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Abstrad-By means of preparative paper chromatography five crystalline anthocyanins were isolated from 
the skins of Barlinka grape berries. The pigments were identified as oenin (malvidin 3glucoside), mono-p 
coumaroyl oenin and the 3-glucosides of peonidin, petunidin and delphinidin. Oenin was by far the major 
pigment of the grape skins while the 3glucosides of petunidin and delphinidin occur& only in very small 
concentrations. The identification of all the compounds as monoglycosides supports the classification of 
Barlinka as a cultivar of Vitis viniferu. 

INTRODUCTION 

BARLINICA is the most important table grape variety exported from South Africa and accounted 
for 48-2 per cent of the country’s total grape exports during the 1963-64 season.’ Although 
its retention of freshness and flavour during relatively long periods of cold storage makes it a 
particularly satisfactory export variety, a major problem sometimes encountered by the 
producer is a variable and irregular development of the characteristic black colour of the 
ripe grape. Perold who found Barlinka growing near Algiers and brought it to South Africa 
55 years ago, considered it to be a Vitis vinifera cultivar but no chemical evidence on the nature 
of its pigmentation has hitherto been available to support this classification. The present 
study was therefore undertaken in order to establish the identity of the pigments prior to an 
investigation of their biosynthesis. 

RESULTS AND DISCUSSION 

Examination of a methanolic 1% (w/v) HCl extract of the grape skins by chromatography 
in butan-l-01: acetic acid : water (BAW) (20: 5 : 11, v/v) revealed the presence of five pigments 
(A to E). Pigment C was clearly the major constituent and appeared to be about twice as 
concentrated as pigments A and B. Pigments D and E were present in only extremely small 
concentrations. 

Pigment A was converted to C by alkaline hydrolysis whereas all the other pigments 
remained unaltered under these conditions. This indicated that A was an acylated form of C. 
Controlled acid hydrolysis 3 revealed that none of the pigments was a diglycoside. Although 
pigment A did reveal an intermediate product of hydrolysis, this had a lower, and not a higher, 
Rf value than the original pigment in BAW. Furthermore, this intermediate was identical 
with C by chromatography and was thus formed through hydrolysis of the ester linkage in A. 

1 Deciduous Fruit Board, Annual Report, p. 22. Addendum to Decid. Fruit Grower, 14, 1964). 
s A. I. PEROLD, Hanahek oor Wynboue, Pro Ecclesia Press, Stellenbosch (1926). 
3 B. V. CHANDLER and K. A. HARPER, Australiun J. Chem. 14,586 (1961). 
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The aglycone liberated by acid hydrolysis of/)(q/rz~~rt.s .-I and (’ wa> 41m11 to bc malvidin 
whereas those liberated from pigmum B. D and E were fclund 1~) be pccmd~n. petunidin ad 

delphinidin respectively. 
Examination of the acid hydroly sate\ for the presence 01’ wgan rc‘~ ealcd only gluct>\c 111 

each case and it thus appeared that all the pigments were monogluco~idc~. That the sugar 

residues were attached at the Spositions of the anthocyanidins \v:ts c~~nlirmcd hy hydrogen 

peroxide oxidation of the pigments and alkaline hydrolysis of the product~.‘~’ 
Additional evidence on the nature of the pigments M;L\ obtain4 h! ;tlkali fusion5 and 

degradation with dilute NnOH 4ution” which confirmed that III I and C 1I1c aglyconc ~a\ 

malvidm whereas in B. D and E iI H;I\ pconidin. petunidin and delphlnldin rerpccti\ely. 
Pigmenr A was found to bc :tcylated with /+coumaric ‘lcid. Alhahnc h\dr~~I! \IY ofpcro\idc- 

oxidized A resulted in the Ithrmtion of ;I comp~~und po\,eAng ;I c~~ii4crabl? Iiighci K 

value than glucose in partiticjning miuturc\. The suhstancc re:tctcd 4milarly 10 plucosc with 

aniline hydrogen oxalate’ but, lihe p-coumaric acid. II r\hihitcd :I blue tluore\ccncc on e\- 

posurc to ammonia vapour under u.v. light. Hirkofcr and Kniscr” and Harhorne” who 

reported similar rc\ults with acylated anthocyanins. considered their p~.txiw~\ to tw ~lucosc 
acylated with p-coumaric acid. It would thersforc appear that In /~~.~/IICVII 1 ales. the I)-cc~um- 
aroyl residue is attached to one of the alcoholic hydr,B\! I group% of tl~ glucasy I rrsiduc. 

However, it was particularly striking that pigmcnrs B. C’. I) and I‘ \\erc dcc~4orizcd withtn it 

few seconds by hydrogen peroxide whereas 4 maintained it\ c~rh~ur for at Ica\t IO min. und 

by comparison with C it ir diflicult to eqGn how acy lation in tlw ~IIICCI~J I rc4ue c~wld con- 

fer such extra stabtlity on the phenolic portion of the molscule. 
Ultraviolet spectral mea\urcmrnt\” I2 supported the chrirm:~t~~gr:lphic and chemical 

identification of the pigment, and direct dcterminatmns of. the \ugtir aglyconc r;ttio III c‘and 
the anthocyanin:cinnamic acid ratio in .4 were shown to be I _ I 111 each C;IQ. 

