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T k  antbocyanins and coldess phenoüa bund in red onions, Aflium cem L, were 

Gldncted with a mb&m of mcthanoI, fimk acid and watef and then were fiactionated using 

Arnbcriite CG40 a d  a Ci# solid pbuc er$raction Usiug high performance liquid 

chromîogmphy (HPLC) with a reverse phase column and a photdode array dcteaor, the 

chromatosraphic pmiiles of the fout nd onion varietmies 'Mamûo', 'Red Bone', 'Red Granex7 and 

'Red Jumbo' were detennined A tutai of four major and hur minor anthocyanins mre present 

in red oniau. nie anthocyanins and colourless phenolics were identifiai uskg a rapid 

identification procedure based ou spectrophotometnc, and liqyid and gas chromatographie 

tecbni~ues. lhe major Yitbocyiioiiis were identifid as cyanidin 3=g1ucoside, cyanidin 3- 

iamiaaribioside, cyanidin 3 -(6"-malonylglucoside), ad cyanidin 3-(6"-malony llaminaniioside) . 

The four minor ambocyaiiiiis were identifid as cyanidin 3-(3"-malonylglucoside), peonidin 3- 

glucoside, peonidin 3-malonyl~ucoside and cyanidin 3 ~ o n y l l a m i ~ r i ' b i o s i d e .  Using the 

same technique, the colourless phenoüc compouadr were identifled as pmtocatechuic acid 4- 

glucoside, qumetin 7,4'-digIuaside, quercetin 3,4'diglucoside, quercetin 3-glucoside, quercetin 

4'-glueaside, and a 5,7.dihydrmry hvauone glucoside or a S77dihy&oxy dihydn,fiavanol 

glucoside. The pcescnce of the msjor anthocyanins in red onions was confirme4 and four new 

Mnor andiocyanip< were idecitif4 in the r d  onions h m  No& A m e n a  Cyanidin 3-glucoside, 

cyanidin 3-donylgluooside and cyanidin 3-maionyl1aminan'bioside were extractai, p d e d  and 

used for the copigmentaîion study. 

Tbe copigmentation e&ct was sbldied using cyanidin 3-glucoside, cyanidin 3- 

maionylglumside, cyanidin 3-malonyllamiPanibioside, chlorogdc acid, protocatechuic acid and 

d e i n e  in aqueous bufkrs a -  pH 3.7, 4.7 and 5.7. By monitoring the c h g e s  in visible 



absorbanœ ushg a speccrophotometa. il wu observed tbat copigment structure and 

concentmtioa, and pH have a ciramatic ùdluence on the copigmentation phenornenon. Pigment 

structure did bave a sigbt  cncct but was minor relative to the &ects of pH a d  copigment 

structme. Tbc bat copigment was chiomgenic a d ,  fblioweâ by de ine ,  and pmtocatechuic 

acid which was the poaat oopigmc~t 'IEu (peptat increase in eopigrnentation was genedly 

o b s d  at p H  4-7 and pH 5.7, dependhg on the copigment used. However, the most intewly 

c o l d  S O ~ ~ O S I S  ocwrrd at pH 3.7. The tbiet copigments pduced daFerem colouf hues and 

magniadcs of copigmentatim when combineci with the thi# anthocyanuio. The ecpiiibrium 

constants for the complexation d o n  (K) and the stoichiomeûic constants (n) for the nine 

different anthocyanin, copigment and pH oombinations were detennjfled. When chlorogenic acid 

and de ine ,  a d  chlomgenic acid, dfèine and protacatechuic acid were combined with 

cyanidin 3-glucoside in increasing amounts, there was an increased copigmentation effect and a 

signincant increase in the range ofcolair produced, 

Colair stability studies using cyanidin 3-glueo~ide solutions at pH 3.7, 4.7, and 5.7 

without and with added chlorogenic acid, protocatechuic acid and d e i n e  in the presence and 

absence of light, demoiistrated that intense errposum to fluorescent and incandescent light was 

detrimental to the phobsiability of copigmeated cyanidin 3glucoside solutions st any pK The 

most photortable solution was cyanidin 3-giucoside with chlomgenic acid at pH 3.7. AU other 

solutions diwdoured more rapidly d some developcd a precipitate. Samples storeci in the dadc 

under tbe same conditions were f m d  to be more stable? apecially at pH 3.7. However, at pH 

4.7 and 5.7, the solutions were also discoloured, aithough not to the same extent as tbose 

solutions exposai to inteose light. Tbe lack of a stable red colout at pH 4.7 and 5.7 can be 

aüri'buted to the formation of the colouriess chalcoae specia k m  the red colovred flavylium 

cation. ?nu study dexnonsepted tbat light anci pH have detrimentai efEiects on the colour retention 



in antbocyram solutions, whüc the addition of oopigment cui provide colour stability under 

suitable ~ 0 1 1 ~ -  
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Coasumers îend to judge the quaüty of 6Dod based on appearance which tbey associate 

with q d i t y  a d  certain o d ~ u r ~ ,  &mur, tudures a d  d e r  praonceptions (IFT, 1986). If the 

fbod does n a  have an appealing colours the consumer may reject it, regadess of d e r  quality 

attri'butes and sensory cbaracterisb'cs. nie Food and Nutrition Board of the U S A  permits the 

use of fbd colain to restore the onginai appearanee, ensure unitorni colour htensity, inteasify 

the aahirally oonming colau, prcscrve the ide* and dwacter ofthe food, protect 5vour and 

light sensitive viirmias during storage, lend an amsctve appearance to unattractive foods, and to 

serve as a visual indicator of quality (FNB, 1971). Over the y-, consumen have become more 

h d t h  coascious and have questicmed the oalery of food inpiients, especialiy the role of 

artificial foad coloutanCs. This conceni arose &er two Russian studies in 1970 dealing with 

FD&C Red No. 2, commonly known as amaranth, deged that it was carcinogenic and 

embryotoxk (Fi, 1986). AAer conducting its own studies, the U.S. Food and Dmg 

Administration (FDA) banned the use of amarari* however, it is sti l l  pennitted for use in 

Canada, S d e n ,  Denmark, Germany, J~ipan, and EEC oaintnes. The other two red dyes 

currently used are FD&C Red No. 40, commonly known as dlura red and FD&C Red No. 3, also 

knovm as erytbrosine. These eonarns have cpuJed public contmversy and a demand for 

alterwuives to artificial food colwrants. As a cesuit, the food industry and research scientists 

have becorne interesteci in the use of iiahinl pJant pigmeuts, like anthocyanins as alternatives to 

synthetic colouranfts. 

Anthcxyanins are widespreaà in plants and are respnsible for most of the orange, ml, 

and blue colours m the fiowers, fi&, vegetaôles, laves, coots and storage organs of higher 

plants (Francis, 1989a). Anthocyariins attmct iasecLP and birds to plants for pollidon purposes 



and act P( a UV light races in lcaves (Huûorne, 1967). Humanr have useâ anthocyanins for 

their pbrmirological properties ad di-c purposes since they ediibit antiulcer activity, 

d e m a s  the bmanil eilkts of W radiation, duce crpülry permeability and fiagility? treat 

uriiury hPd i n f i o n s  rad to improve mght-time visuai acuity, to impmve adapting to low Li@ 

conditi01~, anci to deaearc tecovery time after orposurr to glve (Cristoni a d  Magirani 1987; 

Ksao and Miyakoshi, 1976; BoniGace et al, 1986; OWr et al,  1991; Morazzoni and BombardeIli, 

1996). 'Lbe ocber iiotmJ red pi- are bcDLins which are foued in beeîs, lycopene in 

tomatocs, aprPnihin ia rcd pcppers, a d  bOan in aanam (Francisy 19896). The anthocyanuis are 

the mort diverse group and are famd in aipny atûactk, colourful foods, making them logical 

colour sources. They ofBr the advamage of no adverse h e m  & i  water wlubilhy and a 

bngbt red colour (Miahkh, 1982). However. the widespread use of anthocyanins as fd 

colourants has been limited due to their instability under pmcessing a d  storage conditions. High 

temperatUrey bigh p& oxygen, enzymes. l i a  metals and d e r  compounds such as ascorbic =id, 

amino acids, mgan and phenoiic cornpainby will alî cause a decrease in the colour of 

anthocyania solution (Francis, 1989a and b). ûîher major considerations for use of anthocyanias 

as food coIowants are their potemial supply and cost, ease of purification, use, alouring 

efficiency, and aesthetic appeaî (Francis, 1975). Fortunatelyy the nmibes of complex acylated 

and more stable anthocyanins identified in recent years bas increased which may lead ta 

ove~corning colair stabiray problems and eventualiy increase the industrial application of 

anthocyaahs. Also, increased investigations of these cornplex a d m y m k  in the presence of 

other pbenoüc compounds ocnunDg inbunlly in plant products is leadhg to a better 

understaadhg of the copigmentation teactions between PiShocyanllis anci copigments. Thk 

hiowledge will hopefidly result in an ïncreased use of anthocysiniris as natural food ooloUtSIllfS in 

the future. 



Tbe abjectives dthe thesis nsearch wcre as foiiows: 

1. To Odeniify th anthcypaiar a d  colanlas phenolics in r d  oniom, Aliïum c e p  L., 

iwmg an i d d c a t ï o n  pmscdurs baseâ upon high perf9mance iiquid 

analysW. 

2. To puri@ the major acyiated Pnibocyanhs baiad in red onions for stiady of their 

copipentation properties. 

3. To study the copigmentation phenornenon of @din 3jgiuc4side. cyanidin 3- 

malonylglucoside, cyanidin 3-tnaioayllaminariibioside with chlorogenic acid, 

protocatechuic acid and d e i n e  at pH 3.7,4.7 and 5.7. 

4. To evaiuate the stability of cyanidin 3-glucoside copigmented with chlorogenk acid, 

pmtocatbchuic acid and caffeine at pH 3.7.4.7 and 5.7 in the presence and absence of 

iight 



2-1. AdkyuiPr and their colour 

The omgc, nd, violet and blue colours of fruitsI vegaables a d  flower petais are due 

Wdy to anîhocyarb. They are Wasef-soluble phenolic composinds located in the cell vacuole 

aid acmdate in the epidamal ceils of fM4 flowers? m a r ~  and Ieaves and their main niiiction 

in the plant is to attract insea. bids rad d e r  Piimsls for pobation of flowers and seed 

dissemioation @ k z a  Pnd Minia& 19930). Aathocyanins also bction as light screens in leaves 

to protect against W radiation and bave been associated with resistance to p h g e n s  in the 

Brassic4 species, simflowers, pea seedlings a d  maize (Baikr, 1965; Weisaeth, 1976; Burlov and 

K o e  1976; KrafS 1977; Hammexsciciî and Nicholson, 1978). Humaas and animais have 

consumeci anthocyanins since the beginnjng of t h e  without any il1 e&cts. Amb0cY;inins have 

the been Sound to reduce capiliary nagility and permeabiüty. bave antiulcer activity and protect 

agaiiut W radiation, urinary tract infections and night blindness (Kano and Miyakoshi, 1976; 

Bonilàce et al., 1986; Cristoni and h@&e@ 1987; 01a et al., 1991; Moraztoni and 

Bombardelli, 1996). Taus, they have been considered to k desirable sub- for synthetic 

f i  colours which are under increased consumer scrutiny and must undergo extensive testhg 

(Brouillard, 1982). 

AidhocyPiios belong to the M y  of chexnids known as the flav~noids~ which are 

StnicturaUy characterized by a carbon skelcton made up of a W3c6 unit. Anthocyanins strongly 

absorb visible light and can aeate an infina variety of eolcun in plaiits. h plants, the pH of 

vacuole sap is alwoys s l i e y  acidic or naitrsl (Asen et al., 1972). However, in experiments 

where enviramental conditions such as pH and temperature were kept as close as possible to 

naaual conditiom, mort antbocyanins were stable but in a colourless form. Tberefore, it tpppean 



mec* exkt in W, which stabilize the coloured fonns of anthocyanins. Substances which 

coeWt anthocyanins in ceUs indude &her phenoüc compounds, pmteins, amino acids, 

sqars, organic acids and min&, these der  compamds are known to prevmt colan loss or 

enhancc the colair thnnigh the pbenomenon known as copigmenîaîïon. h oder to understand 

copigmmtation and its two types, ùitcr- aad i d l e a h  copigmen@tion, one must understand 

the stmctmc ofanthoqmins rad the transfôflllSItioas îbat tbey undergo in water. 

Naturaüy oonrniag anthocyaains are derivatives of the flavylium chromophore which is 

aiso known as 2 - p h y 1 - l ~ y r y l i u m  (Brouillard, 1981; Danigles and Elhaui., 1994). The 

basic flavytium chromophore, depicted below. consists of  A, B and C rings Pigure 2.1). with the 

A and C rhp hrming 1-benzopyryiïum ring and the B rhg or phenyl group atisched at the 2 

position- 

Figure 2.1: Flavylium chromophore. 

Anthocyanins ue usually isolated in the fonn of flavylium saits, the pncise composition of which 

depends on the type of acid used in the isokion procedure. The flavylium cation represents the 

bad<bone ofthe anthocyanin to wbich hydropryl (OH), methoxyt (OW) and 8lycosyl p u p s  are 

aüached to give the treanendous variety and combinations of anthocyanins fnind in nature. 'Ihe 

anthocyaniâins are the anthocyanins without a su- moiety The six most cornmon 

anthocyanidins are peiargonidin, cyanidin, pconidi~, delphinidin, rnalvidin and petunidin (Figure 

2.2). 



Vaiiation of anthocyanin colours is due to the Merences in the degree of hydroxylation of the B 

ria& glycosylation of the C ador B ring, acylation of the sugarss and pH and temperature of the 

milieu in which they are viewed @ b z a  and Bmuîhi ,  1987). At a low pH (pHcl), the colours 

for the six main anthocyanidins range fmm orange for peiargonidin, and orangered for cyanidin, 

to red Tor peonidin, and to bluish-mi fôr malvidin, petunidin and delphinidin (Robinson and 

Robinson, 1931; Friuicu, 1989a). Anthocyanidias are UllSfabIe and insoluble in water; however, 

glycosylation confa solubility d stabüity to the mokcules. The most cornmon glycosylating 

agents are monosaccharides such as glucose, j p k b s e y  thamnose and srabinose as weU as di- and 

through the C-3 hydroxyl group of the C-ring. Wâen more thn one sugar mojety Y present, the 

mgar may be aüacheû to any of the hydroxyi w p s  present at the C-5, C-7 C-3'. C-4' or C-5' 

positions on the rings. The sugars of the anthocyanh can be acyiated with a Vanety of acids, 



incIuding acetic, malonic, succinic, benmic, sinapic, fedc ,  e i c  or cinnamic to form mono- 

or polyacylated anthocyaniiw m m e ,  l%f; Timberiake and Bride, 1975; Bmuiliard, 1988; 

Mprrp md Minia& 1993). Acylation ir important Jince the acyl groups interact with the 

p y ~ ~ i i u m  I& ofthe flavyiium chromophore (Goto et al., 1982) or they pmmote the association 

ofthe flavylium cation with a fiaoaoid m o l d e  (Goto et al., 1979). Inis interaction is the bask 

fbr copignmtation, which resuîts in the ûemeadous Vanety of colow in n>oQ coDtaining 

anthocyanins. 

An example of an acylated and glycosylated anthocyanin k platyconk which has a 

diacyiated side chah (Figure 2.3). The stmcture was elucidatal by Goto et al. (1983) ushg 'H- 

NMR spectrometry. Of the six hydroxyl groups on delphinidin, four are unsubstituted At C-3, a 

mtinosyI residue is p ~ ~ u n  ami at C-7, a linear chah of altemathg glucosyl and d i y l  groups 

is present 'The Mnety of compcinds possible, owing to the varyiiig de- of substitution and 

types of substituting agents accouts for the tremendous diversity of anthocyanins in nuaS, 

vegetables, grains, leaves and flowers. 

F i p n  2.3: Stnacbin ofplatyconin, the ldhocyauh ofPhtycodon g~undflomm tlowers. 
(Goto et al., 1983). 



2.2 Structural brirformatioi of aathocyaoins in aqocous solutions 

'Lbc colau of a soiution coirtaining aaîhocyaniiu is dependait primady on the structure 

a d  BmuillPrd. 19a1). T k  stiucturai ~ & o m  observeù when the pH ofr solution 

is k m a d  or decreased in an acidic or neutrai aathoc)anin solution were clarifieci by Brallllatd 

and coworkers (1977, 1982, 1983). Tiuough the use of kinetic, thamodynamic and 

speefioscopic techniquesy it was demonstmted that in aad* aqueous solutions at 2S°C, the four 

major anthocyanin species existing in equili'brium are the ~uinonoidal base (A), the flavylium 

cation (AHC), the pscodobase or carbinol0, and the E and Z-cbalcone, (CE and Cd. 

Figure 2.4: Anthocyanin fonia in epuiiibriiim. 
@angles and Brouillard, 1992) 

Of the f i  stnictutesy the Davylium d o n  (m and the quiwnoidai base (A) are the only 

coloured fornu. At an acidic pH, the flavylium cation (AH? is mi, the quinonoidal base or 

anhydrobase (A) b purpldvidg whereas the pseudobase or arbmol or hemhcetal @) 

colodes rad the chacone (CE and Cz) is pale yeliow. Thedore, the degree of colouring of a 

solution at a given pH is dependent upon the relative amounts of the four species present 



(Btouillud and Dubois, 1977; Mazza and Bmdard, 1987)- At a low pH (approximaîely O to 1), 

the flrvylnim cation (AH") dominata wah very little pseudoôase (B) present to give a red 

soiution. At pHS rbove 2.0, the fîavylium cation (AK') loses protons O and as a resuIt, 

bludpuiplt quhoinoidal bases (A) are ficmed. 'Ibe & may also hydrate to colourless 

pseudobasa a carbiadr (B). TbcK. in tum, a@i'brate to th open chalcone fonn (C). 

Brouillard ad C O - w o h  (1977, 1982) CkniOIWtfated t k  tbe kinetic and thetmodynamic 

competitioo bchRom the hydntion W o n  of the pyrytium ring and the pmton W e r  was 

r e m  to the aidic hydroiryl groups of the aglycone. They M e r  danoastrated that no 

hydration of the quinonoidal bases occurs and confbmed the existence of an open cbalcone 

stnrcture* 

The mechanisms for the ~ n v c r s i o n  between the quinonoidal base (A), the flavyliurn 

cation (AH+), the p s e u d h  or carbinol (B) and the cbalcone (C) occmed as is shown in Figure 

2.4. 

AH+&A+H+ (0 

M+H,O&B+H+ (2) 

BAC (3) 

K. = acid-base eqpiliirium constant 

=Y Kt = equilirium constant fbr ring-chain tautoxneric equilibrium 

a$= activity of the hydrogen ion (H? or the hydronium ion (H30') 

pH = -log a$ 



hi the acid-base eqpikiirium m o n  I), the flavylium cation (AH? losa a proton at 

the C-5, C-7 ador  C4' hydimtyl groups at a pH of 2-6 and rCJUhS L the formation of 

quinonoidai bases in a aul acid-base equiliirium. In a d  -, most of the AH+ (reà) 

convert O A @lue) at tbc p&' due, whrh ~ g a  h m  3.50 to 4-85 (Brodad, 1982; hilaaa 

and B m d h d ,  1987). Ibe high aciâity of the phenolic groups is due to their positive charge 

king ddoaüzed over the clitire fivylium ring system. if a second acidic hydnqi graip is 

pment in the &on, an ioaized quiuonoidd base ir f o d  by deprotonation to produce a 

feso~ce-siabilized quinoidal anion in the pH range 6-8. The conjugaed double bond system 

confers goad resonance stabilization on the molecule. 

In the hydration equilibrium (Equation 2), there is addition of a water moleaile to the 

flavyIium cation to yield a cafbinol pseudobase and a hydronium ion. Brouillard (1982) 

determined that 3-O-glycosylated fiavylium cations are readily and completely bydrated to the 

carbinol pseudobases at pH values ranging b m  3 to 6. Nucleophilic attack by water at the C-2 

position of the C h g  is kinerically and thermdynamicaily fiwoued, although it may also occur 

at the C 4  position When a giycosyl moieîy is absent h m  position 3, the hydration process is 

las enicient and the carbinol psnidob ody fonas at pH d u e s  of 4-5. The p&, values of 

most anthocyanins are in the raqe of 2-3 (Bm- 1982; Maaa and BrouiUard, 1987). The 

carbinol psni-es p d u c e d  are always colairless. Codent hydration of the Bavylium cation 

o c c m  whenever poorly e o l o d  anthocyenin solutions are obsemd due to the SW in the 

equilibrium fàvouring the colou11ess &in01 pseudobases. 

The equil'brium (Equaîion 3) between the carbinol pseudobase (B) and the cbalcone 

pseudobase (C) is d e d  riag-chain tautameric eqyüiôrium and bas been shown to occur at pH >2 

and is fàvowed by a hi* temperature (Brouillard and Dekporte, 1977). At m m  temperature 



and in a siighîiy acidic aqyeous soIutioas, tputomcnc equilibrium is slow ta estabiish bc*uise 

ody r d  amounts of M a n e  pseudabase (C) exkt fot Pltural amhocyanim under such 

conditions. 

Wbca flavylium sait is dissolvecl in a dightiy acidic or aikaiine soIution, the neutrai 

a d o c  h k d  qyinonoidal bases are immcdiatcly f d .  This is fdlowed by a slow conversion 

to the mPch more stable &in01 pseydobase or its ionized form As a result, stightiy aciàic or 

slightly I3oliiie solutions of common anthocyanins bave weak colour properties d e n  

equili'brium is obtaineù, since the hydntion constant (&) is 10-100 tirnes larger Uran the acid- 

base constant (K.), whkh fgvours th hydration d o n  (Brouillard, 1983). Thedore, in plants, 

one would apect sntbocyaninr to be poorly c d o d  Coasequently, to increase theu cololu and 

staôiIity, the efficiency of the hydmtion d o n  must be reduced. Coasequently, to acbieve an 

intensely colancd anthocyanin solution, g d  protection of the pyrylium ring against 

nucleophilic PtEidc by water must be pmvided- This d d  be afforded by a reduction of & fiom 

1o3 - 10-1 tg lu5 M. I t  i8 M c  tbat admyank ,  wboae nabual environment is aqueous, must 

be pmtecied fmm hydratïon of the flavyiim cation iii order a marcirnize their colouring capacity 

(Brouillanl, 1988)- 

2.3 Copigmentation 

Copigmentation can be denncd as the phornenon, wbich aiiows for the expression of a wide 

range of brilliaut daus by anthocyanias in piants due to the m01ecuia.r interaction between 

anthocyanin pigments and copigrnents. A copigmenî is a m o l d e  that usually has no colour by 

itself, but when it is added to an anthocyanin solution, it gicatly enbances the colaur of the 

solution (Asen et al.. 1972). T b  copigmeatation phenomeaon was nni docunented by Robinson 

a d  Robinson (193 1). d has since ban fouad to k widesprd in plants. Tbe copigmentation 

phenornenon offers a logical explanation for the vast anay of colours in vivo, where the 



conditions of pH would n o d l y  pwent  aashocyanins h m  producing co~oun (Asen et ai., 

1970). ïïic m o l d e s  loaid to act as aopigments inclde flavonoids, polypbmolics, alkaioids, 

amino a&, organic acids and the admcymh themsefves (Table 2.1) (Asen et al., 1972). 

niese canpounds, especïaiiy fiavonoids and polyphenoIs are fkqyently faiid in the vacuole sap 

dong the aatbocyanim ~CIutt, 1979). However, ody a fkw such as cafheic ad, 

chiorogenic acid and rutin (Figue 2.5) bave been investigatd in d d  (hbzza and Bmuibd, 

1990; hvies and Mazza, 199 1; Dangles et al., 1993). 

Chlorogenic acid Caffeic acid 
(3-[3.4dihydroxycinnamate]) 

Figure 2.5: Sûuchues ofcommon copigments. 

concentmted, slightly acidic aqsow solution of aatbocyanias and produces an inmase in the 

colour intensity aad a change in the colav which is designated as the "bluing" &kt (Figure 2.6) 

(Brouillard et al., 1989). A copigmcnt pmducea an increase in the absorbante in the visible 

range, whkh is hown as a hyperchromic &éct. The eopigment &O causes the wavelength of 



maximum absorption to shitt towards a longer wavelength, known as the bathochromic effect 

(Ascn et O1, 1972). T m  t y p  of oopigmeatation are inter- aaci ioiramolecufar copigmentation. 

IasennoIc~~lt~ eopigmcntation occius when îhe wpigment ir non-covaiensly bound to the 

antbocyaiiin m o i d e ,  wbenar in iabam01ecular qipestasion, the copigment is a consthent 

of the anhcymh rn01ecuIe i t s c l f ( B e  1983). 



Figure 2.6: V i i i  spectra of maivin (7.73 x 104 M) and chiorogenic acid at 1:0, 1: 1, 15, 1: 10 
and 120 copigment 0 pigment m o k  ratios: pH=3.65; T=20°C; l=l cm; solvent, aqueous H804- 
CH3Cwa b e r .  ionic strmgth=ûM M. 
(Fmm B d l a r d  et ai., 1989) 



Fanacd a süght precipaPte. 
From Asen et al. (1972) 



2.3.1 Intermolecuiu copigmeotation 

23.1.1 The mecbanhm 

Bmiiillud ad (1989) rad Ahna and BmPüIML (1990) determined the chernical mecbanum for 

the cop@enîation madon betwcen anth0cY;rnms and oopigments. 'Rte mechaniSm was 

d e s c n i  as a two srage colan stabnizing a d  decoloucation mechanism and was illuarated as 

foll0~3: 

AH* +X<B +c~)+H+ (4) 

AB' + nCP &AH(CP)+ n (5) 

Where: AH+ = flavyîium cation 

B = carbinol or herniacetaî 

CE = cis-cijalcone 

CP = copipent 

&, = hydration d o n  eqdiixium constant 

K = complexation equili%cium constant 

a = number ohpigment mole& linked to the Bavylium d o n  

This general mode1 for the copigmentation &on was detennined using d v i d i n  3 3 -  

digluuxide (commonly known as maivin) and chlorogenic acid It was determined that when a 

copigment such as cblomgenic acid is present with ~m anthacyanin such as malvin, the 

oopigmentation efEéct is gnatcst at a pH of close to 3.6. The 5vyIium cation of maivin in the 

totai absence of any copigment at this pH errUls in the ool0~~1ess carbinol or henketai B aud the 

cis~balcme (CE) firms in a fàst dpuilibrium as depicted in equation (4) above. This fint step 

was pmven a prerequisite for nill expression of plant pigmentation due to flavonoiàs. The fîrst 

step resuhed in a complete loss of anthocyanin colour due to the nucleophilic attack of water at 



the C-2 position and the formaEion of mainly colouriess &in01 structures. Srnaîi amounts of the 

5vyINn -*on AIX+, ar wdl as a thy mount ofthe hb equili'brating quinonoidal bases (A) and 

the traasdalccme (Ca arc pracnt As seen m Figure 2.5 (Brouillatd, 1989). tbe absorbit~lce of 

this sohdim was low due to the low cc)nctntrab*on of 5vyliw11 cations. It was detennined that 

malvin nMts m a fast baswatdysed eq@iirium betwleen the carbinol or hemiacd (B) and the 

cis-chaicone (CE) @rouikd et al., 1990). Thus, -on (2) is vaiid. The & is indicative of 

the ease wiîh which the flavylium cation &%rates to give hemiaetal (B) and cis~chalcone 

(Cd- 

When the copigment chiomgenic acid is added to the malvin solution at equilibrium at 

pH 3.6, there is a large hcrease in the absorbante of the fiavyiium cation, AH+ (Le-, a 

hyperchmic shift). The presence of the copigment aliows the second step of  the mechanism to 

occur, with the reaitn of  colow. This led ta the derivation of equation (S), which descnies the 

mechanism of copigmentation. K, the cquili'brium constant lor the complexation reaction of the 

anthocyanin and the copigment, is d&ed as: 

K iadicates the ~trragth of the association behueen the capigment and the anthacyanin's 

fiavylium cation (Bmdlad et 01, 1989). h r d i n g  to Brouillard et aL (1989) the copigment 

suppresses the hyâmîion d o n  of the flvylium d o n  (AE5+) when in a compIex with a 

copigment d tb supprrssg decolo3iration of the anthocyanin. Thus, the copigme~t pmtects 

the flavylium nucleus agaïnst nucleopbilic aüack by water at the C-2 and C-4 positions on the C 

ring. 'Ibc loss of colour in an aqucau solution U piweated by the presence of a oopigment, 

which prevents hydration and sbbjiizes the colour (Brouillard et al, 1990; M&za and Brouillard, 

1990). 



'Lbere is still same -t abut wbetber a copigment stabilizes the flavylium 

catication or the quinonoidai bases (Sch&e1& and Hiadha, 1978; Brouillard et al, 1989). 

Bnniillard et al. (1989) suggested thst at low pH, the fiavylium cation is stabilïzed, whereas at 

m m  neoSnl pH ducs, the quinonoidai bases arc stabidid, but in a Metent way. These 

rescarchas suggpted tbat quinonoidal bases are stabilized in pur because of theu increased 

conattmtkm due to tbt acidities ofthe C-7 and C4' hydimryl groups of the flavylium cation not 

king a&ctcd by the complexation between the flavylium cation and the copigment. 

Fwthennore, quinonoidal bases fona weak complexes with the chlorogenic anion at pH d u e s  

above five (Muza and Brouillard, 1990). The fiavylium cation on the other haud would 

preferentidy be hydrateci and therefore stabilued by the copigment such that hydraton is 

prevented 

Factors influencing copigmentation include pH, the chernical structure and concentration 

of the copigment and pigment, the type of solvent and the temperature of the solution @ k z a  and 

B d l a r d ,  1989). Mazza and Brouillard (1989) showed that the copigmentation phenornenon is 

very sensitive to pH. The pH is an important f&ctor of colau expression in plants since 

anthocyanins exist as stable coldess forms under the nomial physioIogid conditions. The 

copigmentation reaction Dits place over the enüre acidic pH range and men &en& sligbtly into 

the aikdhe range (Asen et al., 1970). Antboeyanarr act as pH iadicators and at a particuiar pH, 

the anthocyania solution contains a nüxture of structurai species in fast eqyiiibrium. The efEea of 

pH on soluticm colour is dcpenûeut upon the type and concarnation of the copigment present At 

low pH Cie., 0.65) in the presence of exces copigment, the absorbauce wili remain roughly the 

sarne with only a siight decrease in the wavelength of maximum absorbante below 530 nm and a 

slight increase above 530 nm (Brouillard et al., 1991). When chtorogenic acid is added to an 



anthocyrain solution at pH 0.65, it cwa a slïght decrease in absorbance; however. the addition 

of aha copigments such as caffeic acid and pmbcatechuic acid may result in no change in 

absorbance, or may peOuJLy catuse the a b d m c e  to iacrrue. However. at a pH of 4, the 

absorpîk iacrews at PU wavelengths in the viriik mgion in a collcentdondependent mamer 

( B B  et al., 1991). Ea copigment ruch as cblorqgcnic acid ù added to a maivin system in 

excessive amounts at pH 3 4 ,  the noal absodmcc could increase by 20-30 times h m  itJ initial 

value. Soiutions of pclargcmidin 3glueoside and moaprdacin (a diacylated 3,s-digiudde) have 

ken shown to exhi'bit a maximum degree of copigmentation over pH ranges of 3-2-35 and 3.7- 

4.7 respectively. when chlorogenic acid was used as the copigment (Davies and Mazza, 1993). 

