in the pre-
seuee of wnitrogen. The fuprfural was 4istilled vuder a
vacuum in au atwosphere of nitrogen bofore use. The
first ovder rate conctants obtained are listed ian Table V.

TABIE ¥

Pirst Ordepr Rate c@n@ﬁ@mta for the Degradation of
Pelay @@iﬁi@aau weoside in the Pr@senm@ of
Furfural andAﬁaHr g;@@%hvlfarfmﬁal at pH 3. uo

Pirct Ordep Rate c@n@samt (m1mf1 % 1@3)

- —burfural . SRy Arozyue Ly .
C@n@@mtwaﬁian Adp N&@@@g@m Alp Niﬁr@g@n
@.@1% 2 » @@ l.. 8? - r=

Degradation rates were alse oboerved in 0.1H fur-
fural but first order kinotics were not ohserved in

either air or nitrogon. A considersble reduction in the
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rate of pigment degradation wasg obgerved whoun the reastion
was carricd out in the presence of nitrogen rather than
air, The reaction rate, however, was not refuced to that
observed An a buffer system in the presence of nitregen.
Either there was a residual effect from the small amount
of oxygen that could be prosent or these compounds do
have some effect im the sbsence of oxygen.

The rate of pigzment degradation was also observed in
0.05¥ solutions of furfural and S-hydroxymethylfurfural
at different pH values. As in previcus experiments
0.1M citrate buffer was used. First order kineties were
observed and the rate constants are plotted against the
percentage of the anthooyanin prescnt ss the benzopyryliusm
salt (Pigure 4). The valucs cobtained at the lower pH
region suggest & linesy relation but the rate covstants
obaerved at pH 3.40 (Table V) were wvot consisbent with
this relation.

Both furfural and S-hydronymethylfurfural produced
e marked effect on the rate of destruction of polargonidn-
J=glucoside., Tho magnitude of this effecl was considere
ably reduced by carrying out the reaction in the presence
of mitrogen or redueing the pH. IS-Hydroxymethylfurfural
was oounsistontliy more reactive than furfural at egquivas
lent coneccuirations. Theso exporiments, carried out in

systems of varying pH, would suggest that the poecudo~base
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form of the anthocyanin was the active form in these sy-
stoms also. It caunot bo consluded from these studios
that the pigment roacts directly with either of thoese
two compounds. Both &?@‘V@Py labile, partieuvlarly in the
precouce of oxygen ond the dogradation of the pigment
conldd poseibly be duec to the prescnce of some oxidative
product dorived from these aldeohydcs. Houwever, in & §¥e-
ptem v whioch either of these twe ecompouruds was profuced
in some fashiocn, one could expeolt & significant rate of
Pigment degradation. Thus the degredation of sugare in
the preosecuce of acld or omine acids whisch result in the
vreduction of these types of compounfs produce an ine
erease ig the rate of pigment breakdowm, It is poesible
that the effect of mocorbic aecid ecounld be duse in part to
ito drealkdomm to furfural.

2, levulinie Aeid sud Pormic Agid. In acid medium
S<hydroxymothylfurfural is degraded to levuliuic acid and
formic acid. The kinetics of this rcaction have been
studied by Tounigsen {(29). Because of the possibility
that ecither formic or levuliuic acid was the reactive
specle in pigment brookdown, the offect ¢f levulimic
acid and formie acid on the breskdown of pelargonidine e
glueeside was obesrved. The reactions were carpied out
in 0.1% eitrote buffor at pH 3,40 and af & touperaturc of
202 €, The first ordey rate constents obtained are given
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in Table Vi
TABLE VI

First Opdor Rate Counstants for the Degradation of
Polaprgonidine-J=glucosgide in the Presgence of
JLevelinie Acid ond Formic Aoid

Pirgt Order Rate Constant (Maw™t x 107)

Coneentration FPormiec Acld Levwlinic Aedd
Go10H 315 3068
0. 05M 2455 2.75

0.01H 2.25 2.40

The rate of pignent degradabtion in these gysicms,
although groater than that obseorved ia @ buffer gystem
of the same pH, was uweh slower then that observed in
cquivalent conpgentrations of Sehydronymethylfurfural.
Thus 4% is apparont that the secclorating offest of S«
hydponymethylfupfural is wnot dependent on its breakéewn
to levnlinlc aecid and formic acid, It might be added
that in the breakdown of this compound, othor substances
bopides these two acids are formed., A certalam amount of
repinous paerial is produced,