The structure of the anthocyanin w I i  ais0 lfsect the magnitude of the copigmentation 

effect. hcreasing de- of the anthocyanin methoxyiation on the B ring, as well as 

glycosylation inneases the copigmentation B i  (Mazza and Bmuillard, 1990). nie pnsence of 

a methyl substituent on the B ring was finind to bave a greater e&6 than diacyl substitution 

(Davies and Mazza, 1993). The Merence in the substitution pattern on the B ring of the 

pigments malvin, mooardaein and peiargonidin fghicoside was suggested to be responsible for 

the Wereace in the copigmentatïon c&d behHeen the thnt pigments in the presence of 

chlorogenic acid (Davies and hkza, 1993). The cupigrnentation ef£éct observed with 

pekgonidin 3-glucoside was las tban the & i  observeci with malvin and monardaein. 'Ibis 

phenornenon was attriiuted to the 10- hydntion constant of the later two pigments. 

Consequentiy, colour recovery was less when cornparcd to a diglucoside (Davies and hhzza, 

1993). 

'Lbc stnichire of the copigment llso determines its effectîveness as a copigment. Chen 

and Hrazdina (1981) studied 25 fîavonoi& and determined that a satwated CGC-3 bond on the 

C ring of the copigraent decreases the e&diveness of ils abiiity to fùnction as a copigment. The 



mtcmay &the dwcd cornplex formation was dependent upon the number of k e  hydmxyi 

gmups pmmt on the flavonoid moiecule, eqed ly  tbe 7-ûH group. Methylation of the 3' ad 

S'-OH gaipr ofthe B rhg damses  the ab- of the flavonoids to fonn a cornplex (Chcn and 

Hndmi. 1981). M u  rad bhza (1993) dcumiiiud urùig the three different phenolic 

cornpormiir (a&ic r04 chloqenic a d  and rutin) tbrt cach of the copigments ieteroded 

c W k d y  with the pigments studied rad dbted the mPgemidt of copigrnentation The k k  of 

a quïnic acid moiety in d c  r i d  wben cornpucd to chlorogenic acid (Sdeylcpinic ad) 

may ùrnue the efkctiveness of d e i c  acid as a copigment (Davies and Uana, 1993). Thus, it 

is the stnichite of the copigment and its afFinity for the predominant pigment structure, which 

govems the magnitude of the copigmentatioa effect (Maai and Bmdiard, 1990). 

The colour iotcnsity of the anthocyanin.copigment solution is also determineci by 

temperature @haa and Brouiliard, 1990). As temperature is increased to 90°C, the 

copigmentation &ect declines (Le., more weakiy coloured solutions d t ) .  If the anthocyaain- 

copigment solutions are subsequently cooled O 20.C' the absorbace and wavelength of 

maximum obsorbance (2-J are ratorecl. 'Ibis indicates that d e r  the anthocyanin nor the 

copigment is destroyed. Thc feason for the c o l w  restoration has kai amibuted to the Pnique 

solvent pmperties of water rad BmuiUard, 1990). The extent of copigmentation is also 

an2ded by the sature of the so1vent used (Brouillard et al., 1989; Mana and Brouillard, 1990). 

Wata ir the most cornmon solvenî hr rptbayaiinr a d  it has &me properties Mering h m  

other polar solvents @rades, 1972). The structure of water b a random, three-dimensional 

network of hydiogen-bonded water molecules which associate -y (Stiiiinger, 1980). 

This lattice structure fbrces the anshocyanin and copigment into close contact by hydrophobie 

interactions to form a p h  d w i c h  @muillud et al., 1989; Goto et al., 1986). Wàen the 

temperature breases, the laaice sinichare is weakened, ceSuLting in the weakening of the 



associaSicm between the flovylim cation and the copigment (Brouillard et ai.. 1989; Mazza and 

B m d a d ,  1990). 'kdiore, the & i  of temperatute on copigmentation is indirect shce it 

b d c s  tbe tcaohsbpl networic of water at bigùer temperatures. As the temperature is demased, 

the tetrabedral molcculat network of watcr is res tod  The absotbance of the solutions thetefore 

incrrrrr due to the hacase in the hydmphoôic interaca'ous between copigment a d  mtbocyanin 

(Brouilhrd et ai., 1989). 

"k phenornenon of colour decrease a d  testoration also occw when solvent and ionic 

strength are dtered- When the ionic sttength of the solvent is increased by adding sodium 

chloride. the &ect of the chiorogenic acid copigment is slightly nmiced (Mazza and Brouillard, 

1990). This is because sodium chloride nduces the pdanty of the water, creahg disorder. 

Addition of solvents such as methanol or etban01 to copigmented anthocyanin solutions also 

reduces the copigrnentation &ect due to the reduced polarity ofthe solution 'Ibe lattice structure 

of water is dismpted, which weakens the hydrophobie interactions between copigment and 

anthocyanin (Btwiliard et al., 1989; Msm and Brouillard, 1990). Therefore, copigmentation b 

characteristic of a solvent3olute interaction in aqueous solutions in which it occurs most strongly. 

2.4 Merrurcmcnt of the copip;mentation effkct 

The magnitude of the copigmentation madon can be assessed spectruphotometncaiiy 

and is d e s a i  by the relationship 

Where: A,, = absorbance of antbocyanin solutions at constant wavelemgth at or near the A- of 

the anthocyanin without copigment 

A = absotbance of anthocyanh solutions at coastant wavelength with copigment 

[CP]. = analytical concentration of copigment 



n = sbichiometric constant and the dope of the line 

K = equüibrium coastaat fa the eomplexation &on and gives the strength of 

Prsocirtion khMca copigment ancl anshocyanin 

s = ratio of absorbenct of the flavyiium d o n  (at 525 m) in O2 M HCI without 

cripigment (A) ova  tbe absotban# (at 525 xun) of the flavylium cation with 

CXCeSSive amcnants doopigmat d e d  to the same solution (AJ (Brouillatd et al., 

1989; hkza and Brwillard, 1990). 

The value of n denotes the stoichiometric constant m e n  copigment and anthocyanin, 

For exampIe, h k z a  anci Brouilhi (1990) determined tbat the stoichiometric constant for 

cyanidin- and malvidin-diglucoside with the copigment chlorogenic acid was appmximately 1.0 

which means that one molecule of arithocyanin is stabilizcd by one copigment molecule. When 

the n value for an mthocyanin : cupigment pair is about 0.5, tbai the associaiion between the two 

is beliwed to be in a 12 molar d o .  

2.5 Intrimokculu copigmtntation 

~ o l e a i l a r  copigrnentation &O serves to pratect the 5vyliwn cation h m  

nucleopbüic attack by water. hitnmolea<lu copigmentatioa is much Wre intemolecular 

copigmentation except tbat the copigment is covalently bound to the anthocyanin (Brouillard, 

1981, 1982, 1983; Goto et ai., 1986; Ikcobucci and Sweeney, 1983). htramolecular 

copigmentation io due to the acyi moidies which ue aüached to the glycosyl moieties which are 

usually located at positions C-3,s ad 7 on the A and C rings. The acid groups are usually acetic, 

d e i c ,  m c ,  faulic, phydroxybenzoic, malic, donic ,  oxalic, sinapic or succinic acid 

(Mazza and Miniati, 1993b). ï'he acyl moieties and the d o c y a n i n  fom a d w i c h  cornplex 

bmught about by the three dimeasionai, tetrahedrai water structure, which resuits in the 



clprotection of the flavylium ring h m  lllxcleopbüic aüack by water. Therefore, plyacyhted 

anthocyanins are more stabb than n o ~ l z ~ c y ~  ardhocyanins over the entire pH range. 

a fint poryacYlatPYl ratboeyPain to k blated was p m n i n  (or 

diCagtOyl&iphinidin-3-n1tinoside S~ucoside) a blueviolet coloured docyanin k m  

PIa4mdb ~ o f r o m r n  (Satto et al., 11971). 'Ibc laigest anthocyanin eva isolated was the 

main pigment of Ipomuea Mcolour Cov. cv Havenly Blue whkh was peonidin 3- 

( d i ~ I s q b o r o s i d e 5 u c i d e ,  commonly known as heaveniy blve antbocyanin @A). 

HBA, iike mast otba polyacylated Pnihocyanins bas a highly stable calour in a neutml solution 

and copigments such as quercetin bave no &ed on its colour. Using 'H-NMR, the structure and 

conformation of HBA was determineci (Goto et ai., 1982). By arehil nuclear overbauser effect 

(NOE) measufements, the fotcied coIûormation of HBA was deternùned. Based on these results, 

one could rnake a mode1 of HBA in the focm of htmnolecular sandwich-type staclang. In the 

mode4 the mmatic midues of acyi gtoups are stadred above and below the pyqlium ring of the 

fiavylium d o n .  This grcady duces the nucleophilic ottadr by water at the C-2 and the C 4  

positions as the p H  of the dvent kreases. CaiPequently, water is prevented h m  hydnting the 

flavylium cation, wbich would othembe form the douiless pseudobase. The fiavylium ion, as 

well as the amhydrobase, are tbus stxhilued (Brouillard, 1981) iaulting in the sbbilizaîibtl of the 

calour usually exhiiited at a lower pH 

Anasher acylated docyanin which has ùeen identifmi is gentiodelpbin (Goto et al, 

1984). Gentïodelphin bas a bluish-violet colouf and is stable in weakly acidic or ne@ aqueous 

solutio~~~. Although the uneic acid moietïes on the glucosy1 axühocysuüdin moiety are di&rent, 

it is hypothesized tbat SSllidWich type COILfi)tmafii ocw, similar to those seen with HBA. 

Iberefore, the anthocyanins were probrbly stabilized iaramoleaikry by torming the sandwich 



type of betwecn îhe anthocyauidin nucleus a d  the two ammatic acyl moieties, with the 

hydrophik sugar moi& covering them. 

Momacylaîed anthocyanmS are na as stable in theu ncutral and ionized quinonoidal 

fnna shc oae side ofthe pyxyiium iiog is pm<eded sirhile one side is cxposed and prone to 

nucleqMic a!tack by water- IatamolecuLr oopigwatatioa is more efncient with monoacylated 

anthocyrnins îban with polyacylated anshocyimk beausc a sopigmeat must k present ta 

pmtect the ont cxposed side- W& intramoIecufaf copigmentatioa, the acyl groups act as the 

copigment and thus no additional copigment should be theûretically requhd. But htermolecular 

copigmeatation is more efficient with mono~cylated anthocyanins than polyacylated 

anthocyanins. uttennolenilar copigmentation is Plso more scient with monoacylated 

anthocyanins than non-acylated anthocyanins (Moshino et al., 1980). Nonetheles, intramolecular 

copigrneatation U more efficient tban intermolaailof copigmentaîion because it is not necessaiy 

to bring the copigment and anthocyanin together. When iatnunolecular apigmentation occurs, 

M e  or no intermolecular oo-pigmentation was observed (Saito et al, 1985; Asen et al, 1977). 

The structure of the acyl grwp, its position of attachmeat on the wgar, as weii as the 

sugar sûucture and its location on the aiitboeyaain are also important in intnmolecular 

copigmentation ( S a h  et al., 1985). The scabiiity of acyiated anthocyanins increases with 

increasbg content of organic acids (ciunatnic and lllsilonic acids) and pl00 inc& substitution 

of the aglycoae (Le., delphinidin is more staôle than cyanidin or peonidin derivative). nie 

addition of ocganic acids has a grata stabilizing effect than agiycone structure (Saito et al., 

1985). Et is uaclear why an diphtic acid such as malonic aci4 which d a s  not contain a 6 ring 

I*e in osffeic a d ,  ad& to the stabiiity of the PmboCyanm. 



Davies and Maaa (1993) e v a i d  tbe copigmentation behaviow of moaardaein (a 

diacylaîcd fam of pelargonidin 3 , S d i g I ~ ~ d e )  when it was complexai with the copigmenîs 

chlomgeaic acïd and dfkic acid U&e aü pmiaus stuclies on copigmentation of polyacylated 

anShocyarunS, they detcrmincd that the presence d a  copigmerrt such as chiorogenic acid did 

cause tbc cop@mtati011 phenomcllon to oc= although monarclaeh was a diacylated 

anthocyanin. Tbis indides tbpt even a àiacyW iiDLbOeYllljD can &go copigmentation. As 

was suggestd in the work done by Bmuillnid and co~wotkers (1989) and Maaa and Brouillard 

(1990). a stoichiomctric constant clase b un@ charsdaUcd a 1:l association between the 

pigment and the copigmea Ody chlomgenic acid-barcd complexes were descnied as king 

1:1. It was mggesteci by Davies and Mazm (1993) that a la& of a quinic acid moiety in the 

d e i c  acid may have benefited the association of monardaein with the Meic acid. Monardaein 

was found to exhiiit a maximum degree of copigmentation over a pH range of 3-7-47 d e n  

compIexed with chiorogenic ocib This pH range was much lower than îhe pH range required for 

the potyacyiated anthocyanins prwiously studied. Davies and Mazza (1993) concluded that the 

nuxnber of oxygea substiaients bsd a greater innuence on the magnitude of copigmentation than 

the presence of diacylation. The copigmentation complexes formed between monardaein bad a 

two-fold greater magnitude in copigmentation than monoglucosides pekrgonidin 3-glucoside 

over a pH range of 2.7 to 4.7 (Dawies and M&a, 1993). 

2.6 k n t  rdvuiccs in Utra- and intermokculu copigmentation 

Rcçcdly, many synthesizcd 3glycosyloxylaîed fhvyliurn ions and their derivatives as 

welî as cornplex acylated anthocyainiris bave been studied by themselves and with copigments to 

detennine bow they are stabiiized in aqyeous solutions @angles et al., 1993; DangIes aud EL 

Ikjji, 1994; El Hiajji et al., 1997; Figueireâo et al, 19960 a d  b, Mistry et al., 199 1). The earliest 

of these works studied the eEccts of deine ,  theophylline, vegdable tannins, ATP. DNA and 

RNA on the stabilitation of the puinonoidal anhydrobase (A) @lue/violeî colom) fonn of 



maiMdia 3,5dig11~~08idc (Misûy et al., 1991). Rdon NMR ('IENMR) was used to stdy îhe 

iatermdcah copigmentation reactioa Gdo (1986) o r i g d y  pmposed that 'Heaveniy blue 

anthocyarh' @BA) is stabilized via intra- or gaetmolecular copigmentation by the vertical 

'hydroghobic stackïag' ofaroxnaîic nuclci dbdh the siisbocymin a d  copigment, Brouillard et 

al. (1989) and propoeed that copigmentation was unique to an apww environment, 

SrauUrni et al. (1989) a d  BmuilLrd and A k z a  (1990) sugsested that the copigment stabilbs 

the flavyiium cation since their interadon nniltr in a hvyiium cationapigment complex 

which doa nat hydrate- Conseqyently, more fhvylium ions t h  d e r  h m  would k piesent at 

a &en pH. At an bitemediate pH of 3.7, copigmentation is the result of the flavylium cation- 

polyphenol cornplex and the shift of the epoilimim towaidp the Davylium cation (Maz2a and 

Brouilha& 1990; Braillard et al., 1986). Ushg the dope h m  plots of h((A-&)/&) versus 

ln[CPIo, raaividui 3,s-diglucoside was fOund to compIex with each of quercetin 3-P-D- 

gaktoside, P4,f  3,4,6peileaealloyl-D-gIucose and aesculin in a 1:l anthocyani~ : copigment 

ratio (Mktxy et al., 1991). The effectiveness of the copigment is related to its pfauar structure, 

the patenthl nufaa area availnble for hydrophobie or 'n.n' overîap, and its electmndonating 

capacity (Mistry et al., 1991). The N-mdhylated Yslllfhines ca8Feine and theophylline were 

obsaved to bave dutincave copigmeatation Cne~rr (MUiry et ai., 1991). For example, d e i n e  

and the<rphylline resuhed in a Jbailder at 620 nm when copigmented with malvidin 3,s- 

diglucoside, a d  the solution was red-violet due to tâe stabiliation of the quinonoidal 

anhydrobase at pH 3.42. Copigmentation at pH 4.99, 6.20 and 6.85 led to violet and blue fonis 

due to stabiiization of the quiuc)noid;il aahydrobase and the carbinol pseudobase. Turquoise- 

green colours were obse01ed at pH values grratCr than 7.0. At pH 4.99, CafEine capigmentation 

showed a hypercbmmic eEect, but no bathochmic shift. At low pH values, galloyl esters and 

que- 3q-D-gaktoside were more &sctive capigmeiits; however at higher pH values, 

d e h e  and tbeophylline were Wer copigments thYi chiorogenic and p-coumatylquinic acid 



@yroxycUinamyl esters), galloyl esters, RNA, DNA and ATP (Mïstry et al., 1991). This lead 

Muqr et aL (1991) b conclude tbat since phenolic esten are electmn rich systems, they associate 

sîrcmgiy wïth thc electron-deficiait fiavylium cation Hydmphobic Cncctr initïaily drive the 

d m i n a n a q r i t a w  systcm, 

Us@ fau pe&rgoniIdin daivatives foond in Phorbitts rril (mrning gIow) whkh have 

mybg dqpces ofcinnaaiic acid acylation, competitîve ïntra- and intennoleaikr cogigmentation 

errperimmts illusûatcd tbrt tbe fomer ù a more tScient staôiliration &on @angles et al., 

1993). The varyiag degrea of cinnamic acid acyiation and gluawylation on pekrgonidin 

d t e d  in ciiffereut mlom d colour Jtabiüry, wïîh the wavelength of maximum absotbance 

rariging f h n  4% to 510 nm. Such a Iarge bathochromic shift U usually attn'buted to 

intermoiecuiar copigmentatioa; however, Dangles et al. (1993) showed ba t  this large shiA is due 

to intramoIecufar copigmentatioa The glycosyl moi& act as spaca which act as covalent 

liiib between Mthocyanidin and copigment The glycuside must eot cause s t e a k  hindrance. 

mus the strength of intramolecular copigmentation is detennined by the position of cinnamic 

acid tesidue on the glycoside, the positioa of the spacet on the anthocyaniidin, and the length of 

the glycoside spacer (mono-, di- or trigiycoside) @angles et al., 1993). A large spacer such as a 

P-diglucoside in ahanin C (Yoshida et af, 1990) with a srnapic acid residue can promate colour 

stabiiay comparable to thaî observeci for a po1yacylated anthocypiiia. which is staùilized though a 

sandwichtype cornplex. Fmm spaaal data and the hydntion aqiiilibrium rate constaat, two of 

the monoacylated p-D-gIumsyl+-gaiactoside peIarg0nidi.n pigments were more tesistant to 

hydration than the non-acylated pigment. However, when compared to alatanin C, the diglucosyl 

spacers arc shorter, reSUlfibg in less chromophore protection against nucleophiIic attack at the C-2 

position. The p01y;rcyhted pdagoniâin derivative bas a intennolecular copigmentation binding 

constant 0 , s  times smaIIa thPa the nonacyiated pigment The two ca&ic acid  sid dues pnseat 



in the moIde  protect b d  sides ofthe molede via a sandwich-type cornplex Daagles et al. 

(1993) hmd the imOimolecPIPr copigmcntpsion bhding Y for the non-acyiited 

peiargonidin 3-sophaoryl S-digiucosidc to k s d  when compated to tbat of malvidin 3,s- 

diglu=i& @ansles and Bmuillud, 1992). TIiU is piobobly due to the bulicier sophorosyl gmup 

at the îqxsition of pckgcmïdin 3iophomsyl5-giucoside when cornpucd to a glucosy1 grmp 

with dvidin 3,Sdiglucuside. The singît aneic acid in the monuacylatd pehgoniâin 3-6- 

franr~I30phordbidbide 5-glucoside docs na amt o well deEined intermolecuk 

copignmtation binding constant (Daagles et ai., 11,1993). When the polyacyliitPA pelargonidh 3- 

sophooosyl 5-glucoside was copigmented with chlorogenic acid, the stacked caîFeic acid residues 

on either side of the molecule provide enough stearic hiadrance that even the excessive addition 

of chlomgenic acid does not produce a hyperchmic shift. Thus, by binding one or two well 

placed copigment molecules on glycosyl residues, stable c o l d  anthocyaains at high pH can be 

achieved without excessive axnainto of copigment in the vacuolar sap @angles et al., 1993). 

Theu work i l l d  that deep stable colours can be better achieved through intramolecular 

versus intemolecular oopigmentation where large @es would be quimi  to achieve the 

same colour ïatensity. 

Dangles and Elhajji (1994) f d  t h  gIycosyloxy gmup was l e a  effective than a 

rnethoxyl (paip at C-3 at siabilking the positively charged f l a v y b  chromophore by enhancing 

the electrophilic character at C-2. The powerfial electron-withdrawing S e c t  of the pyraaose ring 

on the 'exo'-anomeric O-atom was illusbated using dvidin 3-g1ucoside and malvidin 3 3 -  

diglucoside. When the C-5 hyQoKyl group is glycosylated, the stabiliziug e f f i  of the 3- 

gIycosyl group is lost due to the stmng e1ectron-wididrawing e f f i  ofthe glycosyloxy moi* on 

the 'ero'd~~orneric û-atoa This is refiected in the pK, values fôr Sdeoxy callistephin, 

delphinidin 3-glucoside, malvidin 3-glucoride and malvidin 3 Jdigiucoside. When chlorogenic 

acid (altedvely known as 5-û-caffeOylquinic acid) is copigmented with a simple synthesized 



mode1 3-methmty flavylium, it U f b u d  to form 2:l copigrnent : pigment complexes. 

However, when c h l ~ m g e ~ c  acid was cqigmcnted with giycosylated anthocyanins such as 

delphinidin îducoside. maividin 3qgha~ide md malvidin 3,5diglucoside, the giycosyl groups 

aaued s t m k  bindmnce on one ride of the chmmqhore a d  p m d  the appmach ofa second 

Copi- T h ~ ~ g h  molecular modclbg calculab'ons of delpbinidin 3-glucopide and malvidin 

3.5-digiucœide. it was ddermmed tbat the glycosyl groups lay outside of the bnuopyylium 

plane. &hvan thae monogiycoaide aud the digIucoside, it was famd that the delphinidin and 

malVidin 3.5diglucoside1s doptcd a cfsarrangemeut wïth respect to the beiuopyrSium plane 

and had a simiIar K vaiue (binding constant). Tée S-glucosyl gnwp of dvidin 3,5dglucoside 

did not oppose the binding of chlom~enic acid when compared to malvin 3glucoside. The larger 

colour gains observed between 3-monoglycosida and 3,Sdiglycosides at the same pH is due to 

thermodynamics of the hydration reaction No colourless chalcones of the anthocyanin were 

found to inte- with chiorogenic acid 

When non-glyco5ylated 3lnethoxyflavylium was copigmented with d e i n e  at a weakly 

acidic pH of 3.7, it wu observed tbat cobur was increased up to a pigment : copigment ratio of 

M50; however, at a pigment : copigment of 1:7ûû, the colair of the solution was reduced to a 

vaiue l e s  thrn that for tbe original solution conîainjng no copïpent. The loss of colour was 

attriiuteà to haaiacetPl auci cbalcone forms fonning 1: 1 and 12 complexes. It was fnmd that the 

concentdon of the Zlcbalcone increased wiîh addition of caffeine when monitored at 370 m. 

When d c i n e  wao copigmented witb giycosylaîed pigments, colourless forms would also arise. 

Howev, tûeir dikt was not large e m g h  to cause colour loss at bigh d e i n e  concentrations. 

The anthocyanin : a&8ie associption appared to be 1:1 fbr aathocyanh, w maiter the degree 

of giycosylation; however, the stoichiometric rehîionship between Caneine and the colouileu 

foniio was dependent upon the substitution pattern of the anthocyanlli. With malvidin 3- 

glucoside, thcre was strong 112 complexation and with the 3, Sdiglucoside, there was strong 1:l 



complexati011- A pouible exploition might k tbat the we& non-covalent ~e~aggregates 

(dimen) Otcaffhe in aqueous solutions, intaocl with the hem*cetpls and chaicones (Gill et al ,  

1967). 

Fieitcdo et cd. (1996b). usïng two saics of stnictuauy related anthocyanins hm 

EwhriJt~splbsw cv. Blue Dazc rad Lïchhomiu cr<mip, which were acyiaîed and glycosylated 

to vatyhg dcgees, ddermincd that imamoledar hydropbobic interactions acirt between the 

fhvylium ion and the acid moiety. The sugar moieties were determinecl to affect the pigment's 

de- ofhydrophoôicity. Since all pigments bad the saxne chiornophore, the mrykg degrees of 

glycosyloxy substitution at positions C-3 W o r  C-5 d t e d  in colour changes. At the same pH, 

larger bathochcorni: shifts aad molar extinction coefficients (s) occuned with greater amounts of 

acid substitution. A fblded conformation can be achieved ifthe substituent group is long enough 

to fbld overthe pyryIim ring, thereby pmteding the adive C-2 and C-4 sites h m  mcleophilic 

attack by water. From the calculated hydration constants Tw each pigment, it was fiund tbat iow 

hydration rate constant (k) values were synonymau with graita protection agairiJt nucleophilic 

attack due to iacreased acylatioa The pI<L which denotes the rate constant for the equi1ibriu.m 

between the flavyiium cation and the colowless hemiacetal and chalcones, increased in the series 

as the giycosyl chains became longer ad more linear. This is indicative of intramolecular 

complexatiuu between the p h  of the pmmrtic acid and the plaaar pyiylium rieg through 

R - ~ S  hydrOphObic ~ o n s .  The rate of thenaal degradation for the pigments with a folded 

w & i o r ~ * o n  U invetsely related to tbe incrcased degree of substitution. Delphinidin 3- 

gentiobioride, r linear disaccharide, bad a large decrease in the molar aôsorption/extinction 

coefficient which also has been found in d e r  3-ôiosidic residues. In the hemketal fonn of 

delphinidin 3-gentïobioride, a hydruaen bond an fom baween the C-2 OH group and the fke 

C-6 OH in the second sugar. This stuày on these anthocyanins stren@hens the theory that 3- 



rnonoglucddides are more raistam to nuclempbüic auack t i ~  3,Sdiglucosides. It bas been 

atûiibcdad to the 'ao 'aaomeric oxygen's eledmndenatg king deloçalucd îoward the pyranose 

ring, tkcby reducing its to d o m  elactrons towards the pyrylium ring, when a 

hybxyl gortp is ~plPesd by a ~-D-giucopyranosylq graip. Tbc electropbilic chPrPder at the 

C-2 aWa C 4  positions h inmaseci by this subaiadion. Figueiredo et al. (1996b) 

concluded tbat the cbafcoat aad hemiacd h d o n  is blocked by the intramolecular 

eopipmhtion betwcen the p h  pyryiium iiag and the ammatic aci&. Wiih the presence of a 

disadwidc at C-3, the colowless hemiacetai fi,m d d  be stabilized, 

Figueueâo et al. (1996a) reportcd on a group of five natual eyanidin anthocyanins 

errÉracted h m  violet MahhioZu in- flowers, four of which were acylated. These acylated 

anthocyanins deviated fiom the muai idnmolecuiar, noncovalent interactions, which slabüue 

qyinonoidal bases a d  £iavyluun cations. ?he five pigments were derivatives be-g 

sambubioside (2~-(P-D-xy1opyranosy1)+-D-@ucop~ql) at position C-3 and P-D- 

glucopyiaiiosyl at the Cd position. Acylation with malonic acid took place at C-6 of the 5- 

glucoside, with two ciniwnc acid derivaiives at the 6-gluco and 2-xylo positions of the 

sambubioside. The differea~ acylation and glycosylation patterns causeci a bathochromic shiA 

and a small decrease in the E as the structure became more substihrted. In mildly acidic solution, 

there was an werall co1ou.r gain with the more acy&îed and giycogylated pigments. At mildly 

acidic pH values d2.1 to 35, a aboplder diindaistic of the quinonoidal base form appeared in 

the 550650 mn region of the spectnirn, As the pH increased, the shailder increased and the 

flavyiium caîion absorption decreased @uaiiy. When the absorbame of the flavylium d o n  

was subozded h m  the spectmm, the quinoidal base was shown to contribute significantly to 

the spectra at a very low pH- Thir was musuai, since the quinonoidal base is usually observed 



close to a aaceal pH. To occaiia fbr the obsmed behaviour of these four pigments at low pH, 

the fdowing mecbanhm was propos& 

CP-+ Ko A+H' 

(Figueiredo, et al., 1996a) 

won (6) describes the eqWIi'brium baween the flavy1iu.m cation (Alil?) at a very 

acidic pH 4, and the inaamoleculary capigmented form (CP) at a pH of 1-2. The intramoledar 

cornplex occurs d y  between the chromophore and the acyl residue and it wili subsequently 

undergo the hydrrton (eqyaîion 7 )  d deprotonation (equation 8) reactiom. The hydroxyl 

groups located at C4'  and C-7 are depmtonated to fonn the quinonoidal bases. The proxUnOty of 

the malonic acid to the C-7 hydroxyl group can r d t  m a hydmgen bond, aiding deprotonaîion 

and decreasing the pK,. Tlaerefore, the hydroxyl gmups of the aglycone are fkee so that the 

proton traasfer ain result and fom a qyinonoidal base. In the four acylated MatthioIa 

ii~lthocyanins, the differenct in hyddon protection U determiiled by the relative position of the 

aromatic acid h g  rehtive to the B ring of the agiycone to fonn a d w i c h  structure. kreased 

prorrimity of the acid img to the B ~g of th aglycone decreases the possibility of nucleophilic 

attaelc by ~ a f e f .  The colour stabibticm and variation inMztfhioIa inmna fîowers arises due to 

formation of the quinonoidal ôase at low pH values. The maionyl groupa lower the pK. and 

pmted iigoinb colour los, enabling the flavylium caticm and quinonoidad base to arUt over a 

very large acid pH range. 



EL Hÿi et ai. (1997) proposeci an alternative mecbanisrn for the structurai and spectral 

Ehiinpts taking place wit& îhe donyiateâ Wtthiolo Mthocyrniiu. The mecbanipm, which 

depmdr upon the &d-€mse anâ hydrogcn ôonding propdes of the malonyl graip. is i l I d  

klow in F i i  2.7- 

Figure 2.7: Pos&ted acid-base forms of malonateâ anihocyaains in mng to rnildly acidic 
aquanis sohtions. 
(Fmm El Eh@ et al, 1997) 



In this mechiuiism, a proton tmufk &on iaitially occurs between the cationic 

form, wherc the malonyl grwp is in a neutrai praonated state, and the mitierionic AH form 

where the d o n y i  group is in an anionic (dcproton;rted) state. This allows the twittezionic AH 

foim in rii 'open' conformafion to cxïst in equili'brium with the AH in a 'foldeci' domation 

(AH3 rrhae the d o n y l  ~paip md fïavyhm asion are hydmgen bondeci. Iae foldeci Att 

codhmtion caasistJ of two tautomers, the zwiaenoonic malonate-fiavylium structure a d  the 

neutrai maionic cpiaonoidaî structure. Each ofthe & COllfofmafions is able ta form hemiacetal 

B by watcr addition- As the pH ù Mer haawd a proton transfér d o n  occurs 

between GHfand A, the anionic form This anionic fonn A bas two tautornets, one with a n d  

quinonoid chromophore and anionic malonic gmup and the other with an anionic quinonoid 

chmmophore and a neutrai malonic group. It is assumed that the forms where the a m d c  acyl 

residues is stacked on the chromophore and stabilized via intramolecular copigmentation 

domhaîe in the solution. At a pH of less tban 1, the absotbance is due to the predominance of the 

a f o r m ,  As pH Uscreases to pater tban 13, the A&, A and B forms predonrinnte. 

Using this postuiated mechanism, the observed spectral changes in the t h e  malonylated 

pigments hmMtthiolrr inuma (stock) descn'bed by Figueiredo et al. (19%a) were feinterpreted 

by El &Bi et al. (1997). Aîcordùig to thae authours, a pH of 0.7, the anthocyanins are in the 

catioaic A& fom. As the pH U increased to 1.5, the d o n y l  carboql group U depmtonated, 

resulting in the zwaoerion A H  in cquilibrium with a. The zwiüerionic AH farm bas a 

hydrogen bond between the carboxyiate group of malonic acid (s~cccptor) and the acidic phenolic 

hy-1 p p  of the flavylium donor at the 7-OH group. fa the neutrai AH hrm, the hydrogen 

bond oecun benween the protonated malonyl group and t&e 7flao giaip of the quinomidal base. 

It was detennined tbat the structure of AESfis more accurate1y depictecl by the n d  tautometic 

fonn of A& than the zwitterionic form due to the quinonoidal base's shodder. 'Ilie Iower pK. of 

the malonyl Cafboxyl group is attriiuted to electrostatic interactions and hydrophobie stacking. 



'ibe deamse in ab- intensiry is a5tn'buted to the tpinonoidai structure and the tightly 

packed ryl residues d the chranopbore, d t h g  in lower mokr extirdon coefficients. 

Tbc in p K  enabla the @onoidd bases to take part in the colour expression. El HpÜi 

et al. (1997) iiring m01~~\1lar-mdelling calculations on glycosylaîed syathesized flavylium ions 

eopigocdal wïth chlorogeni*~ ri4 fàund tbrt 13 BPvylimcopigment complexes ocnured 

'ibe simple synthesized fîavylium pigment capabk of copigmcnting on both sides derwenî  1:l 

bllduig. When d e m e  h copigauited wÏth the syDthetic pigments, it observa 1:I vertical 

stackhg intesadon, seIective ofthe coldess dialcones and results in colour las. It bas been 

shown tbat malvidùi 3,5dglucoaide and Caaeine copigmentation is stronger with neutrai 

quinonoidai bases than with the flavylium ion @angles and Bm- 1992). The positively 

cbarged ion iateracts weakly with the electrw poor purine nucleus of d e h e  but the neutd 

planar anthocyanin forms are atcracted to Caneine. 

2.7 Storage stabüity of copigmentd anthocy.ninlr 

Over the years, a numk of researchers have conducteci stability shulies on anthocyanins 

under merent conditions in order to determine their potentiaî as alternative f d  colourants. 

Green and Masza (1988) studied the aéct of acetaidehyde and catechin on a cyanidin 3- 

glucoside (1 x lo4 M) in pH 3.5 sodium acetate - phosphoric acid b& stored et 23OC in the 

dak The W-visibIe spectnm was monitod dong with the HPLC profiles of the various 

pigrneai and copigment solution combinations over a 20 dry storage study. It was detemined 

tbat the addition of bath caîechin and acctaldehyde causecl a 40% increase in absorbante and a 13 

nm shiff in the A-. 'Ibe colout iacrease was attributed to the f o d o n  of Baeyer-type 

e o n d e d o n  of hi@y coloured intamediates cocnposed of anthoqmins and catechin linked by 

CH3= brideg. The HPLC pmfiles indicated the presencc of six new peaks while the peak areas 

of catechin and cyanidin 3-glucoside decteased, indicatjng that these new compounds bave 



compoiicm consisthg of catechin a d  cyant-din 3-gludde. When an aqueous saskatcm berry 

extract w i tbu t  acetaldehyâe and catechin was monitoceâ, the spoma exhiiiteà a hypsochromic 

shift and r 32% decteasc in absorbaace. Tbe absorbaact decrease was attn'buted to the oxidative 

degrdath andla pdymerization of the cysnidin 3-m~oglycosides to colouricss compounds. 

Tbcpmandincreased-onofaœtaidehyde inthesaskatoonberryextmctcaused 

culair &ta&Zcation. A violet precipitate was oôserved in the solution containing acetaldehyâe 

a f k  10 &ys ofstorage. It was küeved to be eomposeû ofacetaidehyde-authocyania polymers. 

The pigmmrr did na hm in the mahPwlic sa&atcmn extract since they were klieved to be 

more soluble in water. 

Liao et al. (1992) studied copigment complexes which f o d  with malvidin 3,5- 

diglucoside in a mode1 nd wine system ushg (-)-epicatechh, (+)-catecbin and (+)-caîechin-3-0- 

gallate as copigments. When d v i n  with and without the three types of catechol soIutions were 

exposed to light for 44 moabs at 22OC, the absorbante at the wavelength of maximum 

absotbance decreased by 25%. Changes in co10ut and spectra were alsa noted over thne in 

solutions containiiig fopigment with an active phioroglucinol nucleus. While the absorption 

maximum at 525440 nm decreased, thete was a progressive increase in absorbante from 430445 

MI as the colmr of the solution cbuiged fimm d to yeliow~range. This colour change was due 

to a ye l loweg~e  soluble copigment-pigment cornplex with an electrondeficient ammatic n 

system, which Plso copigmented with the residual ccpigmeat. 

Miniati et al. (1992) Wrmined tbat copigmented ontbocyanin solutions stored at SOC 

were more stable than samples storeà at 20°C. They also f d  thDt during Ptorage of a 

copigmenteâ anthocyanin solution, JI solutions lost oolour. nie most stable solutions were 

copigmenteâ with quereetin, and gatlic acid, with catechin showing poor wlour stabiïity. A pH 



d 2.5 bd the best oolav zetention, with pH 3.5 k g  siightiy kss aiid pH 4.5 having the poorest 

coim sgbility. 

Buibb et aï. (1W) eompprrd the aathocyaain ampd stabiIity of Concord grapes, red 

cabbage, ~ d a j u O P s t o r c d o v a  15 days in pH 3.5 sodium citrate buffer at 30°C anà 

cxposal to Eicnse light ( 3 0  pmole sed' mj) h m  fluorescent Iamps using HPLC and 

spectro~baametric methoQ of analysis. nie mdacPatiP extrac% had the greatest stability 

compeicd to the d e r  extmcts. The major anthocyaain in the tradescantia extract was 

hypothesucd to be cyanidin 3,5,3'-t1iglucoside wïth three molecules of f i c  aciâ, one moiecule 

of d c  acid and one tenninaî glucose molecuk (Shi et ai., 1993). Furûher anaiysïs indicated 

that mtin, chlorogenk &d and d e i c  scid were present in 1:3, 1:42, and 1:3 pigment : 

copigment ratios, miqectively. Baublis et al. (1994) reporteci that the low concentration of the 

copigments did not aïd the stability ofthe tradescantia extmct, which degraded in an almost linear 

EiJhion when compand to exponential degradation of the d e r  amaa~. No brown 

discoldon was reporteci in tbe extracts after 15 days. Baublis et al. (1994) repozted that the 

major adhocyanin in the tradescantir extract degradeci 57% over 15 days. 

Shi et ai. (1992) ccmducteâ a stuày cornparhg the stabiiity of anthocyaains in 

Tradescuntia pafIidrr extract with blackbeny extract amtainiag pater  than 95% cyanidin 3- 

glucoside and enocyaiiin co10ward over a year. nie amactP were incorporateci into mode1 

beverage systems containin8 15% sucrose Pt pH 3.5. 4.5 and 5.5 in a cïtric acidhii'basic sodium 

phosphate buffer. 'Ibt &kt of added tannïc acïd and -hic acid was also determined. Taariic 

acid is reportai to be the second m m  enective copigmeat (Robinson and Robinson, 1931). 

Maccaroae et al. (1987) podated tbat tannin formed molecular complexes with the 

anthocyanias that made them more resisîauî to chernial, photochernical and enzymatic 



degiadation Shi et al. (1992) found thaî tatmic acid as a copigment was detrimental to the 

stab~dthcsnthocyaninsahiti0nslftaa4monthpaio& contrarytoreportsthrtitwodd 

stabilize the colm. ït was poshbd that the tannins f i v d  formafi*on of iatnmolenilar 

ompigsr  cmtbg less stable compaunds. Tbey .lso detennhed thaî the pigment content of the 

pH 5.5 cyrnidin 3-giucobidt bweragc samples darepped since the pseudobase fonn is Iess  siable 

at tbis Py unlike the T. p U i &  simples. At pH 4.5, the cyanidin 3-glucoside samples were 

siigbtly k s  stable ad at pH 3.5, the samples werc more stable but still showed co1m 10s over 

increased storage îime, relative to the T. pldo aashocyanins. It was fôund that at 16 weeks of 

stomge, the cyanidin 3-glucoside siunples bPd precipitltion of pigment at pH 4.5 and 5.5, 

inaeasiag the Hhter L Lue .  The Ibeîa d u e s  a b  incrieased with tirne. 

Madhavi et al. (1996) compyed the stability of the in vttm and in vivo extmts of major 

anthocynnias f m d  in Ajuga pyrumi&iis metailica C@ QU cultures to extncts nom 

Tradesc4ntiapafIi& arxi cran-, aii mntajning cyanidin derivatives. The extrscts were in a 

pH 3.5 sodium citmte buffer and were expaaed to iight fiom fluorescent lamps (total irradiance of 

-2 1 140 pan01 m s- ) at 27OC for 32 days. Iac in vitro extract h m  the ce11 culture was more stable 

since it had a greatef percentage of absorbante over the rame tirne h m e  when compareâ to the 

noùyrlated cnabeq anthocyanias. It was poshilnial tht tbU might be due to the presence of 

copigrnents f d  in the ce11 aimires dong with the acylation on the major anthocyanin 

molde.  'Lbe formation of a precipiîaîe Mda theu experimental conditions was not reported 

(Madhavi etal., 1996). 

Connier et ai. (1997) conipucd the colour, thennil and pH stabiiity of anthocyanins from 

pape celi nupension culture to otha anth@ based food colorants ushg Hunter Lab and 
e 

spectmphotometric analpis, and laiad tbat brown oxidized phenolics were present in grape skin 

and elderberry atracts. Thse samples were stored in a pH 3 citrate b e r  system at 30°C over a 



35 &y perid Due to the pipence of phenolics in the extract ard the similat conditions used in 

the study, the brown precipitate was p&ly due to the formation of a cornplex betweea the 

anîhocyanb Pd the phenolics. Ibe precipitate a d  disco1ouration was probably aided by the 

nrporiuetoïntenseii~ 

ïimani et al. (1996) studïed the hat ad iight stabilïty of acylrtcd cyanidin derivatives 

M d  in &aberries (&nobuw d e ~ s  rad S nigm). It was fQMd that acylation impmved 

the heat md light stabüity but giycosylation ody stabilized the anthocyanins in the presence of 

light. Cyanidin 3 - ~ 0 y l - ~ a m b u b i o s i d e  S-glucaside cbaaged to tbree more compIex 

cyanidin denvatives when exposeci to üght Palamidis and hhrhkis (1975) obsennd that when 

grape anthocymk used to make a carûonated bwerage were dond under light and dark 

conditions, the sample stored in the presence of iight always hod a Iowa percent of anthocyanin 

retention. Van B u  et al. (1968) shidied the e f f t  of heat and iight on wine anthocyanins. 

They f m d  tbat d e n  exposed to nonmal labombry iïght, the wines conîaining monoglucosides 

tended to inmase in the theta d u e  towards yeiiow, unW<e wincs cdntainiog acylated 

anthocyanius which had no cbange or lowci theta values. 

2.8 Aathoyliiiar and otba  phenolics in d OIÛOIIS 

Onions @Ilium cep L.) are mwmbers of the Altium Ewily wahin the genus 

A~gdIiriircerre. Otber menrbers of the AIIium M y  include garlic (A sutiwm L.), chive (A- 

schoenprasum L.), d leek (A. um@opmsum L.) (Bailey and BUley, 1976). 

Onion cuhivars can be coloured silvery white, yeNow, bmwnish and red &ee, 1951). 

ïhe onion iz a b i e d  pln* with a kge single underground bulb. 'Lhc bdb is usually a well 

rounded, flaîtened sphere when mature. It coi1sists of multiple leaves/des on the inside, with r 

dry, memb1af~1us outer buib coat Ahhou& the dried outa d e s  are iaedible, they are usuaiiy 



the mort hi@y pigmented par& of tbe onioa T k  h e r  d p l e  scales/leaves are more fleshy 

a d  ediiile but b m e  progressively les  pigmentai as thcy get doser to the cure of the bulb. 

Pi- d y  d c a a s g  fkm the top to the battom of the bulb. In the ediile 

d d u v c s ,  the pigmeaÉasion is locrlued in the adu membrane of each le& nie adem and 

d m  of coloration on cach leot Pd of tbe bulb varies within the same cultivar and within a 

sampie ofthe onions harvcsted at a given tïme. 

ûnions can be consumed raw, such as in a salad, as a cookd table vegetable, but thek 

most important use is as a flavouring agent or gamish in sauces and other f& (Lee, 1951). 

Approxllnately 91% of the fresh weight of rn onion is dble.  On average, lOOg of edible onion 

contains 89 g water, 1.2 g protein, 0.2 g fàt a d  7.9 g carbohydrate (including oiigOSacchandes) 

(i3olland et al., 1991). b b y  d e s  have been coaducted on onions and an excellent, extensive 

miew bas beea published on many different aspects of onions (Fenwick and Eknely, 1985). 

2.8.1 Anthocyrnins 

Tbe Grst anthocyanin idwtined in the skin of red onions was cyanidin 3- 

pentoaeglyaside using acïd hydrolysis, colour reactions and spectrophotometric anaiysis 

(Robinson ?id Robinson, 193 1). Using paper ehmmatography, Fouassin (1956) identified three 

cyanidin derivaîives, includiag a monoside and a diglucoside and a unidentifid cyanidin 

derivative. B d w e i n  (1965) identified ody peonidin 3-arabUiosidc as the major anthocyanin 

constituent in the 'Saithport Red Globe' cultivar of red anions. h two separste studies, Fdeki 

(1969, 1971) identified the major anthocyanins in the red onion cultivars 'Ruby', 'Southport Red 

Globe' and d e r  Texas lpown cultivar. Seven cyanidin demnhiva piedominatcd but the 

presence of a peonidin rnmoside was aLo confirmed. The major cyanidin derivatives existed as 

cyanidin 3glucopide and cyanidin 3-cüglucoride. The fdiglucoside did not have the same 

chmrnatographic properties as cyanidin 3-sophoroside 0, 1-2 ghicoseglucose linkage) and 



gedobiœidc (B. 1-6 glucose-glucose linlrpge). PeUaidin 3glucoside was presat in d l  

amounts h g  with very sniall @es d a  cyanidin monoside and two cyanidin diglycosides. 

Later wodt by Du et al. (1974) showeû the unique cyanidin Sdiglueoaide wu cyanidin 3- 

iaminrrùbioside (B. 1-3 ghicose-glucose Iinkage) usÏng UV-visible spectroscopy, paper 

~hrommgmpiiy a d  hydmgm peruxide hyS01ysb wilh a Sena of a d a d  s u m .  

Ùi the anîhocyanin identification studies coiiducted prior to 1982, the predomiiiaiit 

acidulant uscd in the pigment extradon was a minerai acid such as hydrochloric acid Moore et 

al. (1982a a d  b) illustrated the importance of ushg a milder acidulant like formic acid since it 

would prevent deacylatioa of acylsted anthocyanins in nd onions. They mggesteci 

that myiy mi onion anthocyanins m y  be acylated with cimiamic acid but one could a<*! detect 

the acyiation unlas one used Wlvisible speEtral aaalysis, NMR, ancl gas liqpid chromatography 

(GLC) me&&. Terahara and Yamaguchi (1983) used thin layer cbromatography (TLC) and 

W/visible spectral measutemeuts to vrriEy that there were four anthocyanins present, ail of 

which had cyanidin as the aglyme. Ibe major amhocyanin was identifieci as cyanidin 3- 

glucoside acyiated with maloaic acîd. Terabara et ai. (1994) reinvestigated the illlchocyania 

profile in the Japanese &var 'Kwenai' using H'-NMR and 6ist atom bomlxmhent - mars 

Jpectmmary (FAB-MS) to establish the chernical structures sRcr mild extraaion and 

chromatogmphy of the pigments. The faû cyanidin-based anthoeyanllu were identifid as 

cyanidin 3-glucoside. 3-malonylgiu~oside, 3-hamhriiioside, a d  3-malonyllaminarr'bioside. The 

following year, Andetsen and Fossen (1995) reported the identikaiion of two nowl 

anthocyanins, wbich were identifieci in a related specia of Allim, Aliium uictoriaiis. Using 

spectmcopy, chernical degradation and homo- and hetermuclear twodimensional NMR 

techniques, the anîhaayanins were i d d e d  as cyanidin 3-043", 6"-û-dimalonyl- P- 

glucopyrawwide) and cyanidin 3-0-(3~'-0-malonyl+-glucapyranoside). Ferreres et al. (1 996) 



assesseci the &anges taking place among the anthocyanin and 5vonoids in stored shredded red 

onions. Ihsy the edible portion of the Spanish nd onion cultivar 'Morada de Amposta'. they 

q o r t a i  tbe ~~ to be -din 3-giudde, 3srabhoside, 3-malomyj~lucaride and 3- 

malonyhbisosidc dong wirh other fiavoaoids such as quercetul 3'4'-digi~c~de, 7,4'- 

digîuazü& 3-glufoade, dihydrocrud f-glucaride and isodmmeth 4'-glucoside. 'Lbe 

anhocyanin md Brvmoid amtcnts wcre 233 mg kg-' aud 933 mg lc& b h  weight, respectively. 

'Ibe mob rsceiit stdy on rcd onion and acha AiHvnr species anthocyanins was ooaducted by 

Fossm et al. (1996). Usiiig modem techniques nifh as H I - N M ~  MS and HPLC, they wae able 

to describe puoli*uvely and cpmhtively the anthocyanin contents of red onions (cultivars 'Red 

Barony, 'Comred', ad 'Tmpea'), a top aiion d cepa vat. vM'pmm9 cbive (A schoenoprasum) 

and A. alf.ct(mm Thcy identified the following six cyanidin derivatives: cyanidin 3-gluccsidey 3- 

(3"-giucosyigI~~0~ide), 3 43 "-malony Iglucoside), 3 <6"-malonylg lucoside), 3 <6"-malony l-3 "- 

glucosylglucoside) and 3-(3",6''-dimalony1gl~~0~ide) dong with tnia arnounts of four other 

anthocyanins, cyanidin 3,5digluuxide, peonidin 3,Sdiglucoside. anci two pebrgonidin 3- 

glycosides. 

2.8.2 Colourless pheaoliu 

Tbe cdauless phenolics in red onions have been as extensively stuclied as the 

anthocyanins (Fenwick and Hanley, 1985). 'Ihe flavowids which have been identifid include 

glucoside, kaempfml 7,4'4'.diglucoside in onion cultivars such as 'Carmen Hybrid', 'Sweet 

Spanhh Utah', 'Sweet Spanish Hfirid', ' M y  Yefiow Glok', Yellow Globe Hybrid', 'Red 

Himburget', WPaa Walla', 'Evergreen', 'Long White Bunching', 'Hyper', 'Hygro', 'Top', 

'Superbr', 'Southport Rd', 'White' Md 'Yellow Globe' (Fenwick and Hanley, 1985). The 

flavonols especially quercetin are piaent in concemtrations of 2.5 to 6.5 dl00 g dry weigbt in 



c o l d  onions wbere as d y  1 mgllûû g is present in wbite onions (Mazza and Mhhti, 1993~). 

The c d i  porbporbons d mi onions aiso coatamed twice as much flavonols as yeliow cultivars 

(hkzaand Rbhtï, 1993). 'fbe aita skins codiiapbewlia such as pmtocatechuïc acid and its 

methyl esters, pblorogiuchoi, phlaogiuciuol CarbayIic acki, pymatechol M c  acid, 

hydrmtyanzoic acid, atbeic rid a d  vadlic in lage amounîs (Fenwick and Hidey, 1985). 

2 9  An@k of rnthocyrains and otbcr pknolicr 

'ik d y s ù  of anthocyamnS involves their extraction, pudication and identification. 

Protocois for the d o n ,  purification and identification of anthocyanins are well estabtished 

@ubrney 1967; Mabry et ai., 197% Madrhnm. 1982b). More nophisticaîed techniques nich as 

proton1- and CSUbOlit3 - nuclear magnetic resonance mlI'- and c'~-N~~R), and f b t  atom 

bombardment - niass spectromctry @AB-MS) are being used more often b obtain detailed 

structural idormation, nich as tbe - d o n  paüern, the number and position of methoxyl 

groups, the nimba and linkage between sugars, the moleculPr weight, and the determination of 

the naûue and site of mgar attachment (hîdbm, 1982b). These techniques have been used 

receatiy to identify the anthocyanins in rd oonions and relpted plants (Andersen and Fossen, 

1995; Fossen et al., 1996; Terahara et ai., 1994). 

29.1 Extraction and purificrtioa procedum 

Anthocyanins are loatcd in vacuoles of pigmenteci d s .  Numerow d o n  

procedures utüizs solvrts consisting ofdifferent proportions ofacids, aid p o k  solvents such as 

methanoi, etbanol and water. nie metban01 or etâanol present in the solvent d l  denature the 

ceii membranes and enzymes. The water soluble anthocyanins d l  thcn dissolve in the water 

alcohol bosed solveat. 'Lbe acid par as the acidifiing agent since it U necessaxy to have a low pH 

for the red flavylium cation to remUn stable. In the past hydmchloric acid was used as the 

acidilyiDg agent and it was later determincd that hydtochloric acid destroyed the acid linlaiges. 



Acids s d  as acetic, fonnic and ~uoropceric aQds are now used because they do not hydrolyze 

the labile rcyl p p s  fbuad on =me andbocypnias Noore et ut-, 19829 ad b). Mcaanol and 

ethaaol &ve l m  ôoiling points, which allow fm cssy concentmtion of the extract. To minimise 

d e p t b t b ,  theamrstis ~ t o n c a r d r y n c s s  Mderavacuumatatempamirr cloaeto 

30% (F- 198%). 

23.2 Spcetrophotomttric rallyrb 

Ubviolet-visible absorption spectroscapy is an important technique used to i d e  

anthocyanin and flavonoid structuresy the oxygeaation patte- the location of unsubsthted 

phenolic hydmxyI gmups, ad Uidirectly, îhe location of a mgar or methyl p p  attacheci to one 

of the phenolic hydnnryls (Mdmn, 1982~). A h y  refhence spectra are available to aid in the 

spectra idcipretation (Erborne, 1967; Jurd, 1962; Wry et ai-. 1970b). Shift reagents are added 

to a smaü amount of 5vonoid (0.1 mg in m e h o l )  or antbocyanin (0.1 mg in 0.4 M methanolie 

HCl) solutions in a stepwise rmnner. The compound can be characterized dependhg on how the 

spcctnim changes affa the shiâ nagent is addeci- The shifk ceagents used are sodium methoxide, 

sodium acetatey boric acid and aluminum chloride. Sodium metborade wiU reveal the 

hydroxyiation pattern and the acidic hydmxyl gmips present. Sodium acetate WU detect the 

pmeare d a  &ee 7-byâmxyI gaip. When bonc acid is added a f k  the sodium acetate, it d l  

detect the praeace of m orthodihydmxy gmup. Aluminum chloride is used to detect the 

presence of o r t ~ y y d m x y l  grgrps in tnthocymh since it fonns an acid-sîable cornplex 

between the hydioxyl aad neigabouring Leton= and an acid-labile amplex with ortho- 

dihydroxyl groups. Interprdation details are avaüable (Hdmmey 1967; Wbry et al, 197ûa and 

b; Uarkham, 1982~). 



29.3 Chromatograpbic maiysh of mtbocyaninr 

CbmaiPtogPphy is tbt only mdbod of s e p a d o n  ured to separate the uulividuat 

anthocyrnins in the d e  exûacts fbr identification purposa. A number of chromatographic 

mccbodrhnnkendeveIopedo~tbeyarsd~nNmniPrucdin~taaire~viewsdbodo 

by Lee ad Ebg(1992) a d  M.d<hpm (1982a a d  b). Ibe h i c  ciwnutngmphic procedures 

traditidyoscd aie columu, paper rad tbin lP.chnmia;tographyand papa electropboresis. ui 

the krt aimiba of y-, wlid pbre extradon combinecl with high perfbrmance liquid 

cbioniato8nphy mm) hu becorne the procake of choice (Baldi et ai, 1995; Hong and 

Wmlstad, 1990a and b; Lee and Hong, 1992; Romani et al, 1996). Paper and tbin-Iayer 

chmmatography were the chromatographic techniques used to conduct the pioneering work of 

anthocyauin identification. With these two methods, the samples are spotted onto the paper 

sheets or thiu layer chromatoraphy plates, and are resolved ushg a variety of solvents 

1982b). Paper chromatoraphy can be used on a preparative scale to isoiate 

compouads for identification. Thin kyer chromatography offen the advantage of different 

statiowy phases, a d  fastet resolution t h e  over paper chmatography (Lee and Hong, 1992). 

Both methods require the use of spny reagents to m l v e  the spots. Paper electrophorais has 

been used on a féw occasions to distinguish malonateâ antûocyanins @avies, 1992; &&orne and 

Boardley, 1985). 1t ofnn litîie or no advantage over papa chromatography (Lee and Hong, 

1992). Opai colmm chmgraphy bsr been used for large d e  preliminary purification or 

p@ve d e  sepPntion of anthocyrniar and flavomids. A number of adsorbent materials 

have been use& Fanging h m  cellulose, ion-cxchange resins, polyamide, polyvinylpynolidone 

(PVP), silica and Sephadex G- and L?I-20 series of gels (Markham, 1982b; Lee and Hong, 1992). 

The solvents used with column chromatography are sllnilar to those used in thin layer 

chromafography. Column chromatography is very tedious but ù a usefiü large sale sepration 

proctss. 



ûvcr the last mimkr ofyears, soiid phase d o n  carûidges have become increasingly 

popuiu fbr cImûng pp crude anthocpain extmcts (Baldi et d. 1995; b g  and Wmlstad, 

1990& Rmiuii et ai., 1996). A sdid phase a t d g e  coliris& ofa small, disposable, 

ph& artidgc a column packcd with an adsorba& 'Ibc commercially a&Ie solid pbase 

adnctim cartri&= arc p a d d  witû aâdmts basecl on mase  phase, n o d  p h  and ion- 

exchange squation m e c b i s m .  AvailabIe r e v d  phase packkg materials consist of Cit, Ca, 

cl and CH bondeci phases. OciPdecyIsilane (Cid sorbeat is the most cornmon hydrophobie 

sorbent uscd for ridbocypnin methad development by extnctiag compounds in a~ueous samples 

(Waters (Canada), 1996). The solvents used are often the rame ones used for hi& performance 

iiquid chromatography e.g. watef, acidibed water, metbanol, ahyl acetate, acetonitrile and others 

(Baldi et al., 1995; Romani et al., 1996)- The sample is simply apptied to the cartridge which is 

washed with a number of solvents to elute the components of intaest in the various hctions. 

Solid pbase extradon &âges are rapiid, efEicient, repmduciile, economicai and d e  when 

compared to column cbromatography waters, 1996). The fractions of interest caa then be 

injected into an HPLC Tor sepadon and identification. 

High @ormance b i d  chromatography is a fom of column chromatography which 

dues very s d l  mataial particles of regular sbape and high pressure to achieve 

aoceptrble flow rates and scpPrstim (hhkhn, 1982b). The major bene* are tbat one is able 

to m v e l y  anaiyse the fîavonoid and aidéocyaain mWaue, t U very sensitive, requb very 

M e  sample? offem excelleut separation, is very &st and can be used on a pnparative scaie 

(Markham, L982b; Hong and WroIstad, 1990P a d  b; Haag and Lee, 1992). Flavonoid and 

anthocyanin aaaiysis is typidiy performed usbg reverse phase HPLC (Elng anci Lee. 1992). A 

reverse pbase colunm consists d a  hydrocubaa cbain of a certain length b d e d  onto the silica 

matrur. For Cl* packing material, the hydrocdm chab is 18 carbon units long and is refened to 

as octadecykilyl (ODS). In reverse pbase chromatography, the compounds of interest are eluted 



in decrdng order of pohnty. Elution is achieveà by us@ r gradient consisting of acidified 

waters which is mixeâ witâ incnasing amoints of mcthanoi or oectoaitrile to elute the less polar 

campan&. W-visi'bk or photodiode u n y  dctedon are u d  to piooide prelimùiuy 

-011 d the p&ments. Compukrs, which arc connectecI to the dctcctor, are used to 

mo~rietciaioatimes,spemJ.aPtr~~~ditatosÉindards,aadaidUiquansitatim 'Ibe 

speEml chta a d  reteation timc pmvide infi,-on on the agiyc011t~ the sugar aad the presence 

of acyloticm. Dual wavtIcngth -011 at 280 am aad 500-550 nrn is useful by pmviding 

preiimiauy identification drmbocyPnin peaics since they a b s d  strangly in the visible region 

when in acidic solutions. A -id mahod inco'prating HPLC, GC and W-vis spectmphotometry 

bas been developed by Gao and Mami (19940) nK the chanid cha&mab 
. . on of anthocyanins. 