Fe the Degpe

L

In strawborry Julee the constitucuts whish appeer O
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be m@&t.actavﬁ in determiniug the rate of pigment degrada~
tion would appear to Lo asecorbic acid, sugars, end anino
acids. A soumple of strawborry julee obtaived from {yrozon
Harehall strawbeyrics wae analysed Loy pigment consenbrae-
tion, aseorblc neid, seluble polids and pH, The resultse

are sunmarized in Table WII,

TABLS VIZ

dscorbic Acid 20 mg/loowl
Plgment 22 mg/i00mi

The rate of degradation of pelargouldineI-glucoside
in & sample of this Julce adjusted o pH 3.40 with oltrie
acid wes compared with the rate of degrodation of this
pigment in tho felleowing systemsie

le 0,58 glucose

2e 0,54 glucoge plus enine acids

3¢ 0454 glucose plus sscorbie acid

&s  0.58 glucope plus ascorbic aold plus amine
acids

Theso oxperimente were ropented substituting 0.25H0

gusyrope for the glueese. The conecentyation of ascorbic
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acdd was 20mg per 100sl (Table VII) and the animo aeids
consisted of a mizture of the five most abundant aeids
found £re¢ in strawberry juice presewt in the couscentras
tiong given in Table I (see page 21).

The rate cuprves for the suerese pystems are given in
Figure 5. Both glucose eud gucrose systems give & more
rapid rate of piguent degradation than that observed iv a
buffer systen (see Table I, page 21), sucrose boing more
active over & three-hour peried. The adéition of the
anine acids te the sugars vesulted in an a6ditional ine
ereasé in the rote of pigment degradation. In the sugor
plus ascorbic aeid system thoro was 1ittle differonce bee
tween the glucose and suerese gystems, & marked iuerease
in the rete of plgment brenkdoun being observed on sddie
tiom of asoorbic acid. Further addition of the amine
acids to the suwar-2nine acids predused & snall incpesse
ia the rate of pigwment degradation. It was interceting
to note that lu the letter cystem after an initial lag
period which was not obeserved in the julce sample, the
wa&@‘@f_p&gM@mt degradation approaches that observaed ian
ptrawbersy Jjules. This would ludicate that these thres
factors account for the greater part of the pigment
brealkdoun in strowberpry Jjuice.

The juice pample showed firet order kinctiss for the
degrodation of the pigment. The feet that we lag was
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ocbperved in the Juice seuple may be empleliucd by the fact
that the &@ﬁ&@é prineiples worpe already preseut in the
pample but with the syunthetic sample a shert time ums
necessary before these faectors wore profuced at a rate
sufficicnt Go sgual the rate of pignment breakdown in bthe
juice, The ultraeviolet spectrum of an ether extract of
strawberry juice showsd a maximum at 283ump. This ¢orreg-
pouded e the maximus absorption of §w&y&w@xym@@mylfuﬁe
furad.
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DISCUSSION

The stablility of pelargenidiuve-3J-glucoside varied
conciderably in the differeont systoms studied in these
experiments. & hundredfold difference in first ordep
rate constant was observed at 90° ¢, The rate of dee
gradation of pelargounidin-3-glucogide iun most of the sye-
stems studied followed first order kinoties, First ordep
kinetics for the degradation of this anthooyanin have
also beon observed by Lukter, Chichester aud Mackinney
(13) in citrate buffor syctems and in strawberpy jaic@
in the presence or absence of oxygen. iHarkekis,
Livingston and Fellers (15), however, working in oitrate
buffer systems also, observed £irst order kinetics im
the presence of nitrogen but wot in the prosence of oxy-
£0Be It is possible that in the latber oxporiments the
onygen concentration became limitiug since these data
were obtained frow sealed tudbs experiments. Ia the sye
stems used by Iukton gt al. (13) and in this laboratory
tho reacticn mixture was catuprated with oxygon by con-
tiaually agitating with alr or ouyzen.

Perhaps the most striking effect in the work reperted
here was the increase im pigment stabllity acseclated with
a deorsase in pHe This incronce in stablility was obaerved

even in the presonce of active componente such ag furfupral
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and Sohydrexymethylfurfural. Iu the presence of glucose
oy Frustose as well as in & buffer gyetem a linear relae
tion was observed betweea the Tirst order rate constant
and the relative concontyation of the anthoeyauin presont
as the pseudo-boso. Lukton ot al. (loc. eit.) working
with elitpate wffer gyctems and astural ctravwberry Jjules,
have observed thio type of relation awvd suggest that the
astive form of the pigmeut is the pscudesbase form. The
rosulte obtained in this laboratory substantiate Chis
hypothesis,