This metbod has ken used to i d e  the anthocyanins and phenolics in low- and highbush 

bluebemes (Gao ad Mazza, 1994b; Gao and Mazza, 1995a) and cherries (Gao and Mazza, 

1995b). 

29.4 Rteent idvances in identification teclmique 

More recently, HPLC with mas specttometer detectors bave ben used to provide Eister, 

more acmate identification of the peaks (Baldi et al, 1995). Aiso, information nOm FAB-MS 

and NMR is now used to i d e  the structures of the compounds mon accuratcly rban the 

Jpecerl methods used befoce. Methods using capillary zone elecüophoresis with m a s  

spectrometcr detectors have been developed to id- aathocyaniiu (Bride et al., 19%; 

Schwenk et  al., 1995). 

2.10 Condusions 

These new rapid isolation and idemination techniques can be uad to identifl ncw, more 

cornplex anthocyanins faud in nature. By studying the structure and their stability in vnio and in 

vitro, it CUL be determincd how the vast m y  of orange, red and blue colours in naiure are 



stabiüzcd. This informafion will aiso help determine wbether any of these stable anthucyanins 

with a w ï t h t  a copigment cm be =Cd as d e r  natumi f hd  colourant to ~omplement &ose 

alnahy in use tnlay. 



3.1 IntrodPction 

R d  ornions, Ailium cep L. amtain mitbocyaiiias and colourless phenolics in the dncd 

outer skius d in the epiderinal layer of their flesliy d e s .  Tht coldess  pbmolics nich as 

fhv01104 qirerCetia and haipfml giucorida vmre iciEentified by Fenwick and Wey (1985). 

Prevïously tbese compounds were chnnstnucd usiag paper d o r  tbin layer cbrotnat~graphy~ 

UV-vk spectroscopy and chernical met&& such as acid and aikaline hydrolysis (Ftdeki, 1969, 

1971; Starke and Hemnann, 1976). Studies on ambocypniiis by Robinson and Robinson (193 l), 

Bmdwein (1965), Fuleki (1969, 1971), and Du et 01. (1974) s h e d  that the major pigment in 

red onions wu cyanidin 3-glucoside, with lesser amounts of cyanidin 3-laminaniioside and d e r  

minor unidentifid cyanidin, peunidin and pelargonidin glycwidu. Moore et al. (1982a and b) 

reporteci the presence of several acylated cyanidin glycosides although identificatioa of the acyl 

group was lacking. Terahara et ai. (1994) determined t h  'Kurenai' red onions h m  Japan 

containeci the anthocyaiiios cyanidin 3-glucoside, cyanidin 3-laminaniioaide, and their 6"- 

malonyl derivatives. While the present study was in progress, Andersen and Foisen (1995) 

reportad cyanidin 3-(3",6"-dimaonyl glucopyranoside) and cyanidin 3-(3"- 

malonylglucopyramside) in A. victorialis L, a close reLtive of k c e p  L. Recentiy, Fossen et 

al. (1996) reported fair major and s u  minor authocyaains in 'Red Baron'. 'Tropea' and 

'Comred' anions, including the 3-0+.(3"-donyl@ucoside), 3-0-P-(3", 4"- 

dimai011y1gluc05ide), d 3,Sdigiucoside derivatives of cyaniain, peonidin 3,5diglucosida and 

two 3-glycosyïated denvatives ofpeiargonidin. 

lae objective of this research was to ide* the major anthocyanins and colourlas 

phenolics ptesent in fbur of the red onion cultivars in Cauada and USA. Initially, the 



objective was U, verify the id- of the msjor admqmhs and phenolics d g  a novel, *id 

i d e n t i b t h  procedun. Hmever.. publication ofthe identity of the major onion rntbocyanllir 

by T d m a  ef al. (1994) ami Fo6sen et al. (1996) d e  this study was in prognss, resulted in a 

d t h e  stuciy objcctivu. It was decideci thrt the mhor anthocyY>inr shouid also be 

i d d e d  Osmg m ùapmvd scparation produre. T h y  the objectives of biis study were 

severalfbw 

1) To isoiate rad ide- the major coloutiess phenoüa rad anthocyanins in four red 

anion cuhivars usiag chmmatogmphic, speclnl and chernical mdhods; 

2) To <lunatity and compare the aathocyanin and colourless phenolic contents of severai 

culrivars of red onions using HPLC; 

3) To isolate and i d e  the minor anthocyanins ushg solid phase extraction and a 

novel HPLC-GC method for the identification of anthocyanin pigments; and 

4) To collect the major anthocyanins for copigmentation experirnents. 

3.2 Materials rnd methods 

Red onions (cv. 'Mambo' grown nmmercially in the Fraser Valley of British Columbia, 

Canada in 1994, cv. 'Red Jurnbo' grown commerciaiiy in Washington State, USA in 1995, and 

cv. 'Red Bone' and 'Red Grrnar' grown c o m m e ~ ~ y  in CaWornia, USA in 1994) were usd 

Onions were barvested in arly September when the tops were dowq a d  stored at 1-2°C in a low 

humiclity chmba fw about lair weeks More exiradon of amhocyanin pigments. The 'Red 

lumbo' &var samples were fieezedried and used for thc pdcation of ceatain authocyanins. 

3.2.1 E3xbactioa and purification of  major rathoydos rnd colourkss phenolics 

'Ibe extmction was done using fkeze dned onions and mcthanoI : f d c  acid : water 

(MFW; 40555) fbr 1 bw. The sluny wu 5ltcred thraugh Whahnan No. 4 mer paper and a 

0.45 pm fiiter. An aliquot was in.& into the HPLC anaiytical cohmin f9r analysis. 



'Ibe cmde extract mon soluble in 5% formic r i d  W o )  in watet was applied to a 

d cohunn d *y i9dic d m q i i c  type7 C ~ ~ * O I L  exchange min Am- CG40 

Cbomid Wodo). 'Ilie dimensions of the coliuan were as follows: leagih, 109 aq 

-, 17 mtü. The podoag wu Wasbcd with severai col- volumes of5% HFo More the 

sample was applied. The sample was oicnilly applied onto the column dl at once with a pipeüe 

and donal to pas iato the packing mteW More the eluent of 5% HF0 was a d d d  Most of 

the anthocyanins eluted in the féw &actions collected f b r n  the column. Ail collecteci 

firastons were concentrated to drynas on the rotary evaporator and then resolubiiized ni 5% HFo, 

fiItered and nui on the HPLC in oràer to determine which fiactions contained the most 

aahocymïm ( M o n  #2). The eluent was clmged to ahan01 : fonnic acid : water (EFW, 

50:1:49) once it ap- tlip most of the pigments (red band) had eluted h m  the column. The 

EFW impmved the elution of a yellowish-brown layer, which cuntaiaed mostly the 5vonoids. 

The column was washed clean wah acidified ethanol and tben washed with EFW and then 5% 

HFo, each a féw column volumes. The fiaction containhg the most authocyanins and phenolics 

was then injecteci into the HPLC to ide- the mjor anthocyanins and phenolics. AU peaks 

which abaoib strongiy at 280 nm (~010~~1ess phenolics) and 525 nm (anthocyanias) were 

callected and fieeze dried. 

3.2.2 Extraction and isolation of major and minor uthocyanins using solid phase 

estraction 

ïhe above methcui did not aUow for & c d  separation of the minor and major 

anthacyanins for identihtion and coUection purposes. I ï i e r e ,  another method was 

developed and was a modification of tbat used by Baldi et al. (1995) and Romani et al. (1996). 

Extraction of minor anthocyanin pigments was Mid out piiniprily wing the dry outer d e s  of 

'Red Jumbo7 onions since this variety was more readily available. The dry outer scales were 



mikd in O coffée grirsder. Anthocyanins were extmded h m  the miiied material (30 g) with 3 x 

300 mi, of metban01 : formic acid : water m, 50:5:45; vxv) (Figure 3.1) and fiItered through 

a Buchner h e l  and Whaîmaa No. 4 6lter paper. 



10 20 30 40 50 
r i  (min.) 



Erdnds were combined a d  aiacenwed to n a r  dryness on a Büchi rotasy evaporator 

(Brinkaeaa btrumeats Caoada Ltd., Missi- ON) at 30% to yield a crude extract- 

Ai.@& of audt cxfmct (100 pL) wae ladcd on a Ca Ma1S-Clean (600 mg) solid phase 

aQIcrioo cmtridge (Alitech Assoc:Assoc: 61E, Deerfield, IL) m c h  had b a n  activatecl with 10 mL 

metbanol, Mowed by 10 mL o f  5% kmïc acid Wo)  in water. The loaded cartridge wu 

seqacntbîly washed with 10 mL of MilliQ watct, 5% WC acïd in water* ethyl acetate, 

methanoi, snd MFW (50545, mm). 'Ibt mahano1 M o n  cmtained the anthocyanins and was 

evaporated to dryness on a rotary evaporaforrafor The d m c y a n h  were nsolubilued in 5% fonnic 

acid and aItaed through a pdyvinylidene &ride (PVDF) filter (Acroduc LC13 0.45 pm, 

Gelman Sciences, AM Arbor* MI) prior to high performance Iiquid chromafography WLC). 

3.2.3 Hîgh pedormrace liquid chromatogrrphy 

HPLC analysis was d e d  out on a Waters liquid chmatography system (MUipore, 

Milford, MA) ushg a 250 x 4.6 mm i d  ZMbax SB-Cin Stablebond analytical(5 p) colum and 

a 5 pm, 250 x 9.4 mm i-d semipqaraîive colurnn (Rockland Technologies Inc., Chadds Forci, 

PA). For the semipreparative columa, a 500 pL loop was used and for the anaiyticai columq a 

50 pL lmp was used. Column temperatwe was maintained at 30°C for the fint anthocyanin and 

phenolic identification and then hcreased to 3S°C fôr iderrincation of the minor antbocyanins to 

oôtaïn best resolution and retention the stability using a Waters tempe- control module. A 

Waters 99W pbtoâiode u n y  d&aror amnectd to a petsanal cornputer aud plotter was used for 

peak detection and data d y s i s .  Compaiads were sepivatcd by gradieut elution using formic 

acid : water (5:95, vh )  (solvent A) and HPLC grade metban01 (solvent B) according to the 

following profiie: 0-20 min, 10924% B; 20-32 min, 24-32% B; 32-47 min, 3245% B; 47-53 

min, 4540% B; 53-54 min, 50080% B; 54-58 min, 80% B; 58-60 min, 80-10% B. The solvent 

flow rate was 1.0 &min for the ao\alytical column and 4.2 W m i n  for the semipreparative 



colwntl. AU p h  tbat absotbed at 280 nm (fiavonoids and phenolic acids) and 525 nm 

(aittfiocyanias) were collecteci Psmg a fÎadion coiiector. Anthocyanio fiactions were 

concmmitd to dryness on a rotary Gvapomtor, dissolveai in 5% aqueous foxmic acid and re- 

ChrPIlbatOgtlphed on a gradient consisting of fodc  acid : water (595 vhr) (solvent A) d HPLC 

g d e  rctonitde (solvent B). 'LbiP elution pmfiie was: 0-55 min, 8920% B; 55-56 min, 20450% 

B; 56-59 min, 80% B; 59-60 min, 804% B. Al1 p a b  were collecteci for cbaractenzation by 

chernical, cbtomaî~gmphic and s p d  medi& as descrï'bed below. 

3.2.4 Identification of anthoyinins 

Isalated anthocyaniar were cbamterked using previously describai methodo10gy (Gao 

and M&zza, 1994a). Anthocyanins were hydrolysed in methau01 - 2 N HCI (0.2 mg dry 

anthocyanin in 0.4 mL MeOII; then 02 rnL of anthocyanin solution with 0.2 mL 2 N HCl) to 

cleave the pigments hto aglycones, mgan, and acyl groups. Antù0Cy;inidins and phenolic acids 

were identifiecl by reverse-phase HPLC in a single d y t i c a l  nin using retention times and UV- 

visible absorption spectra. Aliphatic acylating acids a d  sugars were characterized by capillary 

gas-li@d chroaratography (GLC) analysis of the trimethyIsiiyl derivatives of sugars and 

aliphatic acids and by the methyl esters of tbe aliphaîic acids. 

Retention times of ardiiocySnm stamkds were obtained h m  a crude extract of 'Fundy' 

bluebemes, dose aathocyanin composition bas ban identifid (Gao and b k z a ,  1994b). 

Anthocyanidin retention times were obtained by acid hydrolysis of the anthocyanins fbm a 

'Fundy' blueberry sample. A purity chdr of the purifieci anthocyanin allowed for determination 

of retention tirne. Pwified pigment was rec01lected for alkalue a d  acid hydrolysis anci spectral 

allalysis* 



3.2.5 AUIrline hydtolysh (&rcyIation of anthocyuiin) 

Each HPLC p d i e d  anthocyanin (Jas tban 0.2 mg) was dissolved in 1 drop of 5% 

fotmic acid W o )  aad thcn flushd with nitrogea W e  this solution was still mder nitrogen, 2- 

3 dmps of2 N NaOH were added hiniing the solution hnn red to blues then to green and M y  

to ydlow, at *ch t h e  2-3 c h p s  of conciirroced 90% HF0 were added to stop the alkaline 

hydrolysis. The hydmlysaie was Ieft to stand for ha0 houio (at m m  ternperatwe and in the 

prrscnce afdim light) to ailow reversion of the cbaicone ta the 5vylium cation, and was injecteci 

into th HPLC system ta determine the retention thne of the deacylated a~thocyanin~ 

3.2-6 Spcctrai r a d y s i s  

In order to determine the amount of anthocyanin to use for sugar and acid anaiysis, shift 

reagent anatysis was fint p e r f o d  @&&am, 1982~). Purifieci anthocyanins were dissolved in 

0.01% (v/v) HCI in methanol and al1 phenolics were dissolved in 2 rnL methanol for 

detennination of UV and visible spectra (200-700 am) using a Beckman DU-640 

spectmphotometer @eckman Iastniments Canada hc., Mississau&a, ON). The sodium 

methoxide (NaOMe), sodium acetate (NaOAc) and sodium acetate + boric acid (NaOAc + 

H303) shifts were recorded for colourless phenolia over the same wavelength range and 

interpteted as recommended by Harbome (1958), Mabry et ai. (197Oa and b) and Maikbam 

(1982~). For anthocyanias, the aluminum chIoride and hydrochloric acid shifts were recorded 

and interpreted as descn'bed by Hatborne (1958), Uabry et al. (1970a) and Markham (1982~). 

The position of the sugar on the anthocyanin molde wu determifled h m  the spectd data 

dong with the retention times of the hown anthocyanins in 'Fundy' bluebemes. 

3-17 Acid hydroiysu 

Amhocyanin samples (200 pg) were subjeded to acid hydrolysis. ARu redissolving the 

anthocyanin in a mixture of 200 )iL o f 2  N HCl aad 200 fi of MeûH, the resulting solution was 



heated unda N2 aûnosphete for 1 hour in b i b g  water, cooled in ice, and assayed for aglycone, 

sugars ad methykted alipbatic acids. An aüqwt (5 fi) of the hydrolysate was injecied into the 

HPLC syrtmi to a h w  rctedon t h e  a d  rptEaPl cbaractetistics of the anthocyanidin to be 

dertnniaedc 

3.2 J Aiipbrtic acid uilytis 

The acid hyddysate was extmted with chlomform (100 pL) to idente any methylated 

aliphatîc cdmylic acids present, Mer phase separation, 30 pL of the chlorofonn extract was 

pipeacd iDto an amber vial conîaining 30 mg of sodium sulphate and shaken. An aliquot (5 pL) 

of the smact was injected onto a Hewlett-PaciGvd 5890A gas chromatograph (OC) system 

(Hewlett-Packard, Avondale, PA) equipped with a fiame ionisation detector (FiD) and a 1 pm x 

30 m J&W DB-170 1 capillary column (JaW Scientiiic, Folrom, CA). A temperature gradient 

was used in the sepadon, wherein column temperature was held at 45OC for two minutes, then 

increased at a rate of 20°C/min to 250°C and held at 250°C for 15 min. Helium was the carrier 

gas (1 mUmin), with nitrogen as the rnakeup gas (30 mumin), and the split ratio was 25. 

Standard carboxylic acids (oxalic, malonic and niccinic acids) (Sigma Chernical Co., St. Louis, 

MO) were subjeded to the same methylation pmedure and analyzed under the same conditions 

outlined above. 

3.2.9 Sugar mdysis 

The acid hydrolysate afkr chiomfomi extmction was used for sugar anaiysis by adding 3 

x 200 pL aliquots of l-pentanol (ab known as amyl aicohol), sbaking, and ailowïng the phases 

to sepamte. The upper (l-pentanol) laya containhg anthocyanidin was removed and the 

remahhg a~ueous phase conPining suga~(s) and acid(s) was dried under nitrogen. Dry sugar(s) 

and acid(s) were dissolved in 50 pL pyriidmc and derivatized using 25 fi each of 



hexamethyldis~e  @ l W S )  aad trimethylchlorodaae W C S ) .  The mixture was sbaken for 

30 seconds and le& to stad fin five minutes prim to injection into tbe gas chromatograph system 

cquipped wuith a FID detector ad gpillary co1umn as d c s a i  above. A thermal gradient was 

used ta sepamticm. The initiai column tempaatm was 120°C, and was increased immediately 

r a üaar rate of 200C/min, fbllowed by a SOUmin k m u e  a b  3 min to a narl column 

tanpetabne of 230°C. AU d e r  conditions were as descn'bed above for mnhyl ester anaiysis. 

S s g r  a d  dicarboxylic acïd rimduds (rhamnose, glucose, and piadose; d i c ,  malonic and 

succinic rQ&) wae abjectecl to the same derivatkation procedures, as were the amples. 

3.2.10 Detemiartion of iathocyiriin content 

Total rmbocyanin content was detedec i  by HPLC d e r  the same conditions used for 

idemincation Results were erq,ressed as cyanidin 3-glucoside. Andysis was pedbrmed on the 

fkezedned wtiole onion. Approlrimately 1 g of îreezedned onion was combined with IO rnL 

MFW aiud atilowed to mix for 20 minutes. MFW exhct was separated h m  the solid material by 

filtration with a Buchner fiionel. An aliquot of the cm& ex&act was filtered through a 0-45 pn 

PVDF filter and 50 @ was hjected hto the HPLC for analysis. For each variety, one extract 

was made on a single onion bulb and tbnc different bulbs were d y z e d  for each w*ty. 

3.2.11 CoUection and precipitith of mtbocy~ins for copigmentation experimcnt 

The aatbocyanin peaks of htmst, identifid as cyanidin 3aulonylglucoside and 

cyanidin 3-malonyllaminan%ioside, wae collecteci ushg the semipnporative column and the 

same gradent and der  conditions as iltntcd pwiously. Each peak was colleded in a separate 

test tube and then pooled with the previmly collected fiactions in a 250 mL round bottom fkk- 

The coiiecteâ pigment peab were dried on a daily b i s  ushg a Büchi rotary evaporator 

(Brinbai00 Iiistniments Canada Ltd., Mississauga, ON) with the water bath temperature set at 



30°C aad then stored at 40°C. The pigments were re-cbromaîographed to check their purity 

usine 5% famc acid in wata (solvent A) and 1Oû% m e  (solvem B), using the 

conapoadisg @enî mcntioned eaitlier. The puxified peaks were rr-collectecl, and Bushed with 

niçrogen to evapotate the wlvemts. 'ik remhg pme mthocyrninr were dned 0d0 the w a k  of 

the viai. in this fOmS thcy m l d  na be &y and aOcIuately weighed for use in the 

copigmmta!ion arperiment 

?'O amcorne this di&cuity, a precipitation pmcedure was Med tbat resulted in a 

powdered, easily weighed anthocyPain which did nat dacylate the antbocyanin nerabara et  al., 

1994). The pooled sample of each anhocyanin was dissolved in less than LOO pL ccmcentrated 

HFo aciacid; aris was fbliowed by addition of 1 mL of MeûH The dissolved anthocyanin was 

pipeüed into a 1.5 mL Eppebdorf plastic dùposable micro cenhinige tube (MVR CanIab LM, 

Miuissauga, ON). The solution was dried by g d y  flushhg wîth nitrogen gas. Once dry, 

approximately 20 of concentrated trifiuotoacetic acid (100 %) (Fischer Scientinc Ltd, 

Nepean, ON) wu rdded in a fume hood causing the anthocyanin to dissolve and fonn a dark 

orange solution. To precipitate the anthacyanin, 200 pL of ancentrated teethyi ether (100 % 

ethyl &a) (Fischer S c i d c  Ltd., Nepean. ON) was added. U'n addition, one could 

immediately see the anthocyanin m e  out of solution and fonn a piirple precipitate. The 

Eppendorftuk was dosed and the xnixûm was mixed on a voiiar for 30 seconds. To aid in the 

d i n g  of the precjpitate, the solution was centrifiiged Pt 10,000 rpm for 5 minutes ushg an 

Eppendorf micro centrifiige (mode1 541%) (VW Canlob Ltd, Mississauga, ON). M e r  

centrifugation, the diethyl d e r  kyer was gedy pipetted off and another 200 pL of diethyl ether 

was added, vortexed and then cenbifiiged, 'Ibn step was repeated twice. Then the diethyl ether 

war decanted and the Eppendorf tube contahh8 the antbocyanin peiid was placed in a glas 

desicaitor filled with cirierite and placeâ d e r  vacuum for 3 days. After the 3 day drying p e n d  



the an&oqa& was dqr a d  m d y  fbr the c o p i g m d o n  experhent. The pigment wu checked 

fw degmdation and puriry by mbtomatographing it uaDg the same conditions used for its 

p d c a t i o a  

3.3 Redts  

3.3.1 Cbu~cterizatioa of major rnthocphs lad colourku phenolics 

3.3.1.1 CbuacttFizrtion of major u ~ t h o c y ~  

Fmn the data in Tables 3.1 anci 32, ail fiair mdiocyaam pcalo have cyanidin as their 

d y ~ d n e .  P& 9 and 11 were SCYW with mal& *id. Aikaline hybolysl of peaks 9 and 

11 indicated tbat peak 5 ad 6 were the conespondhg de-acyW anthocyanins. Oas 

cbromatography of the derivatized su- sbwed tbat all faur pigments coatained glucose as the 

glycoside. Baseci on the chernid, spstral and chromafographic d t s ,  the identities of the four 

anthocyPmiiP are as follows: peak 5 is cyanidin 3-giucoside, peak 6 U cyanidin 3-laminaniioside, 

peak 9 is cyanidin 3-malonylglucoside and peak I l  is cyanidin 3donyUaminaniioside. These 

resuits were in agreement with those of Teiabua et al. (1994) who reported the Occunence of the 

Tibk 3.1: Spectral cbatacteristics ofaathocyanins in red onions. 
Peak No. 



Tabk 3 A  HPLC and GC retention times (t) of ardhocyanins and their conesponding mgan and 

& (inin) t(inin) & (min) 
5,2663 35.70 I S Z ,  2121 O O Cyanidin 3-giUCOSide 

acid 
Peak numkrs ratr to anthocyanins in Fig. 3.1 

3.3.1.2 Cùurcterization of cokurkrs phciioliu 

The spectrai data for peaks 1, 2, and 3 indicaîed thaî tbey were either fivanones or 

dihydroflavonois due to the strong absorption Pt 275-295 nm (MWmm, 1982~). Peaks 1 and 3 

hadve~s~hr~pmpariesa~epttbptashoulderPppaiedf9rpaL3at322imi.  Peak2 

had a cfiftireid mabaaol spectnm since it baâ peaks at 258 nm and 294 nm with a shoulder at 

220 am. By ushg tbe s h i a  reagents. it was not possible to estabiish the identity of peaks 1 and 3. 

By cornparhg the HPLC m o n  times of thae peak with tbose of JEindards, it appean that 

peak 2 is prob;rbly p-uic .cid Acid hydmlysis indicates tbat all tbree peaks are 

glycosylntcd and OC analysis of the TMS derivatives indicated that glucose was present. Acid 

hydrolysis also showed thzt peak 1 is a product of the breakdom of peak 3. Thetefore. peak 1 1s 



idenoficd u pmtogtffbuic acïd 4glucoside, p d  2 is protocatechuic acid and peak 3 is a 

strudum arc dcpiaed below in Figure 32 .  

Figure 33: Structures ofthe identined colou11ess phenolics. 

Peaks 4, 7, 8, a d  12 were tentatively ideatified as flavonols because their speftnl data 

indicated tbat they absorbeci strongly at 346-365 MI and 25 1-266 na Mer analyzing the effects 

of the shift reagents on the speztra ud cornparhg the spectra to those pubiishcd by Mabry et al. 

(1970b), me can conclude that aU iour 5vones were derivatives of querceth. This was expected 

since previous researchers have identifieci vercetin and its giyeosides as king present in onions 

(Bdwein,  1965; Stark and Hamanii, 1976; Bilyk et al., 1984, Kiviranta et al., 1986; ami Price 

d Rhodes, 1997). 

Peak 12 was identifid as q u c h  4'-giucoside (commonly know as spimeaide). Its 

spectd pmperties and shifb a f k  addition of the SM reagents are very simikr to those of 

queneth 4'-gîudde as publistred by Braidwein (l%S). The sodium methoXide spectrum shift 

indiates that a 4'-hydroxy is ptesent and the AlClJHCl spe*nmi  indicates a 5-OH is also 

present. This leaves the &OH on the Bring as the ody d e r  place where the molecule can be 



glycosyhtcd. 'Ibc GC analysis verifies thPt gluccrsc is Pnachcd to the flavone. The identity of the 

fîavoae ir fiuther ven6ied by acid hy601ysisysis nie hydrolysis pmBuct had the same retention tune 

as the <pacaur stindud ad their spectn matchaL This lead one to conclude that peak 4 is 

qumcîin 4'-ghKoside a s p h i d c .  

P d  7 wu i d d e d  as quercetùi 3,4'digluaside. As with peak 4, its spectra and the 

shifb induccd by the shift -en& wac s i d a r  to the d u e s  for que& 94'-digiucoside by 

B r a d w h  (1965). ?be spcanl sbitt data indiCates tbat there is no fke 4'4H group and thet 

thetefore glucoside must be present at tht position. There U a fiee 7-ûH gmup and no B ring 

onhodihydmxy system. The acid hydrolysis product bas the same retention tune and spectra as 

the que- staadard. The GC analpis hdicates that the sugar is glucose. Thedore, based on 

this data, it was coacluded tbat tbe idemitiy ofpedc 7 is que& 3,4'diglucoside. 

Peak 8 was tentaiively identifiecl as vercetin 3glucoside which has not been reported in 

onions before. Itc metbanol spectrum show one large peak in the region of 250-270 nm but this 

peak had two smaller apexes at the top. Wben the rest of the spectral &ta was compareci to the 

d t s  by Uabry et al. (1970b), the nst of the shifts seemed to be Wiy close. The GC analysis 

i n d i d  tbat tbU peak U a b  glycosylptcd with glucose and no acids were detected. This led 

one to conclude ttilt it is quercetin 3-glucoside 

Peak 4 was aiso idaitifid as a quercetin derivatve. F m  the spectrai data and the data 

produad using the shift reagents, one caa anclude that the 4'-hydroiry group is pnsent aiong 

with perbaps a 3-hydraKy d o t  S-hydroxy. The acid hydmlysis yielded quercetin and the 

spectm PlYi reteation time mstched with the standard. 'Ibt OC d y s i s  indicated tbat glucose is 

the glycosylating su$ar. The ide- of this peak an d y  be speculated upon Its spectral 

pmperties seem to be close to those o f  quelcetin 3 ',4',5,7-tetmmethyl. However, if if were the 



denvative, ib acïd hydrolysis product should bave a diikent retention the and spectra tban <bat 

of quercdn. Pcihps it is vercetin wah laminaiiioside as the sum. Howwer, it is most likely 

qercetin 7,4'-dig1uCOBide, sincc t h  is a qiieicdia derivative which has been identifid in Luge 

amamts by dhas @iiyk et al, 1984; KMaiat. et ai., 1986; S e  a d  Wermaan, 1976). The 

data mdiata thr a 4'- 7-09 m B h g  omho dihydrmry groups and a %OH are present. 

The sûucbihs ofthe four quercdin denvatives are illusÉratEd betow in Figure 3 -3. 

Peak# Nam~ Ri R7 R3 
4 Glu- Glucose 

Figure 33: Sbuctures ofthe idedieci que& derivatives. 



Tabk 3.3: HPU: and GC retention times (îJ of colourlas phenolics and flavones and their correspond in^ sugars and acids aftcr hyhlysis. 
PtalrNo. Rctentiontinie, Agiyconcs, Sugars, Idicntity 

8 
Standards 
Ptdocambuic 
acid 
Que& 
Naringenin 
Glucose 
Galactose 
Arabinose O 11.93, 12.73 
Peak numbers rcfer to anthocyanins in Fig. 3.1 



Table 3.4: SDectral characteristics ofcolourless ~henolics in r d  onions, 
Md) nm NaûMt NC13 AlCIJHCl 

Peak# BandII Band1 W I I  Band1 BandII Band1 BandII Band1 BandII Rand1 Eandïl RnnAI 
1 258,220 293 274 300 291, 266 298 239,283 320 221,260 297,360 

Peak numbtm refer to aitthocyanins in Fjg 3.1 
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3.3.2 Quantification and dttribution of uthocyiaiar and colouikrs phtaolia 

Table 3.5 is a qwdtdwe sumy of the Pdboeyminr rid coldess phenoliw present in 

the red mion cuhivzus '&mbo' @wn in Btiîish Co111mbia), 'Red Bone' and %ed Granex' 

(grown in Caliktnia). The chromtqpm ofthe d e  extmcts fbr 'Rd Bone' onions at 280 and 

525 ami U presented in Figure 3.4. The maiona!ed anibocyaniar were pdomiaanr. Himevers in 

both 'Rd Bone' and 'Red Granex' cultivars, tbere were iarger amdlltdS of cyaaidin 3-giucoside 

and 3-ldnariiioside. Quacctin 3,4'-diglucoside and quercetin 4'-glucoside (peak 7 and 12) 

constituted the majorîty of the pheaolics- 'Red Granex' conîained appiO]iLimateIy twice as much 

qyercetin 3,4'digiucoside as the other two cultivars. 

Tabk 3.% Contents' (milligrams per LOO g dry weight) of colourless phenolic, anthocyanins and 
queratin ghcosides in three onion cultivars. 

Cultivar 
Peak No. Mambo Red Bone Red Granex 

1 Pbcaolic acid 
3 Flmnes 

3.3.3 Conclusions on the major iiithocyrnins and pbenoüa in red onions 

A Wal of nnir antbocyanias and aine colwrl&s phenolic compounds were found in red 

anions. Tbe fair anthocyanins were cyanidin 3-glucoside, cyanidin 3-laminan'bioside, cyanidin 

3-malonylgluforide and cyanidin 3-maionyUuniaonibioside. The othec phenolic compounds were 
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p-c acid 4-giucoside, quercetin 7,4'di@ucoside, quemetin 3,4'dïglucoside, quercetin 

3-@- qper~&~ 4'gl-de, and a S,7-dihybaxy fiavanone glucoside or a 5,ldihydroxy 

dihydradkvPno1 giucoside. 



O 1 O 20 30 
Tim (min.) 

O 10 20 30 
lime (min-) 



33.4 Identification of major rad aiwr mtbocy.iiios 

A typisrl HPLC ciuoniatogram of the anthocyanïm in the methano1 haion of red onion, 

cv. 'Red Jumbo', is shown in Figure 3.5. Ali onim cuitivars showeà qiulhtively identicai 

c b n , ~ b i c  profiles for aDtbocyaninc (monito<cd at 525 mn) but with varying <luantities of 

anthqaab. For %ed Jiimbo' at 525 nm, eight anthocyanin peaks were pnsent, fûur of which 

*(pePlcs 1, ?, 5, rad 6) srd fair were minor peaks @cpIB 3,4,7, ancl 8) nab1e 3.6). 

Tibk 3.6 HPLC charactaizPson of anthocy(mins in MeOH-HFo extract of red oniom, cv. 'Red 
J~nbo'. 
Peak No. Ardhocyanin % Peakarea Agiycone Deacylated Antbocyanin 

2 
3* 
4* 
5 
6 
7* 
8* 
Stmdar& 
Del phinidin 
Cyaaidia 
Petunidin 
Pelargonidia 
Peoaidin 
Ualvidin 

Peak numkrs refir to an&oqmh in Fig 3.5. 



Tabk 3.R GC cbaiacterizatioa ofaiipbaîic and siiyhted sugars of anthocyanhs in red anions. 

(as mcthyl esters) ta(*) tn (min) 
1 - 18-35 a d  21-44) 
2 
3' 
4* 
5 
6 
7* 
8* 
Sran&r& 
owlicacid 
Màîonic acïd 
Succinic acid 
Rhamnost 
Glucost 

18.33 âd 21.38 
18.35 aad 21-44) 
18.33 and 21.38 
18.36 âd 21.42 
18.36 and 21.42 
18.33 aad 21.38 
18.36 and 21.41 

Peak nimibws refer to anthocyaruas in Fig 3.5. 

Table 3.8: Spectral dat; 

1 528,281 Z 

thocyanin peaks in 0.0 1% methanolic HCL. 
(%) Ewnnx&- (O/o) Mc13 (m) AlCl3 Shift 

LOO 
62 
75 
62 
76 
69 

Peak numbtrs rdcr to in Fig 3 .S. 



Figure 3.5: HPU: pmfiie ofanthocyanins rumucd ami W. 'Red Jumbo' rlta puri6cation using a Cu cartridge, 
monitored at 525 nm, 



Tbc fm major peah wae easiiy rcpuotcd h m  ctba components. At 280 nm, the 

chmmProlpsm showed a cwmplex miidarr of pbenolic compamds with minor aatlrocyanin peaks 

el* a cwluting with fiavmols and otha phcnotics or osher compounds. h oida to 

adequateiy reppntc ad i d e  these peaks, pre-hdonation of the raw extract was n e c e ~ ~ a z y ~  

The comp1ete procedure, which used a solid phase amaction cartriâge, is shown in Figure 3.6. 

Red onion d e s  

u 
Concentration & resolubilization in aqueous HFo 

u 
Application of extract ont0 C i g  auüidge 

4 
Wash with water followed by 5% HFo (10 mL) 

U 
Wash with ethyI acetate O other 5vonoids (discardecl) 

O 
Wash with methanol(10 mL) 

4 
HPLC -on and identification (Fig. 3.5) 

F i g e  3.6: Extmtion, firactionation and concentration procedure for anthocyanins from red 
onions. 

The maban01 eluate obtained by this piocedure contained al1 of the anthocyanins, which were 

easily resolved by HPLC tor p d c a t i o n  and idenmation (Figure 3.5). Most of the other 



fkvonoidr eluted in the ethyl pednoc eluent W o n  and were discatde& 

Pair 1 campRsed 25.4 % oftbcsathocyrnins in aed Jumbo' (Table 3.10). Tosal acid 

hydtolysis of this peak pmduced cyaaidin and glucose, whüe JlePüne hydrolysis did iwir produce 

a retention t h e  sbift hdi- tbat paL 1 was non-acylated. Sugar analysk estabhhed that 

oniy gluase was present fl&Ie 3 -8). S p a n l  shift data d the cornparison of the retention t h e  

of pdr 1 to sEsadrrdr iadisitcd tbat tbe @ycone wpr cyanidin; thus, the complete docyanin 

was cyanidin iglucoside m l e  3.7). 'l'hm, in agreement with the findhgs of Terahara et al. 

(1994) and Fasoen et 02- (1996' peak 1 is cyanidin 3-gluaside. 

Peak 5 was the major aniboeyuiin (51.2 %) in &Red Jumbo' and total acid hydrolysis 

prduced cyanidin and glucose, as for peak 1 (Table 3.10). Cyanidin f-gluîoside (peak 1) was 

yielded u p  aücaiine hydrolysis, indicating acylatioa The acylaîing acid was identified as 

mdonic acid using gas chromatogtaphic anaiysis ohthe acid hydrolysate Fable 3 -8). Ushg these 

d t s ,  peak 5 was idemified as cyanidin 3+"-donylglu~ide), which concurs with mults of 

Terahara et al. (1994) d Fossen et cil. (1996). 

Peaks 2 and 6 repnsented 8 % ad 11.8 % of the total authocyonins, respectively in 'Red 

Jumbo' oniom. Acid hydmlysis of@ 2 and its specûd data Id to its identification as cyanidin 

with a sugar moiety r the 3-porition. The supr moiety wu amhned to be glucose by sugar 

analysis, while allraline hyddysir muits indicated the compound was not acylated (Tables 3.7 

and 3.8, rapeciively). It was concluded that peak 2 was the qmidin 3-laminsn%ioside as 

reported by TerPbara et al- (1994) sUre it elutcd iater than peak I even though its chernical 

constjaients were idaiiid to peak 1. Glycdsylation by lamiaaniiioe probably renders the 

cornpoucd more hydrophobie, increasiag its retention t h e  on a Ci* colwllll. For peak 6, the total 
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acid hydmlysis and sugar analysis pL'bdllced the same nsult as peak 2. Aikaline hydrolysis of 

pcJt 6 yiddai -din f - ~ ' b i o s i d e  (paL 3); the acylasiag acid was maionic acid Peaks 2 

ad 6 wcrc thendiore identiEied as cyaaidin 3-laminaniioside and cyanidin 346" 

malony~%ios ide ) ,  nspcaively. Tbc flout @or anthocyaoins of onions @eaks 1,5 5,6) 

were coirfiimed to be @din 3~Iufoside, cyanidin 3-lamhari'bioside. cyaaisypnidin 3- 

m P l 0 n y 1 g i ~ d e  d cyanidin 3-malonyIlamiaaniioBide, iapcc(ively, as reporteci by Terahara 

et of. (1994) and Fmen et al, (1996). 

In 'Red lumbo', peak 3 was the most abunrlant of the minor peaks, and accounted for 

12% of the total Pmhocyanhs in this cuitivar (Table 3.10). The agly«nie was identified as 

cyanidin through acid hydrolysis, and s p d  shift analysis indicated glycosylation at the 3- 

position (Table 3-7 and 3.9). The formation of cyanidin 3 ~ u c o s i d e  after alkaline hydrolysis, the 

identification of malonic acid as the acylatibg a d ,  the shorter retention time of this peak than 

that of peak 5, hdicated tbat this peak U an isomn of peak 5 with rnalonic acid attached at a 

Werent position on the glucose residue. It was concluded that peak 3 is cyanidin 343" 

malonylglucoside). 

Peak 8 repmented 0.5 % of the total aatboeyPnLi cartent in 'Red Jurnbo' (Table 3.10). 

Similar to peak 6, acid hydrolysis, s p t d  data and sugar anaiysis indicated tbat this compound 

was cyanidin glrcosylated at the 3-porition. R e d &  of alkaline hydrolysis and alipbatic acid 

identification mggested the compound was donatecl cyanidin 3-hinariiioside. Ahhough 

peaks 6 a d  8 were identicai in &eu chernical structures, the compound represented by peak 8 

was more hydrophobie than peak 6, as indiatecl by the increased HPLC retention tuae of the 

former. It was pOBLulMed that peak 8 represents a dirnalonated compound in which both g lume  

moides of the laminan'biase are substihited with malonic ad. 



Wo 4 ad 7, the der  two minor pnthocvrninr, comprised 0.8 %and 1.1 % of the Mal 

authaylain content rwpcctivety, in 'Rd J u d o '  dons Cfable 3.10). Spectial analysis and acid 

hydmlysis muhs showd tbat the a@ycone was poonidin &osylated at the 3-pition CaMe 

3.9). Alhlins hydrotysis ofpeak 7 proâuced paPk 4 whik aiipbatic acid a d y s i s  i d e d e d  the 

acylatinp acid as donic  acid and sugar anaiysis mealeci the presence of glucose. Commson 

of resufts wiih standanlr ied to the tentative id&--on of peab 4 aid 7 as peonidm 3- 

giucoside and panidin 3-donylglucoside, respecîively. 'Ibir U the fht report of peonidin 3- 

Tbe structures for aii anthocyanins identifid in red onions are illustrated in Figure 3.7. 

Peak# Name Ri & R3 

1 Cysnidin 3-glUCOSidt OH H H 
2 Cyanidin 3 ~ i i o s i &  OH H @=O= 

3 CyaMb 3 < 3 n d ~ n y 1 g i d & )  OH H maionic acid 
4 Pamidin 3-glI1C*ISj& -3 lx H 
5 Cyanidin 3~6~0nylgîUCOGjcle) OH malonicacid H 
6 Cyanidin 3-(6'donyî-lamïmiiiosi&) OH malonic acid glucose 
7 Pamidlli 3-Pnalonylgi~~0side û C X 3  malonicacid H 
8 Qddin3~onyI l? imi iwni ios i& OH H glucose & malonic acid 
Peak numbers refit to in Fig. 3.5. 

Figure 3.7: Structures ofthe anthocyanhs i d d e d  in red onioas. 



3.35 ADtboeyuiin profiles of vuious cuitivars 

h ail fo~t North Ameticaa lpown nd onion &vars invdgated, thac were signîficaat 

di&naecs in the nkiive puratiry of& anthocyanips ahhmgh the docyan in  profiles of the 

roUr coltivus ann quiatPtMly similrr Fabk 3.9). hi .II cultivars, cyanidin 3- 

maiony1~0~0~ide (peak 5) constibrted ktwcen 30 and 51 % dthe total anthocyanin content. In 

geaed, the second most abudant pak was cyanidin 3-malonyIlaminan%ioside (peak 6), 

foiiowd by cyaaidia î-glucoside (pePlr 1) ad cyaaidin 3-laminaribioside (peak 2). The newly 

identifid minor anthocyanins beaks 3,4, 7 and 8) were praent in much laser amounts in al1 

four cultivars relative to peabi 1'2.5, and 6. Contrary to the d t s  by Fossen et al. (1996), no 

piargonidin derivatves were fnind in tbe fau Nosth American red onion cultivars tedeci. The 

presence of peonidin 3-glucoside @eak 4), pmriwly reponed in Xuby' and 'Southport Red 

Globe' red onions by Fuleki (1971)' was cdkned- The total anthocyaain content ranged fiom a 

high of 219 134 mgllOOg dry we@î in 'Rd %one7 to a low of 109 128 mg100 g in 'Mambo' 

red onionS. 

Tabk 39: Relative amomts8 of anthocyanb in d onions. 
Peak# A n h p n m  8 Cultivar 

'Mambo' 'Rai Bcme' 'Rad Gramx' 'Red Jumbo' 
1 Cyn 3%lc 9.4 6.8 12.5 25.4 
2 Cja3& 4.4 17.8 13.6 8.0 
3' Cya 3 4  3"gW 7.3 3.6 5.6 1.2 
4* Pn 3-%c+ 1.1 4.7 6.4 0.8 
5 - 3 4 &  51.4 39.4 30.0 51.2 
6 -3- 10.7 23 -5 19.3 11.8 
7' P n 3 - d g W  3.4 1.7 2.7 1.1 
8* Cyn î.dimallam* 12.2 2.4 9.8 0.5 
Total ammt, 109 f 28 219 *34 162 f 26 - 
(mH100 jg DW) 
B ~ u a p a c e n t a g c d t o g l l m b o s y r n i n s o a ~  
Peak niimbers fctèr to in Fi& 3.5. 
' ncwly idcntined 

Q m  = cyanidin; Pn=6oÇ gk = @d&; hm = hmimiiiosldc; mai = malonyl. 



3.3.6 COiICidoar on the major and minor UIfbocyiaias ia mi onions 

Fam *or and Iw minor anîhocyaninr wme identiûed in aed Jumbo', 'Jhi Gmmc', 

'Red Bane', rad 'Mmibo' mi oniom. Moja rmbocyPninr were identifid as cyanidin 3- 

glucoside, cyanidin 3-Iamir?rniioside, cyanidin 3<~aial0nyl lg~~0~ide)  and cyanidin 346"- 

maionyIl?uninnniiœide), wbik the miwr anthocyaniils were s b w m  to be cyanidin 343"- 

malony1ghacuside), peonidin J - g l ~ ~ d e ,  peonidin 3-inaionylglucoside and cyanidin 3- 

dunalonyllaminaniioside. The presence ofthe major anthqmhs in red onions was confhed, 

and four new minor anthocyanins were identïfied in the red onions fiom North Amerka. 



4.1 lntrod4on 

A mm& dfiidors rfbcet the colav of docyanin solutions. The mort important are 

stnicâus ofthe Bnthocyanin and the pH dthe solution (Bnwillard a d  Dubois, 1977; T'unberlake, 

1980; Maaa aad Miniati, 1993b). The mode1 of Braullard and DeIapote (1977) estdished tbat 

mthocyanins exkt as a mixture of the flavyliwn cation, pseudobase or berniacetal, chalcone and 

cphonoidai base formo at dinerent pH values. Earlier, Asen et ai. (1972) had detennined that 

aathocyanins acnmwlate in the piant ceM vamole where the pH ranges h m  3.5 to 5.5. Since 

most anthocy<inias w d d  be coldess in t h  pH range, mechanisms must be piesent which 

permit the vast anay of colows that exkt in vivo. 

Copigmentation has ken proposed as the major mechankm responsible for the orange 

and red to blue and violet colour diversity in most plants. Copigmentation is a molecular 

interaction thot takes piace between anthocyanin and copigment. A wpigment is a colourless 

molecule on its own in solution, but whai it is added to an anthocyariin solution, t wiil greatly 

enhance the colour (Asen et al., 1972). The copigmentation efféct is characterized by an increase 

in colour intensity (a hypercbromic effd). and a rhift in the wavelength of maximum abmrbance 

to a longer bluer wawlength (a beibochromic sMt) (Asen et d. 1972). The numerous sources of 

copigments range fiam flavoaolr, aIkaioi&, amho acib. organic acids, nucleaides, 

polysaccharides, metais to anthocyanins themselves (Asen et al., 1972). The copigmentation 

phenornenon is influenceâ by the structures of the anthocyanin and copigment, the pH of the 

solution, the wlvent and the tempe- of the solution @&za and BmuiUard, 1987, 1990; 

Brouillard et al., 1989). 



PreMous studics have focPsed on the copigmentation of commerdiy available 

digiucosiûes such as cyanidin 3,Sdigîucoside (cyanin) a d  dvidin 3,5diglucoside (malvin) 

wirb a good capigment such as chiorugcnic acid (hbzza a d  Bmdard, 1990, Bmuülani et al., 

1989). Mat raently, Davies ad M.azza (1993) studied copigmentation of simple and acylated 

antbocyanias wnh different copigments such as chiomgenic a d ,  d e i c  acid, and rutin. In 

addition, tbe capigmentation behaviau of copigments such as purines such as d i n e  have 

recentiy been studied (Dangls and Ewi, 1994; Dangles and Brouillard, 1992). A number o f  

ment reports (Terahara et ai., 199q Andersen and Fossen, 1995; Fossen et al-, 1996) confinned 

the presence of a unique series of cyanidin 3-glycosides in red oaions. NonetheIess, the effects of 

copigmentation with Caaeine and protocatecbuic acid on simple 3-glycosides or those acylated 

with malonic acid have not k e n  invesiigated. 

The copigments chlorogenic acid, p-huic acid and Meine uxd in this study 

were chosen because of their solubiüty in an aqyeous system, availability, and ability to act as a 

copigment @angles and FlbPji, 1994). 'Ihe capigments u#d Plso represented dinerent structural 

classes of molecules. Comrnercially obtained cyanidin 3-glucoside was more cost-effective, 

owing to the expense associateci with purifying large amounts of thu compound. 

Tht pirpose odthis study wu to daermine the copigmentation &kt and stabüity of the 

p w & d  cyanidin 3-glucoside and tbe struchrrauy unique malonyiated cyanidin fglyccwide 

derivatives h m  mi onions with der  phenolics. 



To detennine the copigmentation chacteristics of cyanidin 3-glucoside, 

cyanidin 3-donyl@uccwide and cyanidin 3-malonyllaminan'bioside with 

chlorogeaic acid, pmtocgtcchuic acid, and cafiliine- 

To detcnnine the e&a of the type of glycosyhtion andlor the presence of 

donic acid on copigrne~ta~on. 

To detemine the &'kt of pH on t&e copigmentation of the three anthocyanins 

with three coldess copigments. 

To determine whether the copigments chlomgenic acid, protacatechuic acid and 

&ine intena with cyanidin 3-glucoside, cyaaidin 3aialonylglucoside, and 

cyanidin 3-maionyllaminan'bioside via inter- or intramolecular copigmentatioa 

To detemine the eEiec*r of multiple copigments on anthocyanin copigmentation. 

To assess the photostabiIity of cyanidin 3-glucoside at pH 37, 4.7, and 5.7 

without and with chlorogenic a d ,  pmtoatechuic acid and cafféine in the 

presence and absence oflight over a 35 day period. 

4.2 Materials 

The ortho-pbosphoric acid was pPUCbaSCd h m  BDH Inc. (Toronto, ON) and the sodium 

acetate trihydrate (NaC&Ot.3H20) h m  Malliackrodt (St Louis, MO). Detaiis of the bu&r 

preparation are d i n e d  in Appendix 5. Wmr pdied filtered ushg a MilliQ system (MïiiiPore 

Canada Ltd., Nepean, ON) was used to prepare the phospboric acid and sodium acetate bUner. 

Cyanidin 3-glucoside (bimainm chloride) was pucbpsed from Exûasydése (Genay, France). 

Cyanidin 3-malonylgiuc05ide and cyanidin 3 - m a l o n y ~ b i o s i d e  were p d e d  from red 

onion, AIlium c e p  L. as descnied in the previau section- Chlorogenic acid (34eoylquinic 

acid) and prosocatechuic acid (3,4dïhydroxybenzoic a d )  were purchased fiom Sigma Chemicai 



Co. (S t  Ixniis, Mû). Cbiikine ( I , 3 , 7 )  wsr punhaPed h m  the Fluka Chemie 

AG (Buchs, SwiaaLad). AU pigments and copigmeats wae assayed fot purity on the HPLC 

system daaikd in the previous section. AU chernicals were of reagent grade or b r .  The 

Figure 4.1 : Structures of compounds used in =pigmentation experiment. 



4.2.1 Mdûods 

4.2.1.1 Appur t i is  

Absorpà'on rpecm of the ôuiEred Pidbocyinùi soIutions, with (A) and without (&) 

copigmeat wcre recordeci h m  400 to 700 nm using a Beckman DU640 spectraphotometer 

(Bedmim Instruments (Csaadi) lac., Mjsskmm ON) wmg the wavelength scan software. Tbe 

spectmpmeter was aiso Mted with Tridimuus colo~imetq sof€ware h m  Beckman (CoIour 

Detamiirction and Uatchia8 (CIE, BOS)). The mette was a standad 1 cm2 qmtz cuvette with 

a glass jadret on its opaque sides tbat aüowed for temperature coatrol of the solution Cuvette 

tempenane was cuntrolied at 200<a)R1°C by a recirnilatiog water bath (Mode1 1166, VWR 

Scientific Caaada La, London, ON). A cuvette stir bar was used for mkhg,  A custom fitted 

cuvette holder containhg a magnetic stimog device (The Chernical Co., Cleveland, OH) driven 

by compressecl air was used to spin the stir bar. The pH was measund using a Fisher Accumet 

pH meter 25 and a Fisher Accu.pikrt microprobe combination glass eledmde Visher Scientific, 

Nepean, ON). A standad non-jacketed quartz cuvette was used to hold the blank solution. 

The concentration of the b a r s  wsr 0.06 M oghosphoric acid and 0.2 M sodium 

a m .  Stock solutions of anthocyanïns (cyanidin 3-glucoside, cyanidin 3-malonylglucoside, 

a d  cyanidin 3 - m a l o n y ~ i i o s i d e )  were pnparrd by diss01ving all of the pigment necessaty 

for a series of experùnents (1 anthocyaah x 3 copigrnents x 3 pH values) in the minimum amount 

of phosphoric acïd b&er to be useci. At least 0.2 mL of phosphonc acid was needed for each 

individuai experiment; therefore, this defined the minimum amount used (0.2 mL x 9 solutions 

and at least 0.2 mC of excas in case an experiment had to be repeated). The ratios ofphosphoric 

acid and sodium b u &  nxpired O obgin the pH values of 3.7, 4.7, ad 5.7 are detaiied in 

Appendix 2. A 5 a l  anthocyanin concedon  of 1.29 x 104 M, at a pH d u e  close to the 

desireâ pH was obtained once the two buffets and stock were mixed in the appropriate amounts. 
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The solution wm aiiowed to mix in the duk in the spectropbabometer at ZO°C Tor 30-45 minutes 

prior to the start of crrperimcngtioa 

To deaimiiie the etpigmentation e f h t ,  tbe absaibonce values without (AJ and with (A) 

c o p i ~  wme recorded at 525 mn After do- tbe aIltbocyanb sotution to mix for 3045 

minutes, thepHofthe soluthnwas adjustedbypipettuig a b  pL of5 M H C l a 5  MNaOH ùito 

the CU* to abPin tbe dancd pK The spectropho~ometer wu then z e d  with the non- 

jacketed standard quartz cuvette fUed with tôe same b u f k  solution used in the experiment minus 

the pigment The cuvette containing the aathocyanin solution was replaced in the holder and the 

temperature was d o w d  to stabilize before the initial Tristimulus meamrements (CIE L*a*b* 

76) and initial absorbane (&) values were cead. After feconiing the spectrum of the 

anthocyanin solution, a preweighed amount of copigman (chiorogenic acid, prot~catechuic acid 

or cafféine) was addeci. After 15 minutes of stîning, the pH of the solution was measured, 

adj& accordingly and then the spectnun of the anthocyanin with the copigment was recorded 

to detennine itc absorbane with the added copigment at 525 am (A). Pigment to copigment 

ratios (P:CP) of 1:s (CP cmcentration = 6.45 x 104 M), 1: 10 (1.29 x loJ M), 1:15 (1.94 x 10-~ 

M), 120 (2.58 x l ~ - ~  M), 1 :5O (6.45 x 10J M), 11100 (129 x loJ M), 1:150 (1 94  x 1r2 M), 1~200 

(258 x 105M), 1250 (323 x l@M), 1:3ûû (3.87 x ~o-~M'), 1:350 (4.52 x 1w2 M)and M)imd:400 (CP 

concentration = 5.16 x 105 M) were used in the experiment. Spectra wae obtained for all these 

concentrations; however, the Tristimulus measurements were taken at 1:0, 1:200 and 1:400 

pigmenî : copigment molar ratios. The Tristimulus measwements were only read at 

concentrations of 1:0, 1:200, ad 1:400 since these wcte the initial solution colour, at haif the 

final pigment : copigment concentration, and final solution colour. The L*, a*, b* values would 

provide another way of descriiing the colour changes with increasing amount of added 

copigrnent. 



I b c ~ ' b n u m ~ ~ ~ ) d ~ u s i n g t b c p ~ w e d b y B f O U i l l a r d e t  

al. (1989). h orderto daermine K, the ri vaiuc was first detetmiaed- The r[ vdue is a ratio of the 

absorbaaicc at 525 nm without oopigmcnt (Ao) over the aôsorbaace a 525 nm fbr the solution 

wah an QKCCSS amount ofcopigment (A). 
A 

fi =- 
A, 

Fkt,  a 50 pL aiiquot of the 0righ.l stock solution of anihocyrnin was diluted in 0.2 M HCl. A 

known concentration of adocyanin was dissolved in O 2  M HCI to obtain a nnal concentration 

of 6.45 x 104 M ancl the initial absorbce at 525 nm (A,,) was nad Once the copigment was 

added, the absotbance at 525 nm was read (A) and then the next amount of copigment was added. 

The mount of copigment was ~o~sidered excessive when additional amounts would no longer 

dissoive, causing twbidity. The s was calculated for each concentration of added copigment, 

whkh was used to caiculafe K. nie K values wer: avetaged for each pigment : copigment 

combination and the main K was determineci h m  the average K values at the three different pHs. 

4.2.1.3 Mdtipk copigmentatîon upcrfneots 

For the muitiple copigmentatioa experiments, the same apparatus and mdhodology were 

used as with the prrvious eopigmeDtation Cxperunents. For these exptriments, the CEyanidin 3- 

glucoside solution (1.29 x 104 M) wac pcpPnd h m  the stock solution at a pH of 4.7. A pH of 

4.7 was used since it gave the greatest increase in absorbante upon addition of copigment. Two 

acp.Weetr wcre conductecl 'Lbc &st eqmbent involved the addition of chlorogeaic acid and 

d e l l i e  successively at pigment : copigment m o k  ratios of 150, 1:5:5, 1:10:5, 1:10:10, 

1:25:10, 1:25:25, 15050, 1:100:50, 1:lûû:lûû. The second cxpaiment invoLvcd the addition of 

chiorogenic acid, de ine  and protocatecbuic acid successively at pigment : copigment ratios of 
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1: 10:0:0, 1:10:10:0, 1:10:10:10, 125:10:10, 1-25:25:10, 1:2325:25, 1:5025:25, 1:50:50:25, 

1:50:5O:SO, 1:100:5050, 1:100:100:50, 1:100:100:1ûû, 1200:100:100, 1200:200: 100, 

1:2~200.20000 'Lhe data was aamiyzed ushg the eopigmenfation mode1 as in the previous 

B- 1981). 

4.2.1.4 CJaur rtibiiity of cyanidin 3-ghtcosi&:copigment complexes rt 20°C in tbe 

pnrcacc and absence of îight 

An adetpak amount of cydnidin 3-glucoside stock solution was prepared for a set of 

controIs at pH 3.7, 4.7, and 5.7 and tbe three pH solutions with the three Merent copigrnents 

(chIomgeaic &ci, pratocatechuic aciâ, and ca&me) for a total of twelve di&rent solutions. This 

set of twclve solutions was Qubled s i i r e  the efka of light on the colour stabiiity were to be 

studied over 35 days. A set of twelve ~lutioas was storeci in the presence of light and another 

twelve solutions were storeci in the absence of1ight in a box iined with aluminium foi1 to prwent 

Lighî h m  entering. The solutions were mixed and stond iu 4 mL HPLC sample viais. All vials 

were stod in a ConViron chamber (Cootroiled Environments Ltd., Winai-peg, MB). The 

chamber tempaaaue was maintained as close as possible to 20°C. AU fluorescent and 

incandescent lights were on antinuously for tbc 35 dry pend to mimic the intensity of oahiral 

Iïght as much as possible. Samples exposeci to iigbt were placed on a table 12 m fiom the lights 

on a white sheet ofpapcr set at 300 angle. The sampla, which were kcpt in the dark, were placed 

in a plastic container and stored inside a d canboad box beside the Iight exposed samples. 

Appmximately every 5 days over a 35 day period, the pI& absrbance at 525 nm, spectm and CIE 

L*a*b* Tristllaulw measurements werc takm to detennine how stable each anthocyanin : 

copigment soIution was, b e d  on colour and visual appearance. At the same the ,  the üght 

intellsity was m d  ushg a LI-1600 stady state pommeter with a LI-190s-1 quantum seruor 

(LiChor Inc., Lincoln, NE). The LI-COR ~uantum sensor measmes photosynthetically active 



d b t i o a  in the 400-700 mu w ~ b a a d  in micmmo1es pa scpiue meter per second (pml m" 8, 

w b  1 pnoi s-' = 1 pE m" 5' = 6.023 x 1p photom). Solutions were nmoved h m  the 

pria to ad@ and tbai replaced as m a  as the a d p i s  wu done. Sîabiaty readings wne 

detenniDcd u the ratio of absorbaace at 525 nm at day X relative to the initial absorbance at 525 

nm oa &y O a d  d e d  reiative absorbaace. 

The change in CIE L8, a*, and b* values, absorbce at 525 nm, and wavelength of maximum 

absorbaaœ (A-) were monitored for aü samples over the 35 day period* 

AU data were tabuiated, graphed anci d y d  ushg Microsoft Exce197 (Micf~~oft Inc., 

Redmonid. WA). The CIE L*a*be wlour spua~s  were created us- Adobe Photoshop Version 

4.0 (Adobe Systems Inc., Mountain View, CA). 