Hogehter {316) hos also roported on the effest of pH
on the desredation of pelargonidine3J-gluceside in & oone
contrated suerosd system. A pH range of 0,30 €0 3.10 wns
covered and o moximun half-1ife was obsorved at pH 1.80.
At pR veluos lower thew 1.80 the belf-life decreased

quito rapidly. This rather abrupt chouge might be ofe

plained by the foect that at the low pH volues mg@a'é@m@
hydrolysic of the aunthooyanis te the authoeyanidin wight
ooccurs In this cage one would oxpest & more rapid degra-
dation of the pigment sincs the work of Lukten,
Chichesber and Mackimmey (13) kas shown that pelargonidin
i conniderably wrore lablle than the glucosidc.
Alternatively, this effect couwld b explained by &
marked chonge in the ratio of the couneontyation of ougar
degradetion products to that of the pscude~bage form of
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the anthosyanin, A% pE 1.80, 962 of tho polargonidine’e
glucopide is prosent as the bonzopyrylium smlt. Furthop
deeronas in pH produces only small changes in the pro-
portions of the twe forms ¢f the anthocyanin. On the
other hand with rofercuce to 2 paper by 8ingh, Dean and
cantor (22), & comparcble chenge in pH would produce a
papked effoet on the rate of dogradaticn of cucrese.
Heneoe oven though the amount of pigment pregent ag the
peeudo-base boconss smallor & marked insrense in the
amount of cuger degradatien profucts could accouat for
the imercase in the rate of pigment degradation, Under
puch elrcumetances the yate of change of the behzopyrylium
galt €0 the pscude-base would evenbually be the limiting
step.

The important paprt thet sugars can play iv the dee
gradation of pelaygonidinel-glucoside is demonstrated by
the detrimentel effeect of (ruetose and glucuronie aclid ju
papiicuiar, Strawboryy profucts moy coutein counsgideprable
quontibies of fructose derived from the hydrolysis of
pusroscs Although glucuronie aecid weuld npt be pressnd
in strowberry juiece in significont asmounds, galacturonic
aeid could bBo obtalned from Che hydrolysis 6f pootin mas
terial.,. Since galacturenlc seld 1ike glucuronie asid,
degrades rapidly to furfural im celd nmedivm one wouwld
obtain a comparable sffect on the rate of plgment
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depradation. Fructoge wowld be of morc importawnce since
it 4o more 1ikely that 4t would be preseunt in conscuitrae
tions sufficient £o produce & significant effeet,

At 90° C. none of the sugars used in these GXPErie
nents excerted 8 protoctive effeot on the piguent. AL
lower touporatures the pigmeut hos been shown ¢o be nore
ctable in gome sugor solutiouns flbng@r holfelife) thaw in
a2 buffer system (16}, This could be due to Giffcrences
in oxygen couneentration in the differeut systoms where
suger degradation products were not & factor.

Amino acids aloo have an effect on the rate of pige
meat dogradation in the prescunse of sugers. Tho date
obtained in theoe studies would indicate that the amine
agids present in stravborry Jules do not comtribute o
the rate of dozradaticn of the p&gme@t o any layze oxe
tent. The low pH of strowberry julce would tend ¢o minde
mize the interaction of sugeare and awmino acide,

The experimental data indicate that the sugers are
probably active in the form of thely degradation proe
ducts. Those sugers such as fruetose which Qegrade wost
readily is acld medium show the most morked effeect on the
rate of pigment dogradation. An increase in suger coue
pentration alse respults in an imcrease in the rate of
pigment degradation. The sompounds furfurcol snd 5e-
hydrosymethylfurfural, which have besn idontificd ag
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sugar breakdown products (18) ascelerate the dogradation
of pelargonidined=glucesidc, These compounds also react
in 2 similar manner $o svwgers v the prosencs of nitr@g@n
and to varying pH. The marked imerense in the pate of
pignent degredatien in the presense of these twe com-
peuvads suggests that they might be direetly responsible
for the degradation of the pigmeont in the prosense of
augars. Since both furfursl ond S-hydronymethylfurfural
are guite labile in the precence of oxyuen, poseibly some
oxidative product might be tho reactive spesies aithough
typlieal bréakdown produsts sweh ag levuiinde and formic
asids were not offeetive in degrading the plgmeat.
Another peopsibility ie that iu the proscense of ougars
some prooursey of clther fupfural op S-hydroxynethylfure
fural could be the astive componont. AL the present the
ennet pature of the dogradation of polargenidine3-
glucoside ia the presensce of sugars ic not kuown. Hore
information is necded both on the wature of the dogradaw
tion of sugars in 2eid medium and the interaction of these
products with anthosyaning.