4.3 Results 

4.3.1 hfiuencc of rnthocy~ia structure 

When a copigment is added to an docyanin solution, it d l  cbange the colour of the 

solution ad iocrease the colau mtensity depending on the pH of the solution. The increase in 

colour intensity is known as a hyperchromic SM and the shift in wavelengths of maximum 

absorbaaGe towards a longer wavelength h calleci a baîhochromic shift. 'Ibe spectra ad spectral 

sbifts tht takc place whm increasiag a m c ~ m  ohpigment are added to an anthocyanin solution 

are illusepted in Fi- 4.2, 4.3 ad 4.4. Fi- 4.2 are the spectnl scans of cyanidin 3- 

glucoside at pH 3.7, 4.7 and 5.7 without copigrnent and when capigmented with increasing 
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amounts ofcblomgenic acid F i  4.3 rid Figures 4.4 are the tpectd scans of cyanidin 3- 

glucoside at pH 3.7,4.7 rad 5.7 c o p i g m d  with pmtocatehuic acid and de ine ,  respectivelyy 

lac spm8ra for cyanidin i-giumsidc with the di&iesa oopigmenîs illustnite a generai hcrease in 

abaabriioc at pH 3.7.4.7 a d  5.7. The spectra d cyanidin 3-donyl~ucoside and cyanidin 3- 

malonyIisminariiiiosicfe ghiited spccm s;miiJit to &ose of cyanidin 3@1coside. The degree of 

copipentation was dependent upon the stnrcture of the anthocyania, a d  copigment anci the pH. 

'Lhse thcc faCrors wem aiialyzed separately by combining the data h m  the different sets of 

experiments and then comparing the change in absotbance at 525 nm with added copigment (A) 

to the original absorbance at 525 nm without copigment (A& When the change in abmrbance 

(A-&/&) was ploaed as a fiinbion of copigment concentration, the &ect of increasing 

copigment concentration on colour wss detetmitled. in addition, the change in absorbarice was 

then used to compare the @éct of pigment and copigment stnictwe and pH- 

Figures 4.5 üiustrate the absotbance change at 525 nm for cyanidin 3-@ucoside, cyanidin 

3-maIonylglucoside and cyamidin 3-maionyllaminan'bioside at pH 3.7, 4.7 and 5.7 respectively, 

with increasjng cmcentraîion of chiomgenic izgd Figures 4.6 ilimtrates the absorbance change 

for three anthocyanins copigmented with pratacatechuic acid and Figuies 4.7 for the three 

anthocyaDiar ccpigmented with deine. In Figures 4.5, 4.q and 4.7, cyanidin 3-giucoside 

g e n d y  bad the kgest absorbance change when one compares it to the two maionylated 

mthocyahs. Hawever, the Merence in absorbance change between the three pigments was 

never very large. 
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4.2: S p t d  scans of  @idiii 3-glucoside (1.29 x 104 M) with incteasing 
~mounts of chlomgcnic acid (P:CP = 1:0, l:SOy 1: 100,1:2ûû, 1:30Oy1 AOO) at pH 3 -7 (top), 
4.7 (middle) and 5.7 @ottom). 
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Figure 43: Spccûai scans of eymidin Eglueoride (1.29 x 104 M) with increasiiig 
amoimo of pmtocatduic acid (P:CP = 1:0,1:50,1: 100, 1200,1:300, 1:400) at 
pH 3.7 (top), 4.7 (midde) and 5.7 (batom). 
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Figure 4.4: Spectral sans of cyanidin 3-girmcoside (1.29 x 104 M) with increasing 
arnamts of CanCine (P:- = l:O, 150,l: 100,1:200, 1:300, 1:400) at pH 3.7 (top), 
4.7 (middk) and 5.7 (bottom). 
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Figure 4.5: Aborbance change at 525 nm fa cyanidin 3 ~ ~ i d e  (129 x 104 M) (O). cyanidin 3- 
d o i l y l g l d d e  O, md cyanidin 3-maloayIliuninaniosi& (O) with increasiag amounts o f  
chlorogenicacid(P:CP= 1:O. 1:5,1:10, 1:15,130, 1:50,1:1100. I:1SO, 1:2ûû,1:250.1:300,1:350, 
1:400) at pH 3.7 (top), 4.7 (middle) and 5.7 (bottan). 
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FllprC 4.k .L: change at 525 nm fm cyanidin f -gi-& (1.29 x lo4 M) (O), cyanidin 3- 
maiorryigiUC65ide 0, andcyaaidùi 3~0nyIluninritiii~de (O) with mnasing amournts of 
protocatechuic acid (P:CP = 1:0, 15, 1:10, 1:15, 120, 150, 1:100,1:150,1:200.1:250, 1:300, 1 :3SO, 
1:400) at pH3.7 (top), 4.7 (middie) and 5.7 (bottom). 
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F m  4.7: Absorbame Ehngs at 525 nm f a  cyanidin 3-gluccmi& (129 x 104 M) (O), cyanidin 3- 
malonyl$lucoSi& @). and @din 3-donyIlaminriribiosi& (O) with iaacasing am~u~lts of d i e  
@:CP = 1:0,1:5.1:10, I:IS, 120.1:50, 1:100, l:IM, 1:200.1:250,1:300.1:350.1:400) at pH 3.7 (top), 
4.7 (miàdle) and 5.7 (bottom). 



Tibk 4.1: Muence of pigment and copigmenî structure on absorbaaw increase at the P:CP 
ratio of 1:400 and pH 3.7,4-7 and 5.7. 

mi- pH (A-AoYAoat T ~ o f  Equaîion of line 

acid 4.7 2.02 l h m ~  y = 38.67~ - 0.04 

3-malonylglucoside acid 4-7 5-28 linear y =  103.51x+ 0.38 

acid 4.7 1-66 lincar y = 30.41~ + 0.06 

3-malonyUamhri- acid 4-7 5.56 linear y = 113.54~ + 0.30 

acid 4-7 1.60 lincar y=  3 1.04~-0.05 



Tables 4.1 sunmiaiua information in Figures 4.5, 4.6, and 4.7. When cornparkg the 

three pigments with three copigments at three diftirmt pH values, it is evident that there are 

similar hcrmscs in qigmenta!ion amongst the tbree rnthocyrnins, cyanidin î-glucoside, 

cyanidin 3-donyIgIuc~side and cylnidm 3 b i s l o n y ~ ' b i o s i d e .  Figures 4.5, 4.6, and 4.7 

illutrate that den each Pllthocyanin is copigrnented With a copigrnent at a certain pH, there is a 

similar p*ian of absorbance change. M tiuee anthacyanins bebaved simïiarly when combined 

with the same copigment at the same pH. For example, cyanidin 3glucoside, cyanidin 3- 

rnalonylglucaside, and cyanidin 3-nialonyIlaminaniioside aii had linear absorbante increases up 

to a pigment : copigment ratio of 1:400 for pH 3.7, 4.7 and 5.7 (see Figure 4.6). When 

copigmented with d e h e  up to a pigment : oopigment ratio of 1:400 at the same three pH 

values, cyanidin 3-glucoside, cyanidin 3-malonylglucoside, and cyanidin 3- 

maionyIlaminari'bioside al1 exhibited a plateau in the absorbance increase (Figure 4.7). Figure 4.5 

iuusttates that at pH 3.7, the increase in absorbance of& three anthocyanins with the addition of 

increasing amounts of chlorogenic acid was inibiaily rapid. However, at concentrations of 

chlorogenic acid above appmximately 00025 M (1:20), absorbance values increascd more 

slowiy, to genaate a airve with an absotbance plateau at 1:400 (Figure 4.5a). At pH 4.7 and 5.7, 

the addition of chlorogenic acid causeci the absorbana of the solution to increase in a linear 

fâshion at ail copigrnent concentratiolls tested Figures 4.5.4.6, and 4.7 and Table 4.1 illustrate 

that each of the three copigrnents evaluated causeci a gnam increase in absorbance when added 

to cyanidin Sglucoside than when the copigments were added to either cyanidin 3- 

maionylgluwside or cyanidin 3-~naionyIlamiaan'bioside. m e r ,  the abrorbance increase with 

cyanidin 3-glucoside was oniy slightly bigher t h  that observed witb the other two anthocyanins 

teste& For acample, cyanidin 3-glucoside, d e n  copigmented witb chlorogenic acid at pH 3.7, 

4.7, aud 5.7, always bad a higher absorbance increase than cyanidin 3-malonylglucoside and 
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cyanidin 3-malonyllamiaan'bioside. The same trend held m e  for copigmentation with caffeine at 

pH 3.7 and 5.7. At pH 4-7 and wïth deine,  the absocbance increase between cyanidin 3- 

glucoside and cyanidin 3-donylgiucoside was virhially identical (Figure 4 3 ) -  The 

eopigmcntation with pmmcatechuic acid up O 1:400 P pH values 3.7, 4.7 and 5.7 resulted in 

minor diBcrrnas between the three anthocyanins, reiative to the d e r  copigments used (Figure 

4.6). 

Generally, tbe &est absorbance increase took place with cyanidin 3-glucoside with all 

copigments. ITbe absorbana of cyanidin 3-malonylglucoside solutions increased less and 

absorbance of cyanidin 3-malonyllamiiiani.ioside solutions increased the Ieast. Trisbimulus 

colour measurements also revealed M e  Merence in the colour between the three anthocyaaias 

befbre and a& copigment bad been added to the solution at of 1:200 (2.58 x lu2 M) and 

1:400 (5.16 x M) (Figures 4.8,4.9,4.10). The original CIE L*a*bL values and hue angle are 

listeci in Tables 4.2,4.3, and 4.4. 



Figure 4.8: CIE L*a*b* d u e s  for cyanidln i-glucoside at pH 3.7, 4.7, and 5.7 with no 
copigment (1:O) and increasing amounts of copigment (1:200, 1:400) dilorogenic acd, 
protocatechuic acid and d e i n e .  



Cyanidin 3glucoside 

chlorogenic protocatechuic caffeine 
acid 

PH::. . . 



Tabk 4.2: CIE L*a*b8 values fm cyanidin B-giucoside at pH 3.7, 4.7, and 5.7 with no 
capipent (1:O) and iasrcoODg amouats of copigment (1200, 1:400) chlomgenic acid, 
D-c acid and caffeine. 

Huc angle (0) 8.6 13.9 -10.1 
L* 52-7 62.0 55.0 

1:4ûû a* 71.1 63.3 62.2 
b* 11.5 21.8 -16.0 
Hue angle (8) 9.2 19-0 -14.4 

4-7 L* 91-7 9 1.6 91.7 
1:O a* 12-8 12.2 12.3 

b * 0.5 0 2  -0.2 
Hue angie (8) 22 0.9 10.9 
L* 64.4 85.6 71.2 

Huc angle (8) -7.6 8.3 -26.8 
L* 54.0 78.8 64.5 

Hue angle (O) -2.3 -19.3 -8.8 
L* 72.0 89.0 71.7 

Hue angïe (8) -10-9 293 -35.9 
L* 59.2 86-0 64.9 

Hue an@e (0) -10.4 41.3 -39.3 
L, O - 100 blsclr to white; +a, rcd, -a, gicca; +b, yeiiow, -b, blue; Huc agie (8). tan' @*la*). 



Figure 43: CIE L*a*b* d u e s  for cyaniidin 3-malonylglucoside at pH 3.7,4.7, and 5.7 with no 
copigment (1:O) and increasing amounts of copigmeat (1200, 1:400) chlomgenic acid, 
pmtoaa&huic acid and cafEeine. 



Cyanidin Smalonylglucoside 

ac fd acid 



Tabk 4.3: CIE L*a*b8 d u e s  nK cyaaidin 3-malonylglucoWde at pH 3.7,4.7, and 5.7 with no 
copigment (1:O) and increasing amam& of copigment (120, 1:400) chlomgenic acid, 

Hue angle (8) 17.3 15.0 13.0 
L* 54.5 65.5 57.9 

Hue angie (8) 5.2 19.0 13.9 
4.7 L* 90.6 90.3 91.7 

Hue angie (8) -1.6 4.9 0.4 
L* 60.5 83 -7 7 1.1 

Hue anMe (8) -9.2 7.8 -26.4 
L* 54.5 77.3 64.8 

1:4Oû a* 59.8 30.4 37.8 
b* -5.1 S. 1 -20.8 
Hue a n a  (0) 4.9 9.5 -28.8 

5.7 L* 90.7 91.2 91.3 
1:O a* 7.6 7.5 8.2 

b* -2.2 -2.3 -2.0 
Hue anple (9) -16.1 -17.0 -13 -7 
L* 71.3 88.9 71.5 

1:4ûû a* 3 1.5 9.5 25.4 
b* -8.1 10.3 -20.9 
Huc angle (8) -14.4 47.3 39.4 

L, O - lûû b&ck to white; +a, reâ, -a, +b, ydlow, 4, blu+ Hue ang!e (e), tad @*/a*). 



F i p e  4.10: CIE L*a8b* values for cyanidin 3-maionyllamina~ibioside at pH 3 -7, 4.7, and 5.7 
with no copigment (1:O) and haeasing amomts of copigment (1200, 1:400) chiorogenic acid, 
protoca&xhuic acid ancl deine .  
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Tabk 4.4: CIE L*a*b8 values fbr cyanidin 3-malonyihimuiiioside at pH 3 -7, 4.7, and 5-7 
wïîh no ccipigmtnt (1:O) aud inmashg anouatr of copigment (1200, 1:400) chlomgenic acid, 
protocatcchPic acid a d  deine.  
pH R ' ~ : C o p i g m a ~  Chlorogcnic Protocatechriic acid Caneine 

12ûû a* 67.4 55.8 57.9 
b* 6.5 16.4 -7.7 
Huc angle (8) 5.5 16.4 -7.6 
L* 55.3 63.6 57.8 

1:400 a* 68.6 61.9 60.1 
b* 7.2 21.0 -13 -4 
Hut angle (8) 6.0 18.7 -12.6 

4.7 L* 90.8 91.1 91.0 
1:O a* 13.4 13.0 13-0 

b* 4.0 4.0 4.0 

Hue angie (8) -6.3 19.6 -20.5 
L* 56.6 79.3 68.4 

Hue agie (8) 4.5 18.8 -25.6 
5.7 L* 91.1 92.6 90.4 

1:O a* 9.6 8.8 9.2 
b* 3.3 3.7 3.1 
Hue angle (9) 19.0 22.8 18.6 
L* 7 1.2 90.2 74.0 

BW ande (8) -7.5 51.9 -32.5 
L. O - 100 biack O white; nQ 4 green; +b, yeîîow, 4. bluc; Hue angle (O), tari' (b8/a*). 



4.3.2 I~ut .nc t .  of copigment structure 

A good copigment augments the colour of the anîhocyanlli solution and causes batho- 

and hyperchrornic shi& in the qmtmm at miIdiy acidic a ncutnl pH values. 7he 

copigmenîation c&d ofchlorogenic aciâ, pmtoaiechuic acid and caffeine at pH values of 3.7, 

4.7 aad 5.7 with cyanidin 3-glucoside is iîîumated in Figures 4.2 through 4.4. The e&ct of 

copigrnentation with Oit t&ee oopigments evaîuated was similar for the d e r  pigments cyanidin 

3-malonylglucoside and cyaaidin 3-maionyllunuwioside~ The type of copigment had a 

signincant &kct on copigmedation with the antbocyanin at the three pH values u s d  From 

Figures 4.5 to 4.7 and Table 4.5, it is evident that genedy, chlorogenic acid resulted in the 

largest aborbance krease with each ofthe anthocyanias evaluated. The copigmentation ened 

was l a s  with d e i n e ,  while protocatechuic acid was found to be a poor copigmea 'Ihe 

relationship between absorbance change and concentration of copigment (te., liaear or plateau) 

for a given anthocyanin depended on the copigment and the pH of the solution. Protocatechuic 

acid caused absorbance values to iacrease in a iinear mannet at al1 pH values tested, while 

absorbanœ vahies pkeaued when d e i n e  was added to anthocyania solution, rcgardless of pH. 

In the case of chlomgenic acid, a ünear increase in absorbance was observed at pH values of 4.7 

and 5.7; however, the increase piateaued when the solutions were mbtahed at pH 3.7. 

The C n i  of the copigment on the absotbance of anthocyanllr solutions depeads on the 

pH as well as the pnsence or absence of maionic acid substitution on the cyanidin molecule. For 

d e i n e  and chlomgenic acid, the largest increases in absorbante were observed at pH 4.7 and 

5.7, with the Ieast copigmentation &ect at pH 3.7. Pmtacatechuic acid causeà the absorbance to 

incraioc more at pH 4.7 Wowed by pH 3.7, and W I y  pH 5.7. 
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Iae observed co lw of the solution was markedly affected by the type of copigment 

a d d d  Figutes 4.8 to 4.10 illustrate the CIE L*a*be colours for the three aiabocyanin, copigrnent 

aimd pH combinasions based on the CIE LWb* values in Tables 42-4.4. Table 4.6 lists the 

obsawd d o u r  with the dinient cyanidin 3-glucoside, copigment and pH combiaations. The 

most strikïng colour changes were brou@ about by shlorogenic acid and d e i n e  whiie 

prolocntocbuic acid was not as noticeable. Iintially, the amhocyanin solutions were reddish 

orange, pi& and fabt pi& at pH 3.7, 4.7 and 5.7, respectively. When chlorogenic acid was 

added, the final solution (1:400 pigment : copigment) was magenta at pH 3.7 and pale 

redfmagenta at pH 4.7. Addition of protocatechuic acïd to pH 3.7 and 4.7 solutions d t e d  in 

red and tan yeliow colours. Caffeine changed the colour of pH 3.7 and 4.7 solutions to fûschia 

and purplish, respectively. At pH 5.7, aii solutions bad faint pirpk colours Figures 4.8 to 4.10, 

Table 4.10). 



Thie  45: Muence of copipent aud pigment structure oa the absorbante increase at the P:CP 

P:CP 1:m inCrCsse 
Cblorogeaic 3.7 Cyn3=jjlc^ 2.24 logaritbmic y = 0.54 ln x + 3 -79 
acid Qn3dglcb 1-32 Ioguitbniic y=0.29Inx+2.17 

acid -3-dglc 1-44 Iincar y = 29.77~ + 0.04 

cyn3-mallani 2.21 quadratic y = 654.682 + 75.05~ + 0.03 
Note; cyn3glca, cyanidin 3-gIucoside; cyn3malglcb, cyanidin ilaplonylgiumside; cyn3mallatnC, 

TIbk 4.6: Observed colour of cyanidin 3-giucoside solutions. 
Copigmtas Ratio @:CP) Solution colout 

Cblorogenic acid 1:O readisboxangc pi& raintpink 

Protocatcchiiicacid 1:O teddishoraagc pink fàintpiak 

1:400 tdd tan yeiiow tan ydlow 

Caffcine 1:O rtrldisbor~dge pink faurS pi& 
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4.3 J Influence of pH 

'Lbae was a différence in the wnnlength of maximum absorbaace (A-) between the 

t h e  pigments at the dinaait pH d u e s  used (Tables 4.7 - 4.9). At pH 3.7. there was no 

signiticant MCI~CIIC~ in the X, of the thme pigments (P = 0.32). At pH 4.7 and 5.7, there was a 

significant différence in the A, of the tbree pigments (P a 0.05). Cyanidin 3- 

m a l o n y ~ I b i o s i d e  gaeraiiy had a sIightîy lower X, tban did -din 3-giucoside and 3- 

malonylglucoside. The same trend was obsemd at pH 5.7 except diat the pend was more 

evident colourwise and spectrophotometridy in the spectral scans (Figure 4.6,4.11,4-12,4.13, 

4.14). The A, d u e s  did not change much with the antbocyanb structure, but the average 

abaorbance at A, Mered for equimolar con cent ratio^^^ of anthocyanins. The solutions at pH 

3.7 had the most intense colours, which fàded as the pH was increased to 4.7 and 5.7. Al1 

pigments dispiayed bathocbrornic and hyperctuomic sbifts in the presence of copigment (Figure 

4.24.4). The batbochromic sbitts induccd by the copigment concentrations aad the pH are 

tabulated in Tables 4.7 - 4.9. In geaeial, as P:CP increased, a hyperchromic shift took place. The 

absorbance increase initinlly at l m  copigmcnt a m o m  was d y  large. Whereas when larger 

copigmeat am- were added, the absorbance Urcrease was no longer proportional. This 

r d t e d  in an absorbance plateau where addition of copigment no longer redted in a sipifiarit 

absorbance increase. The correspondhg fitîed c q u a t i o ~ ~ ~  were eithet loganthmc or polynomial in 

nature (Table 4.5) a d  îhere wu a plrteau increase since the absotbance change leveled off after a 

while. lnis phenornenon took place with chlomgenic acid at pH 3.7, and d e i n e  at pH 3.7,4.7, 

and 5.7 UdIe 4.1,4.7 - 4.9). 'Ihis was indicative of a high initial absorbance at 525 nm due ta 

pH sometimes. On the d e r  hid, sometimes the addition of copigment at various pH's resulted 

in a slow but steady absotbance increase. The absocbance change was referred to as a linear 

increase since the change fi- a îinear regression m o n  uable 4.5). This happened with 
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chiorogenic acid at pH 4.7 and 5.7 lad protocatechuic acid at ail pH's. This indicates that these 

oopigments and pH had a COllSjllllous hypcrchromic shift taking place d t i n g  in an 

intensification ofthe colair, appeabg or dhawise n a  lhese changes are due to the pH and 

qigment stnrcture. 



1:400 5363 24.6 539-2 22.8 546.4 18.5 

Protocatcchuicacid 1:O 511.4 NIA 515.4 NIA 530.2 NIA 

1:400 524.0 12.6 524.5 9.1 525.6 -4.6 

CaEeine 1:O 511.3 NIA 516.7 N/A 530.6 NIA 

1:400 538.6 27.3 548.6 31.9 552.2 21.6 

* (P:CP), pigment O copigmcnt ratio; NA, a# ppplicabiq " rbift caicuiaîed h m  A- of 1:O. 



Tabk 4.8: E&a dcopigmea~ concentdon and solution pH on absorbame maxima (A-) for 
cyaaidin a-mal~n~l~~&&~ 

c@mnciir.(CP) &Nb A,- at Shift k a t  Shift L a t  Shift 
@s)* p H 3 3  (4 pH4.7 (am)' pHS.7 (mld 

C h t w a c i d  1:O 5103 NIA 518.6 N/A 532.5 M A  

1:20 na na 520.2 1 4  532.4 -0.1 

1:lO 528.5 18.2 531.6 13.0 540.9 8.4 

1:20 532.7 22-4 535.8 17.2 543.7 11-2 

1:4Q 537.7 27.4 539.5 20.9 5462 13.7 

Protocatechuicacid 1:O 511.5 N/A 516.3 NIA 532.4 N A  

1:20 512.4 0.9 518.8 2.5 528.9 -3.5 

1:10 516.4 4.9 517-7 1.4 529.2 -3.2 

1 :20 519.5 8.0 521.3 5.0 527.7 -4.7 

1:40 523.2 11.7 524.2 7.9 526.4 -6.0 

CafEeine 1:O 511.5 N/A 518.6 NIA 532.8 N/A 

1:20 514-7 3.2 520.8 2.2 536.0 3 2  

1110 524-0 12.5 537.2 18.6 547.6 14.8 

1:20 531-7 20.2 5432 24.6 551.9 19.1 

1:400 536.3 24.8 547.4 28.8 552.1 19.3 

(P:CP), pigment to copigment ratio; NIA, not applicable; na, mtt &le; a sbift caicuiaîed calcnlatcdrn & of 
1:o. 



Tabk 43: Efféct of copigment commtration and solution pH on absocbance maxima (A-) for 
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Figirc 4.11: Spctral ~anr of cyanidin 3 - @ d d e  (top), cyanidin 3-malonylglucoside (middle) and 
cyanidin 3-donylhmhmi'bioside (bottom) (139 x 104 M cach) at pE 3.7,4.7 and 5.7 in NaOAc - 
H a  bunér. 



cyanidin 3-rnalonylglucoside 
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-te 452: Copigmmtation scans of cyanidin 3-giucoside (top), cyanidin 3-donyl- 
g l d d c  (middle) and cyanidin 3-malonyUaminari%iosi& (bottom) with addition of 
chlomgmic acid at pH 3.7. 



cyanidin 3-malonylglucoside 

cyanidin 3-malony llaminariobioside 

Figure 4J3: Copigmaitatim scans of cyanidin 3-giucoside (top), cyanidin 3-rnalonyl- 
glucoside (middle) and cyanidin 3-malonyiiaminaniioside (bottom) with addition of 
protocatechuic acid at pH 4.7. 
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Figure 4.14: Copigtncntlition sans of cyanidin 3-glucoside (top), cyanidin 3-1mionyl- 
glucosi& (rniddle) ad eymidin 3-malonyUaminafi%iosi& (bottom) with addition of 
caffeinc at pH 5.7. 



Tabk 4.10: Spectral cha&&ics oftbree a d m q m b  at 129 x 104 M at pH 3.7,4.7, d 
5 -7- 

Values shown mdicate man i stpidard devisboq Cyn 3-g1ca. cyanidin îglucoside; Cyn 3- 
mal@cb, cyanidin 3-malonylgiucoside; Cyn 3-maUamt, cyanidin 3-malonyIlaminan'bioside; (n)*, 

4.3.4 Stoichiometric constant, n (copigmcntation wchmism) 

The stoichiometric constant (n) was detezmjlled h m  the linear relationship between in 

[CPO] and In ((A-&)/&) for each anthocyanin, copigment and pH experïment. The n value 

which is the slope of the Iine obtained h m  ünear regression d y s i s  of the data, descnies the 

degree of association ôetween cupigment and pigment under the particular experïmental 

conditions. The n value also is an indicator of how many copigment molecules aid in stabilising 

an anthocyanin molecule. An n value of 1 or close to uniry is indicative of a L A  association 

h e e n  pigment and eopigment. The cffcct of the stoichiometric CO- n, on pigment 

structure, copigrnent structure and pH was examined. 

4.3.4.1 Effect of pigment structure 

Figures 4.15.4.16, and 4.17 depid the hear relatiomhips between In ((A&)/&) and in 

[CP]o h m  which the n values were calculateci. The n values h m  these Iinear ecpations are 
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tabula#l in Table 4.1 1. O m d y ,  JI îhree anthocyanins had similar n values regarâiess of pH 

or copigment  don. niU bdiatcd tbat the pnsence of maionic acid and the longer 

laminaniioside su- molede had no significant influence on the degree of association between 

anthocyanin and ccpigmemt. F m  the two sets of copigmentation experiments done with 

cyanidin 3glucoside. one can note the range in n values d e r  the difEerent conditions. 

Cblorogenic at5d rcailted in a low n vaiue of 0.684.69 at pH 3.7 and the n value iacrrascd to 

greater than 1 at pH 4.7 a d  5.7. The n value fot pmtmatechuic acid was close to 1 at pH 3.7 and 

4.7 yet incceased to 1.58 at pH 5.7. Men d i n e  was the copigment, a low n value of 0.68 was 

determineci at pH 3.7 and at pH 4.7, it was approxhately 0.8. One exception was cyanidin 3- 

glucoside with pmtocatechuic acid The n value of 3.1 is high since not aii &ta points (15 to 

1:20) were used for the linear regression since these amounts of copigment decreasd the 

absorbante causing a negative absobance value change, which preduded conversion of these 

data points to iuhrral log dues. The n value was taken h m  the data which was plotted using 

the pigment : copigment ratios of 150 to 1:400. Thus, the eqyation that was obtauied bad a 

higher n value relative to the others. When the tbree aathocyanins were compared, the n values 

were usualiy close. The exception was cyanidin 3-mabnylglucoride with chlorogenic acid at pH 

3 -7.4.7 a d  5.7. In this case, the n value was 1045% lower than for cyanidin 3-glucoside and 

cyanidin 3-malonyllamiaan'bioside. At a pH of 3.7, the n values for the thRe anthocyanim 

rangeci hm0.55 to 0.69 and at pH4.7 ad 5.7, the n dues were h m  0.85 to 1.05. At ali pH 

values of 3.7,4.7 a d  5.7 for chiorogenic a d ,  the n values for cyanidin 3-malonylglucoside and 

cyanidin 3-malonyllaminaribioside wea Iower by 0.1 d e n  comparecl to those for cyanidin 3- 

glucoside and in the presence ofchlorogenic acià 



Tabk 4.11: Influence of anthocyanin, copigment and pH on the stoichiometric constant (n) of 



Fiprc 4.W: Plot of In ((A-Ao)/Ao) ~ a m r  b[CPo] fn mdh 3=gIUCOSi& (1 -29 x 104 M.) (O), 
3-rnalonyigidde 0, and cymidio 3-maioayllaminnniioWde (0)with increasing amounts 

of chi-c acid (P:CP = 1 :O, 15, 1: IO, 1 : 15, 1 :20, 1 50, 1 : 100, 1: 150, 1 :200, 1 : Z O ,  1:300, 1 %O, 
1 :400) at pH 3 -7 (top), 4.7 (middle) and 5.7 (boüom). 



F i p n  4.16: Plot of hi ((A-Ao)/Aa) vanu in[CPo] for cyanidin 3-glucmi& (1.29 x 104 M) (O), 
cyanidin 3-donyllgUCOdi& 0. a d  cyanidin 3-malqIillm;nanioside (O) with increasing amounts 

ofpotmtechuic acid P:CP = 1:0,1:5, 1:10,1:15.120,1:50, 1:lM). 1:150,12ûû. 1-30,1:300, 1:350, 
1:400) at pH 3-7 (top), 4-7 (middle) and 5.7 @ottom). 



phve 4.1% Plot of ln ((A-MAO) versus Iii(CPo] for -din f - g I d &  (1.29 x 104 M) (O), 

cyanidin 3donyI~ucos idc  0, and cyanidin 3-d0ayllaminan"bi~de (0) with increasing amounts 
ofa8ém@:CP = 1:0,1:5, 1:10, 1:IS. 120, 1:50,1:100. 1:lSO. 1:200, 1:2!50, 1:300. 1:350. 1:400) 
at p H  3.7 (top). 4-7 (miciclle) anci 5.7 7 ( b o a o m ) .  



4.3.4.2 Effect of copigment structure 

When the data in Table 4-11 are compared on the bais of copigment differences in the a 

d u e  are mom pmiioutlccd. W i n e  always had n values of las thn un* (range = 0.68 - 0.86), 

no matter wbat the pH a pigment uSed was. This indicates tht caftèine doa  mt appear to fomi 

a 1:l  on with an anîhocyanin, and thus does not fit the mode1 propased by Mana and 

Brouilfard (1990). On the other han& pro40catechuic acid resulted in n d u e s  close to 1.0 at pH 

3 -7 and 4.7, and values pater than 1.0 at p H  5.7 wah cyanidùi 3-glucoside. At a pH of 3 -7 for 

d three pigments, the n value was 0.9 to 1.33, which indiCates 1: 1 association and in agreement 

with the currently accepteci copigmentation mechanism. nie same hoI& tme at pH 4.7 with 

cyanidin 3-gIucoside and at pH 5.7 with cyanidin 3-malonylgIucoside and 3- 

maionyhminari'bioside. The n values of 0.73 at pH 4.7 with cyanidin 3-maionylglucoside, 1.3 1 at 

pH 4.7 with cyanidin 3-donyUaminaniioside and 1.H at pH 5.7 with cyanidin 3-gIucoside 

indicates no adherence to the 1:l anthocyanin : copigment model. The n values ranged fiom 0.99 

to 1.12 with the exceptions bekg cyanidin 3aialonylgluîoside at pH 4.7 (n = 0.73) and cyanidin 

3-donyuamiaan'bioside at pH 4.7 (n = 1.31). Ln general, pmtocatechuic acid had a 1:l 

association with the tbree pigments at pH 3.7 and 4.7 d y .  The association of chiorogenic acid 

with cyanidin anthocyanins Vaned. At pH 4.7 and 5.7, the degree of association rangeci h m  0.85 

to 1 .OS, indicatinp 1 : 1 association. However, at a pH of 3 -7, the n value was k m  0.55 to 0.68. 

'Ibis indicates tbar the chiorogenic acid may not associate on a 1:l bens at a lower pH. 

4.3.4.3 Influence of pH 

Al1 data phed in the copigmentation experimeats indicated that pH has an effect on 

the n value. At pH 4.7 and 5.7, in general, the n value raaged h m  0.73 to 1.05, which indicated 

1: 1 association between anthocyanin and copigment. There were some extreme n values at pH 
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5.7 wiîh cyaaidin 3-gludde and pratacatechuic acid (n = 1.58 and 3.08), cyanidin 3- 

maioniy~'bio8ide rnd pratoeasechuic acid (n = 1-31). and with d e i n e  and cyanidin 3- 

rnaioaylgiucoside (n = 0.60). At pH 3.7, the resuits Vaned and the degree of assaciasion between 

pigment ad ccpigmcnt was more dependent upon thc copignent st~cture. With profocatechuic 

a d  a d  canéiae, the n vaiues were less than 1, i u d i h g  possible 2:l copigrnent to pigment 

asSOCiafioa. 

4.3.5 Equiiibrium constant (K) determinition 

Ibe e q u i i i i  constant (K) which desrni the de- of association (atFnity) W e e n  

the copigment and anthocyanin wu highest at the pH of marrimm copigmentation (T'able 4.12). 

The anthocyanins soiutions containhg chlomgenic acid had higher K, when c o m p d  to 

ptotocatechuic acid and caffeine containhg solutions. However, the K d u e s  of those solutions 

were not àramaticaily Merexit when compared to those which contain chlorogenic acid. 

Tabk 4.U: Effat of anthacyania, copigrnent and pH on the equiiiibriurn constant, K of 

a a A& ratio; Cyn 3-gW, cyanidin 3-glucoside; Cyn 3-malglcB, cyaaidin 3-ciialo~lgiddc; Cyn 3- 
maUamt, cyanidin 3 - d o a y m i i e ,  chlorou, Qlorogerüc aci& RotoiY, pmtocatcchuic acid 



4.3.6 Muitipie copigment tsperin~ntr 

'ïk initiai cupigmdon a<paiment uàag chlomgenic acid and d e i n e  at pH 4.7 with 

cyanidin 3-gIucœide (129 x lo4 M) prduced a nnal absrbance increase of 2.9. Figure 4-18 

indiCates that with addition of more cblorogeaic acid and M e i n e ,  the cbange in absorbante 

i n c d  rapidy but startcd to plateau at higher capigment amcentrations. It should be wted 

tbc cblomgenic aüd was always added bcfore the co&ine. Figure 4.18 illustnacs that the 

addition dcblorogenic acid aiways resultcd in a iarger absortrance increase. CaEieine causeà less 

of an absorbance change especially at higher copigment concentrations d t i n g  in a plateau. 

When the naturai logarithm was caiculated for the absorbance change versus copigment 

conceutraiion, the n value obtained was 0.83. 

The second multiple copigmentaîion qeriment at pH 4.7 with cyanidin f-glucoside 

(129 x 104 M) involved the addition of chlomgenic acid, caflleine and protocatechuic acid 

successively. Figure 4.20 illustrates tbaî addition of s d l  conamtrations of copigment resulted in 

similar absubaace increases. Howevet, addition of higher concentrations of chlorogenic acid, 

de ine  and protocatechuic acid at higher concentrations lead to a gradua1 plateau in the 

absoibaaa increase. The addition of two mperior copigrnents, chlorogenic acid and Caneine, 

prior to protocatechuic acid producecl a gradual drop in the absorbance increase within this seria, 

except at the naal addition of pmtmakchuic acid The n vahie h m  the logarithm of this data 

was 0.66. Figure 4.22 illustrates the CIE L8a*b* d u e s  for the multiple copigmented 

anthocyanin solutions at the iniiial uid nnal copigment concentration levels. 



O 0.01 0.02 0.03 9-04 0.05 0.08 0.07 0-08 0.09 0.1 
copigment conantraûon (M) 

Figure 4.18: Absorbaace hacase dcopigmented cyanidin 3-gluCoside (129 x 1 0 ~  M) with 
chlorogenic acid and d e i n e  (1:0:0, 1:5:0, 1:5:5,1:10:5,1:10:10,1:25:10, 1:25:25, 1:50:25, 
1:50:5q I:100:50, 1:100:100) at pH 4.7 and 20°C 

Figuir 4.19: Copigmentation of cyanidin f - g i ~ ~ ~ i &  (1.29 x 104 M) with chlomgenic acid and 
Meine (1:0:0,1:5:0,1:5:5, 1:10:5, 1:10:10,1:25:10,1:25:25, l:SOS, 1:50:50,1:100:50, 
1: 100:loO) at pH 4.7 and 20°C 
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Figure 4.20: Abdance increase with incffasing amounts ofcyanidin 3-glucoside solution 
(1.29 x 10%) ~ ~ ~ c ~ I I o ~ o @ c ,  pmtocatechai~ r i d m d d e i a c  (ia:oa. 1:io:o:o. i:io:io:o. 1:io:io:i 
1 25:10:10,1:2525: 1 0 , 1 ~ ~ ~ ,  1 :50:2525,1 :SO:SO:2S, 1 :50:5OrSO, 1: loO:5O:SO. 1 : lOO:lûO:SO, 1 :I 
1 :2W: 100: 100,1~002ûû: 100,12ûû200:200) at pH 4.7 ead 20°C 

Figure 4.21: Copigrncntation ofcyanidin 3 - g l d &  (1.29 x 104 M) with multiple copigments: 
chlmgenic acid, protocatcebaic acid and d e i n e  (1 :O:O:O, 1 : lO:O:O, 1 : 10: 10:O. 1 : 10: 10: 1 O, 1 :Z: 1 O: 1 O, 
1 :25:25: 10,l SSS, 1:502525,1:50:50:25,1:50:50:50,1:100:50:50~1:100: 100:50, 1 : 100: 100: 100, 
1 :200:100: 100,1:2002ûû:lûû, 1:200:20020û) at pH 4.7 and 20°C 



Figure 4.22: CIE L*aLb* values for cyanidin Jglucoside (1.29 x 10' M) at pH 4.7 with no 
copigments (l:O, left) ancl with chiomgenic acid and d e i n e  (P:CP:CP = 1:lOO:lOO) (top right) 
and with chiotogenic acid, caf£èine, and protocatechuic acid (P:CP:CP:CP = 1:200:200:200) 
(bottom right). 



Cyanidin 3-glucodde (1 29x1 o4 M) at pH 4.7 

1 :1 w:1 O0 
chlorogenic acid:caffeine 

1 :200:200:200 
chlorogenic acid:caffeine: 
protocatec huic acid 



Tabk 4J3: CIE L*a*b8 values fbr cyanidin 3qgiucwide at pH 4.7 with no copigments and with 

chiorogenïc acid and Concise (1:lOû:lûû) and with chlorogenic acid, &ehe and protocatechuic 

acid ( ~ ~ o O m o r 2 0 0 ) *  

Sample PigmeatrCopigment L* a* b* Hbe angle (0) 

Conbol k0:O 92.2 11.4 0.0 0.0 

Chiomgenic acid:deine 1:100:100 68.3 372 -11-0 -16.5 

Contra1 1:O:O:O 91.4 13.3 0.0 0.0 

Chiomgenic ad: 1200200200 58.1 47.3 -10.1 -12.1 

caffeineptotocatechuic acid 

L, O400 black to white; +a, red; -a, green; +b, yellow, -b, blue; Hue angle (O), tad@*/a*). 



4.3.7 Stomgt stability of copigmenttd iathocyrain solutions 

Pbostabiiay of capigmeated cyanidui 3-gIucoside sdutioas was assessed over a 35 day 

period of coabimious exposure a intense incaadescent and fiuorescent lights (418 pmol M2 d)  at 

20°C. A Senes of sarnples was also held in the da* at 20°C fbr the same tirne period to assess 

stabîiity in the absence of light. Solutions of cyanidin 3-glucaside with the copigmeuts 

chlomgCLÙc a d ,  protocatechuic acid or m i n e  a a pigment : copigment ratio of 1:2ûû were 

used. Cyanidin 3-glucoside (1.29 x lo4 M) m e d  as the control at the three pH values used (pH 

3.7, 4.7, and 5.7). It wu hypothesized tbat lighî would cause detenoration of the colour of the 

solutions in the absence of copigment 1t was furthCr hypothesized thai addition of copigment 

wodd improve the stabiiity of the d o u r  of the tesulting solutions. In order to compare the 

solutions, absor'bance readings were taken at 525 nm to determine the stability of the flavyIium 

cation concentration over time because 525 nm is the wavelength of maximum absotbance for the 

flavyiium cation. The wavelength of maximum abrotbance (2-J was also monitored over the .  

C o ~ u o u s  intense d c i d  light (418 pmol m" s-') adversely affect4 the stability of the 

flavyIium cation (Figures 4-23 aid 4.25)). AU samples, which were stored in the presence of light, 

had lower absorbame readiags at 525 mn and their colour degraded very rapidly compared to 

those storeci in darkness (Fi- 4-24 and 426). Solutions containing chlomgenic acid and 

protacatechuic acid became yellowish b m  during acposurr to light, and solutions containing 

pmtocatechuic acid developed a preQpitate or fiocculation under the same conditions. As shown 

in Figure 423 (top and middle), the aôsorbance at 525 nm of solutions coatainimg chlorogenic 

and p-huic acid at pH 4.7 anci 5.7 iDitially dropped but later increaseâ. V W y ,  the 

solutionr beame less red in colour and becarne yeliow-brown in colour. This was supported by a 

change in the absorption maximum h m  525 to 400 m. The apparent colour of each soiution 
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based on the m e a d  CIE L*a*b8 values over 35 days is also illustratecl in Figwes 4.25 and 

4.26 hr the solutions cxposed to light and unexposed to lisnt, respectively- 

T k  solutions containhg cyanidin 3-glu~ide and chlorogenic acid displayed good 

photostabdity at pH 3.7, since a&er 10 days of arpaaue to light, over 50% of its original 

absorbance at 525 nm remaineci Pigure 425). After 15 days, browning starîed to develop and 

became progtcssively wone Mtil the specfra of the copigmented s01ution bad the greatest 

absrbance in the 400 nrn region and it decreased gradually until a fiaction of the initial 

absorbance at 525 am remaineed. AU solutions tbat browned exbi'bited very similar changes in the 

spe*nun over the .  In CO- solutions of cyanidin 3-glucoside and chlorogenic acid at pH 4.7 

and 5.7 turned brown in coIour wÏthin the f h t  féw days of storage under illumination (Figure 

4.25). Coatrol sohxtions (pH 3.7) coiitauwig only cyanidin 3glucoside displayed colour stability 

(i. e., maintaineci a red colour) h r  about two days More the wavelength of maximum absorbance 

decreased ta approximately 400 nm. T'his shift in h, was acfompanied by a cbange in colour of 

solution to tan/beige (Figure 4.25). As pH increased to 4.7 ami 5.7, the number of days that 

elapsed before the shift in to 400 nrn o c d  was reduced to about 5 days. Similar storage 

stability and rpectrPl changes were noted for solutions containhg cyanidin 3-glucoside and 

caffeine as copigment M pH 3.7, 4.7, and 5.7. Aithough die purplish red colour of the pH 3.7 

solution (A- = 532 mn) Ipp&d for mly 5 days, the purple pH 4.7 and 5.7 cafEine solutions (& 

= 545 - 550 nm) retained theù colour for las than 5 deys. The specüal characteristics of 

solutions containhg pmtocatechuic acid as copigment were difncult to assess due to fioccdtion 

and airbidity development in these solutions during the storage pend. 
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Whm the copigmented pigment and coatrol solutions wue kept in the darlg t k y  exhibit 

good colan stabiîity, (Figure3 4.24 a d  426). AU solutions n pH 3.7 had a rehtively stable 

coiour fa the duration of the 3 5 4 y  storage study. GeaefaUy, solutions at pH 4.7 and 5.7 bad 

p a d d y  d c c m h g  readiags at 525 mn but dmlopod undesirable brown or tanbige colours 

aiso. At pH 4.7 and 5.7, the desirable colour was d y  present lor a maximum of 10 days before 

the d o u r  deteriorated; t h  phenornenon was especialiy pronainceci at pH 5.7. In conaast, 

solutions at pH 4.7 m g  cyanidhi J-glucoride and d e i n e  showed no decrease in 

absorbante over 35 days of storage. The most stable solutions were those at pH 3.7. nie 

cupigmented solutions at pH 3.7 had tk most intense colour comparai to the control sample. But 

the pH 3.7 conml d l  had a relatively stable colour a f k  35 days, even though 5 was not the 

mort intense. At pH 4.7, d i n e  prevented the solution nOm discolouring when compared to 

chlomgenic and protocaîechuic acid (Figure 4.26). 

ûther tban the ~cposurr to light and the effect of different copigments on the hue of each 

copigmentd solution, it was determined that the pH also bas a marked a e c t  on the stability and 

colour of the iPsulting s01utiom The &ect of pH is evident in Figure 4.25 and 4.26. In Figure 

4.26, it is apparent that pH 3.7 is the pH at which the solutions arc most stable for long periods of 

time in the absence of light. Figure 426 dso shows the stability of the solutions stored in the 

dark when one monitors the absorbante decrease. Figure 4.25 ïlIusûates the sarne effect to a 

Ieser extent since the effect of Iight is so detrimental to d o u r  reîention. 



Figure 4.23: Absorbaaux change et 525 m for cyanidin 3-giucosick solutions (1.29 x lo4 M) withait 
and 4th chlomgtnic acid (top), pmtocatccbuic d d  (middlc) or d c i n e  (baiom) (1:Zûû) at pH 3.7, 
4.7, and 5.7 and 20°C for 35 days and arporod a> Light 



Figm 4.24: Absorbaact c b g e  ai 525 nm for cyanidin 3-glucoside solutions (129 w 104 hi) witbout 
and with chlomgcnic add (top), protocatechuic acid (middlc) or caEeeie @O-) (1:2ûû) at p H  3 -7, 
4-7, and 5.7 aad20°c for 35 days in tbc dnk 



Figure 4.25: CIE L*a*b* values for cyanidin iglucoride solutions (1.29 x 1 0 ~  M) as a control 
and with chlorogenic acid (1:2ûû; 2.58 x lu2 M), pmtocatechuic acid (1:200; 2.58 x lu2 M) and 
caffeine (1:2ûû; 2.58 x 10-~ M) at pH 3.7, 4.7 and 5.7 end 20°C for 35 days when atposed to 
light. 
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Figure 4.26: CIE L*a'b8 values for cyanidin 3-glucoside (1.29 x 104 M) solutions as a mntrol 
and with chlorogenic acid (1:200; 2.58 x loJ M). protocatecbuic acîd (1200; 2.58 x 1w2 M) and 
Meine (1 200; 2.58 x loJ M) at pH 3-7.4.7 and 5.7 and 20°C for 35 days in the dark. 





4.4 Dhcmsioa 

4.4.1 lafluena of pigment structure 

'Ik cyanidin 3-glucoside sdutio~ls tend, in genaal, to bave a more intense cobur 

compared to the cyanidin andlor maiVidin 3.5digiuwsides at equimolar concentrations and at the 

same pH (Mpm a d  Bmiillnid, 1990). Tberefbre, Iowa concentrations than those used by 

0th- (129 x 104 M) ( h i e s  and Mazza, 1993; Mhza and Bmuillarâ, 1990) haû to be used at 

pH 3.7 to ainue absoibolioc readiags between 0.2 Md 0.8 as w d  as at otber -entai pH 

values of 4.7 and 5.7. I f  a concentration of 2.58 x 10' M had been use4 the copigmeutation 

effect couid not have been measured since the solution would bave been deeply c o l d  with the 

absotbance being m e r  tùan 2.0. Initially it had been planned to determine the copigmentation 

at pH 2.7 aiso. Howwer, at an anthocyanin concentration of 1.29 x lo4 M, the solution was tw 

deeply w 1 d  to acaintely nad the absotbance on a spcctrophotometer. Therefore, the 

anthocyanin concentration of 1-29 x 104 M was used at pH 3.7-4.7, and 5 -7. 

Fmn the resuhs in Tables 4.1, and Figures 4.5, 4.6, and 4.7, it is aiident that al1 three 

anthocyaninr fdiowed the rame general copigmentation trend when subjected to the rame pH and 

copigment conditions- 'Ilme figwes illustraîe îhat unàer the s m e  conditions, some combinations 

had a bear absorboiux increase whiie othem plateaued- Copigmentation was iduenced more by 

the copigment involved and the pH of the solution than the anthocyaain. At low P:CP ratios OP 

15 to 1:S, the absorbante krease was iinear a d  in agreement with the resuits reported by 

Wliska-Jeszka and Komchowska (1996). Howcver, as the P:CP ratio hcreased, the absorbame 

increases diffacd depending in the oopigaem and pH flable 4.1). Initially, it was hypothesized 

tbst the addition of malonic acid and an iwease in the sugar moiety length on the illlthocyania 

structure (Le., cyanidin 3-glucoside, -3-rnalonylglucoside, -3-malonyUaminari'bioside) would 



137 

r e d t  in a shmger copigmentation e&a and colout sinbiMy. It was hypothesized that the 

acyiarion andlot leagth ofthe nrgar molde to whrh the 0-c acid is aüached w d d  reçult in 

M i  copigmentation chataderistics. b wiu a h  h@esUed tbat the acylation mi@ change 

how the copigment and antbocyanin w d d  associate with each d e r .  Figure 4.11 iliumotes the 

spectra of ach anthocyuiin at pH 3.7, 4.7 a d  5.7 whik Table 4.10 iists the specûai 

cbaracterisa'cs. It was determined tbat tbere was no s i p i h n t  dinamce between wavelength of 

maximum absarbance among the docyanios at pH 3.7; bwever, at pH 4.7 and 5.7, there was a 

signifiant différence (P s 0.05). Since no statisticaily sipî£icant change in & at pH 3.7 was 

observed in the present shidy, the tight packing of the acyl residues does not take place with these 

pigments as was determined by El fiai et al. (1997) for more compla acylated anthocyaaias 

h m  Maffhiola incc1114 (stock). 

Ibe three different amhocyanin pigments genedy copigmented in a similar 

intennolecuiar Ershion but they reacted süghtiy dinerently with the three copigments and pH 

dues. Cyanidin 3-glucoside hed k g e t  increases in absorbance when combined with 

chiorogenic acid a -  pH 3.7, 4.7, and 5.7, than the two acylated cyanidin molecules with 

chiorogenic ad. The two acylatevl cyanidin molecules wae simiiar to each other with respect to 

the absorbance increases induced by chlorogenic rid When d e i n e  was added, cyanidin 3- 

glucoside and 3-malcmy1glu~0~ide behaved similarly, while cyanidin 3aialonyllamiaari%ioside 

haù less of an absotbance increase in the presence of d e i n e  (Figure 4.7). Wah protocatechuic 

a d ,  all pigments khaved similarly since the absorbante increase was always in a linear fàshion 

and no one specific antbcyanin ciulsed a gmter abrorbence increase (Figure 4.6). Thetefore, 

with the anthocyanllis used in tbis study, copigmentation was afhcted more by the type of 

copigment tban the anthocyania- 
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F m  Figures 4.54.7 it k wident rhP if an acylated anthocyanin is combined with a 

copigncd ruch as chlorogcnic ad, the absocbancc change ofth* solution wiU not be as peat as 

with a nonacylated anthocyPnm. Tkdiore, the acid moiety of the anthocyankr mpy have a 

negativt cnLa on copigmenbtiot~ If bach malonylatprl and non-malonylated anthacyanins are 

combined with a p r  copigment such as protocatcchuic acid, the anthocyanin structure has w 

nosiceable &td. 'ïhus, d e r  the same conditions, the doGyanin's structure doa not have a 

noticeaôle &W. On the cmtrary, Davies and Mam (1993) observeci that copigment complexes 

formed with momdaein, a diacyiated pelargonidh derivative p d u c e d  pater copigmentation 

magnitudes than the cortespondùig monoglucosides over a pH range of 2.7 to 5.7. 

The simi- in n values for the same copigment at difrent pH values indicated, that 

the presence of makaic acid andlor laminaniiioside does not generally aid nor hinder the 

copigmentation phenornenon. At pH 3.7 with chlorogenic a d ,  n Mius of 0.55 to 0.67 

suggested 21 chlorogenic acid:anthocyania complex formation. lhese values are in agreement 

with the d u e  of 0.72 at pH 3.7 qorted by h k z a  and Brouillard (1990). Yet, as the pH 

increased to 4.7 ad 5.7, n values increased to values close to 1. No n d u e s  for copigmented 

cyanidin 3-malonylglucoside and 3-malonyUamuraniioside bave been reporteci Howcver, the 

higher n values at pH 4.7 and 5.7 suggest î h t  there is one chlorogenic acid molecde assocbting 

with each cyaaidin glyîoside. At Iowa p H  of 3.7, tbere are approl<iniatcly 3 copigment 

molecules fbr 2 pigment molecules or 2 copigment molecules for each pigment. These d t s  

suggest thaî the anthocyanins fonn a 'saadwich' complex as was hypothesized by Gao et al- 

(1986). 



4-42 Infiueoce of  copigment rtnicture 

Chlomgenic a d  and proSocatechuic acid are obuiidsiir phaiolia h d  in plants. 

Chiomgmic rad ( 5 ~ ~ 1 ~ ~  acid) is a qumàc ester ofhydroxylated c M c  aciâ. Quinic 

acid has a ringcd structure rimilr to that of a sugar @amse) (Figwe 4.1). Chlomgenic acid bas 

been d ~ v e l y  in copigmentaticm studies and is a vcry good copigment @ b z a  and 

Brouibd, 1990; Dangies and Brwillard, 1992; Davies and Maaa, 1993; W i l s k a - I d  and 

Korzuchowaska, 1996). n.iotocatechuic acid, also k n m  as 3,4dihydrolrybeiuoic acid bas not 

been evaiu;ited as a copigmeat, and was included in this study to assess its potential as a 

copigmeiit CafEine, a Nmethylated xanthine, bas recently been studied for its copigmentation 

effkct (Mistry et al., 1991; Dangles and Brouillard, 1992; Dangles and El Hajji, 1994) and was 

included in tbis stuciy to m e r  eduate  its copigmentation potential- 

Canéine is a common food additive. Thedore, its ability to act as a copigment could 

have an impact on the use of anthocyaniiis as Danaal food colourants in products such as soft 

&inks. Canine is an abunciant purine found in tea, coffee, and soft drinks and is important to the 

food and pbamiaceuticai indurtries. As a punile, the structure of d e i n e  fivom molecuiar 

association by vertical stacking which is desirable for a copigamt (Dangles and Brouülard, 

1992). When copigrnented with malvin 3,5diglucoside, d e i n e  pfoduced a shouldcr at 670 m 

in the absorbante spednim, di l ized the qpinomidal base, and gave a red-violet solution at pH 

3.42 (Mstry et al., 1991). At pH values of 4.99,6.20 and 6.85, quinonoidal bases and carbinol 

pseudoôases were sîabilized ad violet and blue fomis resulted (Mistry et al, 1991). M e n  

d e i n e  was used as a copigmented in the present study, the same shoulder was obsened (Figure 

4.4 and 4.14). 
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Figures 4.244 ad Tables 4.5, and 4.6 hstrate the important eEect that the structure of the 

copigment bad on îhe ofcapigmmtation. At pH 3.7 d 4.7, chlorogaùc acid exerted 

the (piPtCdt copigmentasion &kt, fôiiowed by d e h e  and prutocatechuic acid at these pH 

dues. Chlorogenic acÏd and Meine bath resuhcd in a greater bathochromic shift (at a P:CP of 

1:400, + U 8  and +319 nm, respectiveIy) tbrn did protocatechuic acid (M.1 nm) Cfable 4.7). 

Chlomgcnic acid différs stnie0unlly h m  pmtoatechuic acid in tbat the latter la& a quinic acid 

moiety. Quinic acid bas a ringed stnicture sMihr to tbat of haoses such as glume and it may 

be the nason fbr the ability of chlorogenic acid to act as a good copigment. m i n e  is a purine 

and bas a ~ g e d  sûucture that hrms moleculv associations with other molecules by vertical 

stacking (Miotry et ai., 1991). This ~ g e d  purine structure d t s  in a larger bathochromic shift 

to a more purpldbluish red (magenta) colour when combined with anthocyaains (Table 4.7). 

Simüar spectral and c o l w  shab were reporteci by Mistry et al. (1991) when they studied the 

effects of Meine in the spectra of malvîdin 3,5diglucoside. Canéine and chiomgenic acids 

produced solutions of ciiffiirent colours when added to cyanidin 3-glucoside. Solutions contalliing 

chiocogenic acid and cyanidin 3-giucoside were more red than the cyanidin 3-glucoside - d e i n e  

solutions which were more bluish and appeared magenta-1- When protocatechuic a d  was 

used as a apigment, the solutions were red in inlour. The dinerences in colouf with the various 

copigments can be atüibuted to the f k t  tbat each copigment stabilùes a différent chexnical form 

of the anthocyanin. At pHs of l e s  thn 1, d e n  no oopigment is present, the flavyIiurn cation 

(AH+) is îhe dominad fonn of anthocyanin presens; this causes the solution to be intensely 

coloured. When a capigment U added to thir solution, a bathochromic sbift and small 

hypochromic shift in the visible region ooaimd in the speara of the flavylium cation This 

phenornenon was observecl with fiavylium cations and chlomgenic acid when determiniag thé fi  

and K dues. The hypochnirnic shiB indicaîes tbat the complexeci flavylium cation's molar 

absorption coefficient is s d e r  than th of the uncomplexed flavyiium cation. At pH 3.5, the 
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colourless stnrctwes are predominant mie to the hydration e~uilibrium. The resulting solution J 

p d y  colancd ifno copigmmt is prCrear Wbm a cupigment such as chlorogenic acïd is added, 

a cornplex b h e d  kranen the flavylium d o n  (Am and the Quinonoidal base (A) and 

chlorogcnic acid l%is rcsplts in a sbift ofthe hydrab'oa eqyiliirium to produce more flavyinim 

cations. 'Ik copigment aad flavyiium d o n  complex ptoduces a hyperchromic shift aisd colour 

increases. T k  fiavylïum cation is slr~agly solvated wben m wpigment is prescrit; this mi& 

lead to nucleophilic aüack by watcr at the C-2 position, remlhg in the f o d o n  of hemiacetal 

B. When a copigment is addd to the anthocyanin solution, it will compete with water to 

associate with the flavylium cation. 'Ihe copigment molecules will stack vertidly on the plaiiar 

5vylium cation, asmg desolvation of the flavylium cation, making it less susceptiile to 

nucleophilic aüack by wa&r (Dasgles and Braullord, 1992). 

At pH 3.7, uncopigmented cyanidin 3-glucoside molecules had an orange colour and a 

of 511 nm (Table 4.6 and 4.10). If the pH of the same s01uîions were reduced to 2.7 or 

Iower, the solutions would have a dark d colouf. This is because at a low pH, t&e mi colour is 

due to the predominance of the fiavylium cation (m, which is red As the pH is increased, the 

anthocyanin is hydrated and attacked by water molecules (nucleophüic attack) and the colo~less 

hemiacdalr (8) a d  cbdconcs (C) kgin to domiuate as the equili'brium is shiffed to the ri@. At 

the same time, some of the flavytium cations are converteci to the blue quinonoidal bases (Mazza 

and Bmiilatd, 1990). When the uncopigmented cyanidin glycosides are abjectecl to a pH 

increase, the colour changes h m  a dark orange-red to an orange colwr at pH 3.7 and eventually 

a duil, fPint pink colour at pH 5.7, due to the equil'brium f i v d g  production of hemkxtak and 

chalcones. When diBiirent copigment structwes are added, tbey are respo~~sible for various hues 

of the solutions. ït appem tnst cbiorogcnic acid effectively stabilizes the flavylium cation more 

than do pmtocatechuic acid or &ine since the resultiiig solutions were magenta in colour at pH 
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3 -7 but slightly dulla at pH 4.7. Ai pH 4.7, the coloilrless cbalcones should start to predoxninate 

@ f k a  ond Brouillard, 1987) accamthg for tbc duller appearance. At pH 5.7, the chaicones 

ptedomhtc; onse~udy, rolutioas appeac duli reddish yeilow in colour Vblc 4.7). 

When used as a copigment, d e i n e  stabîlizes different forms of anthocyanias in 

equifi'brium tluia does chlomgenic a d ,  as evidend by the dinerent hues of solutions observed. 

At pH 3.7, tbe mixture offhvylium d o n s  ami quinonoidal bases becorne predomiaacit and the 

d e i n e  wiîl cornplex preferentially with the fiavylium caîion, resulthg in a firscbia coioured 

solution. As the pH incteases to 4.7 anci 5.7, the solution becomes pupüJh in COIOUT due to the 

growing pndomiaance of the blue quinonoidal base. Blue @onoidal bases combine with the 

mi flavylium cations to produce purple solutions. In the spectral scans shown in Figure 4.6, a 

shoulder at appmximately 58Mûû nm becomes more prominent as &ine is added at pH 4.7 

and 5.7. This shoulder is due to accumulation of qyinonoidal base. Mistry et al. (1991) obsewed 

tbat cafkine caused the same shoulder in a malVidin 3,54gluc4side solution at pH 3.42. 