The thros most important feotors councerned with the
depradation of pelargonidin-3-glucoside are LCEPEratUre,
pi and the prosenced ¢F oxyEcr. It hae boen denonstrated
that the pE offcsct may be oxplaincd by the effect of
hydrogen lon concentration on the cguilibriuvm betuecon
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the pseuwdo-base ond the flavylium salt form of the anthos
cyaunin, Howevar, 1ittle io known regardiag the actunl
wechpuisn of the degradation roactions. Hydrogen peroxs
ide destroys anthecyaning very ropidly, it &g thought by
o eleavage of the pyran rinvg (11, p.13281). It has beewn
sugeested thet asceorble acld owes its aotivity to the
produetion of hydrogen poroxidc on oxidation.

Regont publications on the reastions of fliavylius
golts by Wizioger end Luthiger (31) and Blackburn, Seukey
and Alexender (3) indicate & possible mode of actien for
the degrodation of pelorgonidine.3-gluceside in @h@ Pres
sonce of active conponents cuch as fTurfural and S-hydroxys
pethylfurfural,. In these popere the condensation of
flavylivm perchlovates with dinethylanilive diarylethy-
lenes and nalonic acid to form the produsts I, IT and IXX

has becn deseribed
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The giguificant aspect of these remetions is @nat the
anthooyanin is active in the form of the pscude-base aund
also the reoaetion docs not take place gm the abeence of
oxygen. The rcaction ig desceribed as an ozidative cous
pling. There is & warked simllapity to the conditions
required for the degradatien of p@l@@g@ﬁ&@impaaglu@@&xa@,
where the anthoeyanin resets in the form of the pseudoe-
base and oxygen has a distinet effoet on the rate of dee
gradation.

These reactious were shoun to be equally productive
if the ohloride salt was used rather than the perehlorate.
Investigations on the effects of substituents on the benz-
pyran ring indicated that although & reasctioun was observed,
the ragte was much slowor wWith 3- end $= substituted f£lavye
lium salts. Sinee pelargonidine3eglucosidc hes substite
uente in these two positiouns it might be argued that this
would preclude this type of reaction as an oxplanation of
pilgment degradation. Hewever, the extent of the reaction
would be o function of the reactivity aud size of the
attacking group.

At this gtage in our hkunowledge of the broakdovm of
polargonidined-gluceside therec secms Lo be four distinct
reactions which may be aetive in the degradation of this
anthocyanin.



50

1, The oxidative degradation of the sunthocyanin in
pure syebtems in tho preseucse of oxygon results in the
formation ef a reddishebroum pigront and alse some browm
and yellowish material, as observed by lukton gt al. (13).

2« The degradation of authoeyanin in the absencec of
oxygen is guite Qistiuct from the former case., Uuly small
amgunte of o red-brown precipitate were formed for cquivas
lont pigmont locses. | |

3. The degradation of the pigment in the presence of
hydrogen peroxide in which & bleaching of the pigment is
obsorved secens to be auncther form of pigment degradation.
This i a very rapid reaction and 1t could be argued that
it iz o more oxtensive form of oxidative degradation of
the first classification but thers is we exporimontal
ovideuce to support this. The importencs of this degradnw
tion in natural systems has wot beecn demounstrated.

k., This classification would cover the oxidative
coupling type of reaction with guch aetive coupounds as
furfurels, cto. The offect of eugars on pigument degradsoe
tion might be clessiflied in this type of roaction. ©Cue
might explain the oxidative degradatioun of the pigmeunt in
pure gystemg by this type of poaction. This would require
a coupling of 2 molecules of the pigment through the be
poesitiocn of each moleeule., Steric counsiderations might

preclude this type of reaction, however. In view of the
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different substances shown to be active in these sondensse
tion reactions with flevylium salts, Lt might be cxpected
that pelargonidine3-glucosids may be degraded by oxidative
coupling with & wumber of different compounds, AL the
present this type of reseticn would seom to be the mest
important in foed productsa,

Apcorble acid is probably the mogt important conptite
usnt i strawberricg rclative to pigment degradation., The
exmet pature of the actien of ascorbic acid is not knoum.
It has boen suggested that it may be due to hydrogen
peroxife formed on oxidation, but this has not been
demonstrated., It &@m&ﬂ soem very probable that ascorbic
acid in @ similar maguer to sugars is active in the Torm

of its oxidative producte.
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SURMARY AND CONCLUSIONS

1. 7The froe anino acids ghewm to be present ia
perawberry juice were aspartic nsid, glutamic acid,
alanine, serine, glutamine, asparagineg, threonine,
erginine, valine, cystine and/or eysteine and leucine
aud/or iselouecine, Of these, those present in the highe
est eomcoutyation wers agperagine, glutamine, alanine,
glutamic acld and agpartic acid. The cencentrations ef |
the five moot abundant aclds were dctermined.

2. In pysteme buffered at pH 3.40 the rate of do-
gradation of pelargonidin-3e-glucoside was observed in the
preosence of different sugars and suger derivatives. Vaple
ation of the funetional group imdigated that the rate of
plgment degradation was greatest in the presenee of
glucuronie acid aud the kotose, fructosc, 5@@@1@@1, a
sugar alceohol and gluconic asid gave the slowest rates of
pigment dogradation, The rate of pignent breakdown in
the presence of sugers geoned to bo assoeciated with the
rate at which the sugar degeunerated o furfural type
compounds. If the reactions were earricd out im the
presouce of nitrogen rather than air, ¢ warked decrease
in the rate of pigment degradation was observed,

3« The precence of amine acids at concentrations of

the gane order an those obsorved in strawvberry Juice in
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sucrose and gluceose systems prodused an inorease in the
rate of pigment degradation comparsd to that observed in
the preseance of & pure suger or pure anmine acid pystem.
Thepe results would also indicate that the rate of pigment
degradation was asgociated with the rete of breakdown of
the sugar.

%, A4t 90° C, and pH 3,40 it was found that an ine
crease in the concontration of glueese, fructose or sus
erose producsd an incrsase in the rate of pignent fegradae
tion. A plot of the legarithm of the observed rate econ
stants versus the suger coucenlration resulted im a lingar
rolatieon over the eencentration range obaerved,

5. The rate of dsgradation of pelargonidineds
glvooside wae influcnced to @ great extent by pHe Thig
effoct way bo explalned by the influenee of hydregen ien
concentration on the cauilibriun between the psecudcebase
and the flavyilum salt form of the @mﬁh@éy&m&a. Lineay
relations wore obgorved between the {irst order rate
congtonte and tho proporticn of the pliguent pregent as
the flavyliuvik salt in glucesce gnd fryuetose systens as
well as the pupe buffer system. The rato of degradation
seemed to be depondent ow the proporticn of tho anthow
cyanin preseat 68 the poeuBom-bzse.

6. A rapid vate of degrodation of pPelargonidinelde

glucogide was observed im the prosenss of furfural apd
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Sehydroxymethylfurfural, Carrying out the reactious in
nitrogen rathep than alpr resulted in a considerable ré-
duction in the vate of pigment degradation. Observations
cn the rate of piguecnt degradation in the prescuce of
furfural and Sehydroxyrothylfwrfural in syctems of vapryw
ing pH also indicated that the aetive form of the pigment
wag the pseudo-bapse form. A doeresse im pH in those sy~
stoms also repulbed in o marked decreane iun the vate of
pigoent destruction.

7¢ Lovulinlic seié and formie meld, dogradaticd pros
ducts of jFehydrorymethylfurfural in acid modium alge
accolerate the rate of pigment degredation. Howeveor, the
effcot observed with these compounds was suall coupared
to that obseorved with Sehydroxymethylfurfural, This
would indicate that the accolerating effest of f=
hy@rozymethylfuverfural wae not dependent on Ats breakdown
to those compouvnda.

8. A compopsite pystem conteining pigmont, suerese
or glucose, amlne acids and ascorbic asid at concentraw
tiong similer to thoge observed in 2 sample of stravberry
Juice, after an initial lag perled, gave a rate of pigmond
degradation almost equal to that obsopved Lu the watural
shrauwberry julce sowple, These facters would apparently
ascount for the greater part ef the pigment degradation

in ptrowvberry produets.
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9, Studies in mofel systems with pelargonidins3-
glucoside seem to iudilcate four types of degradation
reactions (1) Bremkdown of the pigment in pure systems
in the prescuce of oxygen, (2) Breakdown of the pigment
in purse gystoms im the absense of oxygen, (3) Bopid pig-
ment degradation observed in the propense of hydregean
peroxide, (%) Degradation of the pigment iw the proseuce
of puch compounds s Turfural and S-hydroxymethylfurfural.
In the latter case At is suggosted that the degradation
of ¢he pigumeut mby be due to nu ‘exidative coupling® of
the particular active component with the snthocyanin,
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