Use of ptosocatechwc acid as the copigment d t e d  E a red colour a .  pH 3.7, yet an 

undesVab1e tan yellow hue a pH 4.7 rad 5.7. Pmbcatechuie acid is therefore a poorer 

copigwat tban either d e i n e  or cblomgenic acid (T'ables 4.6 and 4.8). At pH values of 4.7 and 

5.7, the inabiiay of ptoSocatechuic acid to act as a copigment is pronouncecl, as evidenced by the 

yeilow colav of the solutions due to the predominaaec of chalcones and hemiacetals. 

Tbc mits ofthis study reiaforce the view that fbr a copigment to be effective, it should 

have a planar x4ectmn4ch rnoiety capable of interacting with the coloured electmphilic fonns 

of flavylium cations (AH") of anthocyanins @angles and Brouillard, 1994). The coloumi 

flavylium cation a d  quinonoidal base conskt of a planar chromophore in wâich the n4ectrons 
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an s-y delacalizod 'ïbe delocslued ~t-electn,ns of the fhvylium d o n  would be stabilized 

by the p h  rrJcehon-rich mokty present in a good copigment, such as cblotogenic acid 'Ihe 

qigmetb would compdc with the wdcr m o 1 d c s  for the fiavylMi chromophoce, preventing 

nuclocipbilic PtOdr and Mthg the equiiiirium t o d  the complexed coloured foms @angles 

and Brouillard, 1994). 

I3y examinin8 the copigment structures (Figure 4.1) and overiaying them with the 

anthocyanin, it is possible to hypothesize why some copigment structurai attributes are more 

effective than &ers in forming coIoured complexes with anthocyanins. Chlorogenic acid is a 

larger molecule that would dlow h to cover one side of an docyan in  better tbaa pmtocatechuic 

acid. The qyinic acid moiety of chlorogenic a d ,  absent in protocatechuic acid, w d d  perhaps 

orient itself over the antiiocyanin's A ring and 3,4-dihydroxycinnamate portion over the B ring. 

P v h u i c  acid would only be able to get good molecular coatact with one of îhe 

anthocyatiin's electrophilic ~g structures like the B ring where it would have very Iittle effect at 

higher pH's as was evident in Figure 4.3. This was because it couid not prevent the nucleophilic 

aîtack of the wakr molecuIe at C-2 of the fhvylium cation and the colourIess cbalcone and 

berniacetal r e d e d .  On the other hd, caffeine has a purine ring which would probably interact 

with the anthocyanin's A and C rings. It would not pmtect as much of the anthocyanin as 

chlorogenic acid does, although in a pianar sense, d i e  is a larger molecule. This might 

explain the mirent hues, absocbance increases and presence of shoulders when these thee 

different copigments were copigmentcd with the same anthocyanin. No H'-NMR analysis, pH or 

temperature jwiip, or molenilr W o n  c a i ~ o n s  were penonmd to validate this 

hypothesis. 
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fraocatechui~ icid was originally hypothesized to be a poorer copigment thaa 

chiogemC acid due to the iack of WC acid in the former. Howevery at pH 3.7, two m o l d e s  

of  chiomgmk acid woà.tcd with one pigment rnokcuie whereas me protocatechuic acid 

molecuk .mciatcd with one pigment moleuale even though it has less e&a on the colair 

augmcntpsioo. Chlorogenic acid formeci 1 3  cornplares at higher pH values o f  4.7 and 5.7, as was 

detemimi by Davies and Maz;ta (1993). CafEïne generally bad n values of less tban 1 yet they 

were closc enough to 1 to lead one to beliéve that the association was 1:l. No published beranire 

was found to which these could be d i d y  compared to. 

The cquiübrium constant (K) descnies the average strength and degree of association 

between the fhvylium cation and the copigment as a fiinnion of pH (BrouiUani et al, 1989). The 

K values for each pigment and copigment were the highest for chlorogenic acid with any 

anthocyanin versus those for pratocatechuic acid and d e i n e  wïth the same anthocyanin (Tabie 

4.12). Generaily, the K d u e s  for chlorogenic acid (8.3 to 197.0 w') were double those for the 

remaining two copigrnents, and indicates a higher affioitv of chiorogenic acid for the anthocyanin 

when canpiued to the Pe[iniPy of pto~ocatechuic acid and d e i n e  for the same anthocyanin. The 

high K values h r  chlomgenic acid reflects tbat it asSdciateS Strngly witâ the flavyiium cation 

rather tb.ii the quinonoidai base mavies and Metsa, 1993). The Iowa K values for &ine and 

protocatechuic acid indicate theü preferentiai association with the quinonoidal base. This was 

refiected in the weak c o l w  of the copigmented solutions. Daagles et al. (1993) reported K 

values of 76 (k 4) M' and 50 (f 3) md 81 (fi) w', respeciively, for nonacylated pelargonidin 

3,Sdigllyeoide when cqigmenîed with cblomgenic acid. 



145 

4.4.3 Ian~mct O ~ P H  

'Ik spectn of cyanidin 3glucoride (1.29 x 104 M) at pH 3i1.4.7 and 5.7 at 400 to 700 

mn (Figure 4.11) wïth no dded cogigmcnt nae comparable to published data @ k z a  and 

BmpüiMc 1990). AU three cyanidin derivatives showed classicai hypocbromic and 

bathocbromic shifb in absorbce as a fuuction of i n d g  pH. These spectrai changes have 

been weil documented and have been attriiuted to the e~uiliirium betweea the Yarious 

anthocyanin specia arUbing in an aqueous solution (Brouillard and Deiaporte, 1977; Mazza and 

Brouiilard, 1987; BraWllard et ai., 1989). 

rii gened, addition of copigment produced hyperchmmic and bathocbromic s a  in the 

wavelength of maximum aùsorbance- Figures 42, 4.3. and 4.4 illustrate eopigmentation of 

cyanidin 3-glucoside with chlorogenic acid, protocateaiw'c acid and caffeine at pH 3.7, 4.7 and 

5.7. The hyperciwmic and bathochromic shats were obsened with ail cyanidin glycosides at all 

pH d u e s  as the copigment concentrasion increased However, the magnitude of the 

bathochromic shift vaLied with each capigment. Cornparison of the spectd scans in Figures 4.2, 

4.3, and 4.4 illustrate this phenornenon at pH 4.7. 'Lbe solution with chiorogenic acid had a 

greater magnitude due to the strucaual diairences between the copigments. Figures 4.12,4.13, 

and 4.14 illustrate that the pH does net bave much of an &kt between the pigment structures. 

The copigmentrtion &kt wu generally gceatest at pH 4.7 when the three pigments and t h e  

cupipents were compred. This is probably beause the cohr dthe diiute solutions is due to 

the predorniaance of the colo\ltIess chaicones and hemiacetai pt tbis pH Mhie. The copigments 

are Pmzcted to the few remaining flavylium ions ancl when they bina the equiiibrium is shifted 

su tbat more fhvyiium ions are created. At pH 3.7, the copigmentation ù poorest due to the 

predominaace of the fiavylium ion lending it the intense colour, which can not be M e r  

accentuated. At pH 5.7, the copigmentation effect is greatet tban at pH 3.7 but not as large as 
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with pH 4.7. nie &ect is also dependent more on the type of copigment. Wilska-Jesdca and 

Kornichowska (1996) fiDlmd tht pH 3.4 had tbe patest oopigmentation e f f i  in chlomgenic 

acid copipcnted soiutions of strawbmy aad chokebeq jukes. 'iberdore, the effest of pH is 

depentht opai fktors such as tbe type ofcopigments and antbocyanins preseat, 

4.4.4 MohipIt copigment ~.pcrimtllts 

?be copigmentation experiments with chiorogenic a d ,  d k h e  and pmtocatechuic acid 

in Figures 4.18422 illustrate the additive efEect diat oopigments bave. From Figures 4.18 and 

4.20 of the absorbre change versus increasiag copigment concentration, t is evidenî that the 

addition of the nrst copigment d e d  in the Iargest absorbance increase. The fht  copigment 

was always chiorogenic acid followed by d e i n e  and thea in the second experiment, 

pmtocâtechuic acid. In both experiments, the addaion of the second and third copigment unially 

resuited in Iess of an absorbance inaeaoe and eveehially tbe a b s o b c e  increase cbanged fkom 

hear to a plateau as a dark coloumi solution was producd As the solution became more 

intensely coloumi, the adâition of more copigment could not produce a fiirtber increase, resulting 

in a plteau. Chlorogenic acid was the better copigment and produceci greater absorbance 

iacreases tban the &ers. If the order had been taadomised, the high initial increase due to 

chlomgenic acid would perhaps have been absent dong with the plrtew present at higher 

concentraüolls with in each concentration senes ag., 1:50:50:50 of chlorogenic acid, CatIeine and 

protocatechuic acid. 

Tbe combination of muhiple cqigmenîs d t e d  in different tintsm\ies for the nnal 

solution. For example, cyanidin 3-glucoside (129 x lo4 M) at pH 4.7 bas a fàint pi& colour 

Figure 422). By addùig chiomgenic acid and caf€éine up to pigment:copigment molar ratios of 

1:lOo:lûû respectively, the solution was puilosh red. When chlomgenk acid, d e i n e  and 



147 

protocatecbUc acid were addeci up to L2ûû200.200 pigment : apigment molar mth, a very 

app.rliae dsdr icd magenta s01utioa wpr p & d  At pH 4.7, these solutions had m i x e n t  hues 

anà more rppoPling colam tban any dthe singie mipenteci solutions. 

Tbt cblomgenic acid and cdtkinc m e n t  had an n vaiue of 0.83 (Figure 4.19) which 

is c h  tw11igh to unity to assume tbgt cyanidin 3-giuooside associates with one copigment on a 

one to one buis. Chiorogenic acid is probzbly the dominant capigment since it produces the 

largest absorbante increase and mi@ be athacted to the cyanidin 3-glucoside's ring structure 

more. The d e i n e  may interact with the chl~roge~c acid and cyaaicyaaidin 3-glucoside in a 

cornplex. When chlorogenic acià, a&ine and piotocatechuic acîd were useâ, the n vaiue was 

0.66 Pigure 431). 'Ihio n vaiue is far away h m  1 to suggest that the pigment and copigment do 

nat intetact on a 1:l basis. The exact interaction mechanisn d d  mt be determined using the 

p s e n t  methodology and fiirther studies should determine the exact capigmentation mechanism 

in the presence of multiple copigments. Since no comparable work bas been conducted in this 

area, these results could not be compared to any other studies. Miniati et al. (1992) studied self- 

association among peJargonin, cyanin, and malvin pied samples. No similar work has ken  

doue with pooled copigments and single anthocyanins. 

4.4.5 Stability of copipnentcd cyanidin Iglucoside in the pmence and absence of light 

nte detrimentai effécts of q i n g  anshocyanin soluticms ta Iight has been know for 

some time (Brouiilard, 1982; Francis, 1989b). The objective of the stability study was to 

determine whether a simple, commoniy found and readily &tainable anthocyanin such as 

cyanidin Sgluwside, eould k used in cnjunction with copigments over a range of pH in the 

presence of light as a food colourant in an aqueous food ~ysian It was originally hypothesized 
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that üght wouid cause colait deterioration in the absence of copigmcnt and that the copigrnent 

would ùnpove colav stabw. 

F m  the drrr iiiuskated in Figures 421 - 4.29, it it apparent that fkctors such as Iigbt, 

pH and copi&ment bave an e f k t  on the sîabtiity of copigmented cyanidin 3-glucoside solutions. 

Light sui the mon dctiùnccdnl enPQ on colour stabiiity. Intense üght (418 p o l  me2 s-') 

sieiiifidy duce the colour stab*ty of even the most stable colourai solution which was best 

at pH 3.7. The solutions copigmented wah cblorogenic and pmtocatechuic acid al1 discoloured to 

a b r o d  yeilow colour and eventuaiiy even flocdation developed which ptecipitated The 

idcntity of the piecipitate was not determined. One can hypothesize that Ït might perhaps be 

copigment condemhg and polymCnang to form a pnxipitate. This might be tme since a large 

concentdon of copigment (2.58 x 10' M) was a d d d  The large amount of copigment in 

solution also polymerize with the various forms of anthocyanin in solution such as the 

cbalmes, quinonoidal pseudobases and flavylium cations, with the intense light acting as the 

driving force for this &on. Markaas er al. (1957) observed the formation of a ~COWII, 

insoluble polyphenoiic compaind, firmeci when pelargonidin 3glucoside in a bufaa at pH 2.0 

aad 3.4 war beated h m  4S°C to llO°C. 'Ibcy proposai that the pyrilum ring is opened and a 

substhted chacone k fomed, degrading to form the bmwn preicpitate. When caffeine was used 

as the copigmeat in the pmence of light, its oolutïons were visiily sirnilar to the cocitrol samples 

storeci under the saxne c011ditions. The only ciifference behveen the control and the catfeine 

solutions was that e i n e  increased the initiai hue and colour intensity of the solutions. This 

Wlicates th* d i n e  is a poor sîabilinng copigment in the pnsence of light Caflléine had litîie 

effect on stabilizing the diEerent fôrms of anthocyanin present since its solutions were very 

similar to the controls. Ihe fkct that ca&me does not lead to brown colour development in the 

presence of light when compand to chlorogenic and protocatechuic acid, suggests that the Iight 
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induced browning reaction U due to the two phenolic Ici&. Wbcn one compara the CIE Va%* 

vaiucs of ht samples kcpt in the üght and in da&, me &O notices tbp at pH 4.7 and 5.7 with the 

samples LepL in tbc da&, that tby oLo twned yeîlow or a beigJtrn colair vasus the brown 

colau âa the same samples capigmaited with cblorogeaic and pmbxatechuic acid This seems 

to idiiatc tbt @aps pdymerhth among the aopigments d anthocyaniiip is tabg place 

and tôat l i e  causes a more intense colair rad a prccipitate, and accelerates the pmcess. 

Besides the of Iight, pH was a sigdïcant fàctor. Figures 4.29 and 4.25 25i~umate 

that the solutions with the most stable and weli retained colour were at pH 3.7. Solutions at pH 

4.7 and 5.7 were genedy 1ess stable. This can probabiy be arpiaïned by the changing 

concentrations of the di&rent antbocyanin fomis over the pH mge 3.7 to 5.7. At pH 3.7, the 

fiavylium &on is the predominant fom king staôW. It's diander*tic red colour dong 

with thc copigment inchceci colour change and -on, resuits in the metent hues 

illustmted in Figures 4.29 and 4 2 .  When the pH is increased to 4.7 and 5.7, a visible decrease 

in copigmentation and colau accentuation trhs place. The Ldr ofcolour and colour retention is 

probably b a a w  the colourless chalcones and pseudobases are pndomiiiaiit at that pH The 

same trend was obsexved by Mmiaii et al. (1992) mer a pH range of 2.5 to 4.5. 

The Eindings h m  the stabifity rtudy were comparable to those conducted by &ers under 

wniiar ~~llditions. A number of researchers have noted tbat d e r  simiiar storage conditions, 

antbocyanins undergo a pmgmsive demaise in absotbance, especially at the wavelength of 

maximum absorbante @uhzud et al, 1997; Miaiati et aL, 1992; Shi et al., 1992). 
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4.4.6 Gtnerrl conciwionr 

?a0 copignicntartion study of cyanidin 3-glucaside% cyanidin 3iaalonylglucoride and 

cyanidin 3-mai0tlyilamhriiiœide with chlmgenic acid, pmtocat&uic acid and d e i n e  at pH 

3.7.4-7 rad 5.7 demomtmtd tbat sapipent structure and concentrati*an, and pH bave a dramafic 

influence on the copigmentation phenornenon Pipent structure did have a slighî &&t but was 

minor dative to the &C&xL1 of pH and &grnent sûuc~e- The bat copigment was cietexmineci 

to ôe chlomgenic acid, hiiowed by d e & ,  with protocatechuic acid being the poore~t 

cupigmeut i n ~ ~ g a t e d .  The three cupigments d t e d  in mereut colour hues a d  differeat 

magnitudes of copigmeatation when combiaed with the cyanidin derivatives In multiple 

copigment experiments, chlorogenic acid and caffeiae without and with pmm*itechuic acid were 

combineci with cyanidin 3-gIucoside in increasing amounts. The magnitude in colour increase 

and copigmentaîion was greater when compareci ta a sin@ copigment. 

'Ibe investigation of the colour stabïüty of copigmented antbocyanin soIutio<is 

derno- that exposure to intense fiuorescent and incandescent light (418 pmol s-' d2) was 

detrimental to the photostabüity of a copigmented cyanidin 3glucoaide solution at any pH. The 

most photarable solution was cyanidin 3-glucoside with chlorogenic acid r pH 3.7. An other 

solutions diS«llou~ed and Med npidy, anà some deveioped a precipitaîe. ï he  sampla stoted in 

the dadc under the same conditiolls were faind to be mre stable, especially at pH 3.7. However, 

at pH 4.7 and 5.7, the solutions were also discoloiued, ahhaigh not to the same extent as the 

solutions exposed to intense light (418 pmol rnm2 s"). Ibis sbidy dernonstrated that iight d pH 

have detrimental effects m the colour m o n  of anthocyanin solutions, whüe addition of 

cupigment could provicie colour stabiiity unda the rigbt conditions. 



T k  anthocyanins and wIourless phcwlics pmcnt in 'Red Jumbo', 'Red Granex', 'Red 

Bone', a d  'Mambo' red onions w a c  identifiai and quadiecl using a rapid identification 

method bascd on spectmphotomdc aad -hic procedures. A tosal of fimm major and 

four nünor amth- a d  riine colouriess phenolic compamds were found in all red onion 

cultivars anaiyzed. The anthocyanins were ideded as cyanidin 3gIucoside, cyanidin 3- 

iammpiiioride, -din 3-(6"-malonylglucoside), cyanidin 3-(6"-donyllamiaaniioside), 

cyanidin 3-(3*-malonyl8lucaride), peonïdin 3-glucoside, peonidin 3-malonylgiucoside and 

cyanidin 3 .d imrlonyI~i i ios ide .  The d e r  phenolic compounds were pmtocatechuic acid 

4-gluooaide, quercetin 7,4'diglucoside, qyercetin 3,4'-digIucoside, quemetin 3glucoside, 

qucnctin 4'-glucoside, and a 5,7dïhydroxy flavanone glucoside or a 5,7dihydroxy 

dihydroflavauol glucoside. 

The copigmentation reaction of cyanidin 3-gIucoside, cyaaidh 3-malonylglucoside and 

cyanidin 3-maionyllamiiipribiosicie with cblomgenic pcj4 pmtomiechuïc acid and Caneine a -  pH 

3.7, 4.7 and 5.7 was studied, The results demonstrated that copigment structure, concentration 

ad pH h v e  a dramatic idluence on the wpigmmtatioa phenornenon. Pigment structure did 

have a slight effcd but was minor relative to the e&xîs of pH and eopigrnent sûucture. 'Iae best 

copigment was chlorogenic acid, fbiiowed by Caaeine, with pmtoatechuic acid being the poorest 

copigmmt. AU three copigrnents d t e d  iu Merent colair hues and different magnitudes of 

copigmentation whm combined wiîh the pigments. When chlorogenic acid and d e i n e  without 

mi with protocatechuic acid were oombined with cyanidin 3glucoside in increasing amounts, 

there was an brease in the range of coloun generated and an enhanced copigmentation effeb. 



Colcut stabiiity rneasmmextts of cyanidin 3-glucoside solutions at pH 3.7,4.7, and 5.7 

without rad wiîh addeci cblorogenîc ad, pmbcatcchuic acid and caffeine in the presence and 

rbomfe of lïgbt showed thr expoaue to intense fluorescent and incandescent üght was 

detrimentai to the phutmtab* of a copigmented solutions at any pH. The most photostab1e 

solution wu cyanidin i-@ucoside with chiorogenic acid at pH 3.7. Aii aha wlutions 

d i s c o i d  more rapidiy anci some developed a piaipitate. The samples which were stored in 

the Qrk u d e r  the same wndiîions were fiwid to be more stable, especiaiiy at pH 3.7. However, 

solutions at pH 4.7 and 5.7 also discolowed, although not to the same extent as those exposed to 

intense light. 

A number of recommendations c m  be made h m  this research for funire study. First, the 

stnictures of aii anthocyanins and colourless phenolics shouid be verified using more advancecl 

identification procedures such as mass spectrometry and nuclear magnetic tesonance (NMR). 

Secondly, the copigmentation phenornenoa should be studied using NMR so one can ddennine 

the nature of the sssoRPion between the pigment and copigment. 'fhirdly, wing the three red 

onion pigments, the presence of intmnolecuiar copigment should be studied wing NMR and pH 

jump experiments to determine the COllfoCmation in aqpeous systems and the effed of sugar 

length on capigrnentation Fourth, the mechankm of  degradation of copigmented ~olutio~~s in the 

presence of lie at high pH sbould be deterinined. F i  the mechanism of multiple 

copigmentation, dong with the preseace of more than one anthocyauin requites fiuther studies. 

the stability of copigmented and acyiaîed anthocyanins need to be studied in food systems. 
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(~nitial weight of 0ni~oli - Final wcight of onion) 
W i  content W.) = 

Initiai wcight af onion 



Hydrocbionc acid @Cl) C~nccntratcd reagcnt grade hydrochioric acid (50 mt) is added to 100 

mtclismedwater- 

Anhyclmus, powded bric acid 



Appeodir 3: Rcparartion ofbrrnérs and pH a d i  soluiio~is for copigmenîaüon experiment 

0.2 M sodium aaate bu€€' 

sodium accaitc trihydrate (NaC2H&3&û) MW--136.a 

x Hvol-KmolantyWW 
= (1L)(0.2 mo1JL)(136.08 @mole) 

= 27.216 f i  



42.373 mC 
volume = 

100 mL 

5 M NaOH 

NaOH MW4.00 @'mol 

5 M NaOH = 20 @IO0 rnL 

(km Mapa and B m d a d ,  1987,1990; Davies and Mazza, 1993) 



174 

Appendû 4: Caiculation ofanthocyaoio stock solution ami volumes ofbaer for spenfic pH dues, 

Cyaniam 3*DCOSi& MW = 449.2 g/finol 

129 x 1014 moM, x 449.4 @mol = 0.0379726 f i  
= (5,797 x 10-2 @JO( UlOOO &)(1000 mg& g) = 0.057973 u@nL 

to get pH 2.7 

to get p H  3.7 

to get pEl4.7 

to get pH 5.7 

~~~~~~LO-H~~+~IILI.LN&OA~ 
4/12 x 2 mL = 0.67 rnL * H m 4  
8/12 x 2 mL = 1.33 mL NaOAc 

n e d  1 mL 01H9û4 + 9 mL NaOAc 

0.1 x 2 mL = O 2  mCo-H3Pû4 

0.9 x 2 ml = 1.8 mL NaOAc 

pH 5.7 buffcr has îbe lcast amouut ofo-H@û4 M e r  uscd - ThQCfore, it is the limiting volume. Dissolved 

anthocymh inthe minimimi amount Ofo-H3Pû4 buffér, since it would lx more stable at tbis pH also in the 

refiigerator- 

0.2 mL x 4 copigmcnts x 4 pH's = 3 3  mL of *Hm4 to lx used to dissolved stock salution of 

anthocyanin 

total vohrmt of W e r  uscd 2 x 4 x 4 = 32 mL 

want 0.057973 x 104 m m  in cadi mL of buBa 

thtrefoxe dissolve 5.7973 x loamgh& x 32 mL = 1.855 mg 

ifwtigh 2.00 mg, x mL nmkî to dissolve: 



Stodr solution was storcd in the refngaator at 4@C in a EPLC viaL 

No&: tbE v01umes used laca on where teduœd since pH 2-7 and sucrose were not fàctored into tht 



chlomgmkacid M W s 3 S 4 3  @ml 
amarmt nmki for 1:l ratio: 

(1.29 x lo4 moVt)(3543 ~mol)(lûûû wg)(1 Mo00 mL) = 4.5'11 x 1v2 m g h L  

1:s (S)<r.S71 x 1 0 ~  a@" @ûûû mg) = O.OûO2285 g 

1:lO (5)(4.571 x 1 0 ~ ~ . ) ( 1  dlûûû mg) = O.ûûûZ8S g 

1: 15 (S)(4.571 x laa @aLJo( @O00 m@ = 0.0002285 g 

120 ((sWl.571 x 1oa wmt~l @ïûûû mg) = 0-0002281 g 

1:Sû (30)(4.571 x 10-2 WmL)(l flûûû mg) = 0,0013111 g 

1:lûû (50)(4.571 x l ~ ' ~ m & ~ m ~ ) ( l  g'1000 mg) = O.00228S2 g 

1:lSo (50)<4571 x 10-~ rngmL)(l al000 mg) = 0.0012852 g 

1:2W (50)(4.571 x 1w2 m#mL)(l @O00 mg) = 0.0022852 g 

1 : Z O  (50)(4571 x lu2 m~mL)(l g(1ûûû mg) = 0.0022852 g 

1:30 (50)(4.571 x 10-~ m@nL)(1 dl000 mg) = 0.0022852 g 

11350 (50)(4.571 x 1oJ m&(mL)(l dlûûû mg) = 0.0022852 g 

1:W (50)(4.571 x 10'~ rn&(mL)(l dl000 mg) = 0.0022852 g 

Note: Ail amounts were added in succession to the cuvette. nie amomts of copigment were weighed out - 
while the anthocyaain soIution was mixir~g in the closed sample cornpartment in the spectrophotometer. 

The preweighed amounts were stored on weighing paper in a metai di si^, in a âesiccator until they were 

addd  The samt caicuiaîions wcre pcrfbrmcd for pmtocatcchuic acid (MW = 154-1 glmol) and Meine 

(MW = 194.2 @mol). 
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AppadtE 'I: CopigmaUation arprimmlpl data for -din 3lgluCOSide (1.29 x 10'' M) with inaeasiag 
c M 0 ~  rrid concuraarion at pEL 3.7,4.7, and 5.7 (rcpctitim niimbcr 2). 





Appeadir fi CqiPmMtJdion c q a h d  &a foc @din 3-gluCosi& (1.29 x 10" M) wiîh hcreashg 
p m  aàd coI1CCIIQBtion at pH 3 -7.4.7, and 5-7 (repctition nirmbcr 2). 









dppaâix 13: Copi- q a h a ü a l  data for -ciin 3-mrlosiy1giucoside (1.29 x 10" M) with 
iacreasiag cblaogcnic acid amcemaicm at pEI 3,7,4.7, and 3.7. 

S 6.45 IC 104 
10 1.29 x 10-~ 
15 1.94 x lv3 
20 2.58 x lw3 
50 6-45 x 10" 
LOO 1 . 2 9 ~ 1 0 ' ~  
1Sû 1 . 9 4 ~ 1 ~ ~  
200 2.58 x 10'~ 
250 3.23 x 10'~ 
300 3.87x10'~ 
350 4.52 x 10'~ 











Appemdb 18: Copipmîation u ~ a ï n m W  data fm cyanidin 3- malonyihmimibiosick (1.29 x 104 hi) 
with iaerrrring caniinc CO-= at pEI 3.7.4.7, a d  5.7. 



Appcndis 19: Copigmcntation expriment91 data for cyanidin 3-glucoside (1.29 x 10' M) with increasing conœnûations of chlorogcnic sdd and d e i =  at pH 
4.7. 





Pg DW L* a* b* Hue an@ 



Appaadir 22: CIE L+aW values fbr sypnidln 3gtPeoridt (1.29 x lu' M) sofutions with cblomgenic acid 
(P:S = lm. 2.58 x 1oaM') ût pH 3.7,4.7 and 5.7 mer 35 days wbm exposai to light 
@ DSr LL a* b* 

0 = tan''@*/,*) 

3.7 O 54.6 69.1 12.6 10.3 



Appendix 23: CE LWbL ~ I U C S  for ryriridm JgiPcoDdt (129 x 104 M) s4htio11s with protocatechuic 
Pfd (PCP= 1300; 2.58 x 104M)at@3.7, 4-7.15-7 mm35 days w h c n ~ t o  light 
eH Dm L* a* b* Hue ag i t  



Appendis = LWb* values for cyonidia 3-ghmdc (1.29 x 104 M) solutions with d e h e  (P:CP = 
12&; 258 x le M)at pK 3.7.4.7 ami 5.7 oser 35 &tys uben QLpOSCd ta l i e  
PH DW L* a* b* Hue angle 







Applidir 2% U E  L%%* values fbr 3-ginCnCjAE (1.29 x 104 M) solutions with ptotocatechuic 
asid @CP = 12W. 2.58 x 1 0 ~  M ) a t p ~  3-7.4-7 a d  5.7 m r  35 days wbcn rmutposed to light 
PH DW L* a* b* Hut angie 





Appadis 30: Rdatiyt absorbante at 525 nm for cyaaidin 3-gluCoGide sb1utio11~ (1.29 x 104 M) without 
and with chlomgenic a d ,  protacat~~huic acid or ca@eiaC (1900) at pH 3.7,4.7, and 5.7 and 20°C stored 
for 35daysiolhcdark 



Appendk 3i: CbPiig in h- for cylaidei 3~~ solutions (1.29 x 104 M) witbait and with 
chlomP;CJljE &d, potoauacbiiic aàd oc gniùw (1200) at pH 3.7,4.7, ami 5.7 a d  20°C stored for 35 days 
and a q o d  to ligbt 



Ap~+idis U: Absorbante change at 525 am for cyanMn i-giucoride solutions (1.29 x 104 M) without 
aiduich chttmgmc a&, pmcoemchuic acid or d è h c  (1:200) a pH 3.7,4.7, and 5.7 a d  20°C storeci 

Appcndlr 34: AbsorbpoEc diange at 525 nm for fyPnidin 3-gluCosi&  solution^ (1.29 x 104 M) without 
and with chlomgcnic a d ,  protocatechuic acid or -iuc (1:200) at p H  3.7,4.7, and 5.7 and 20°C storecl 
for 35 days in the dark 

C h h o p i c  acid 3.7 1.8628 1,9372 1.8807 1.7721 1.6886 1.6131 1.5428 1.4430 

Protocatccbuic acid 3.7 1,3333 1.2709 1.2233 1,1305 1.0544 0.98% 0.9278 0.8497 