The i.r. spectra of the Barlinha pigments all euhihitcd ;I high ahsorptton band III the 
1630-1640 cm ’ region due to the aryl-conjugated hctcrocycltc oxygen atom of flu~ylium 
salts. I3 Ribereau-Gayon and Jwcn I3 f;~unJ the 1466 cm ’ band in malvidin to be character- 

istic of the methoxylated anthocyanin:, which they c\amincd and thq thcrci’~>re ascribed it to 
- -OCHJ deformations. Thib band way. houc\er. not apparent III the spectra of any of the 
grape anthocyanins although all. including 1:. 4lowed absorption at 1157 -I&N cm ‘. 

probably due to aromatic C C stretching\. I-I A prcnnrncnt Ix~iicl ut li35- 134.5 cm ’ III 

the spectra of .-I. B. Cand D occurred only at I300 ~111 ’ in/Gg/rrt>fl/ E pr4jI idinp ai1 interesting 
correlation with earlier result\ ’ ’ v.here the I3 13 cm I band of drlphinidiii ~i.15 at ;I +nific- 
antly lower frequency than the corresponding bandb of the t)thcr anthoc~;lnidtns cxamincd. 
Rib&eau-Gayon and Josicn i 3 consider the ab\orptton pnttcrn bctnccn I Iof) and loo0 cm I 
to be the most valuable for ditfcrentiattnp the hi\ ulltllc~~~:lniciir~~ ~INCIICLI IXII the diffcrencc\ 
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in the spectra of the Barlinka anthocyanins in this region were not very great. Furthermore, 
the introduction of glycosyl residues appears to increase the general absorption in the i.r. 
and individual bands were less well resolved in anthocyanins than in the corresponding 
anthocyanidins. Pigment A, however, showed a characteristic absorption band at 1690 cm-l 
due to C=G stretching in the p-coumaroyl residue. The ester carbooyl band in the vicinity 
of 1700 cm-l therefore readily distinguishes acylated from non-acylated anthocyanins. 

Although previous workers15 have reported the occurrence of a mono-p-coumaroyl 
malvidin 3-glucoside in V. vinifera, this pigment does not appear to have been isolated in 
crystalline form prior to the present study. The other Barlinka pigments have all been found 
in various Vitis species, oenin (malvidin 3-glucoside) having long been recognized as the major 
pigment of V. vinfira since its first isolation from this source 50 years ago.r6 It is, too, the 
major pigment of Barlinka grapes. 

An exclusively monoglycosidic pattern has been found to occur in Vitis species other than 
V. vinifera,17 but the nature of the pigments isolated strongly supports the botanical classi- 
fication of Barlinka as a V. vinifera cultivar. 

EXPERIMENTAL 

All chromatograms were developed by downward migration of the solvent. Whatman 
No. 3 paper sheets (46 x 57 cm) were used for preparative work; for all other purposes What- 
man No. I chromatography paper was employed. Solvent systems used were butan-l-01: acetic 
acid : water (20 : 5 : 11, v/v) [ BAW] ; butan-l-01 : 2 N HCl(1: 1, v/v) [BuHCl] ; benzene : acetic 
acid: water (125: 72: 3, v/v) [BeAW]; butan-1-ol:benzene: pyridine:water (5:l: 3: 3, v/v) 
[BBePW] ; acetic acid : cont. HCl : water (30 : 3 : 10, v/v) [Forestal] ; formic acid : cont. HCl : 
water (5 : 2: 3, v/v) [Form-HCl]; aq. 2 ‘A (v/v) acetic acid [2 o/o HOAc]; aq. 15 y0 (v/v) acetic 
acid [I5 % HOAc] and phenol: water (3 : 1, v/v) [PhOH]. In two-phase systems (BuHCI and 
BBePW) the upper layer was used. 

Malvin and delphinidin chlorides were obtained commercially (Fluka AG.), peonidin was 
prepared by reductive acetylation of isorhamnetin,‘* petunidin 3-glucoside was kindly 
supplied by Mr. H. Malan, Chemistry Department, Stellenbosch University, and 3-O-methyl- 
gallic acid was prepared by the method of Fischer and Freudenberg.lg 

Infrared spectra were recorded on a Perkin-Elmer model 21 spectrometer by the KBrdisk 
method. Sample concentrations were 1 mg/250 mg KBr for pigments A, B and E, and O-6 
mg/250 mg KBr for pigments C, D and malvidin. Spectral measurements in the visible and 
U.V. region were made with a Zeiss model PM QII spectrophotometer. 

Isolation of Pigments from Barlinka Grape Berries 

The skins (300 g) from fresh, ripe Barlinka grape berries were extracted with methanolic 
1% (w/v) HCl(1.2 1.) and methanol (5 x 1 l.), the combined extracts were vacuum concen- 
trated at 35”, streaked on Whatman No. 3 paper sheets, and the chromatograms developed in 
aq. 1 y0 (w/v) HCl for 18-24 hr to wash water-soluble constituents from the anthocyanin 

15 Leadingreferences. 0. CQLAGRANDE and G. GRANDI, Ann. Sper. Agrar. (Rome) 14,325 (1960); F.DRA~T, 
J&is 2,288 (1961); H. MALAN, M.Sc. (Agric.) Thesis, Stellenbosch University, South Africa (1963); R. F. 
ALBACH, R. E. UPNIX and A. D. WEBB, J. Food Sci. 30,69 (1%5). 

16 R. Wm.srZrrm and E. H. Z~LLINGER, Ann. Gem. Liebigs 408,83 (1915). 
17 J. RIBI?JUWJ-GAYON and P. RIBBREAU-GAYON, Am. .7. End. 9,1(1958). 
1s H. G. KRISHNAMURTY, V. KRISHNAM~~RTH~ and T. R. SESHADRI, Phytochem. 2,47 (1963). 
19 E. FWH~R and K. FREUDENBERG, Ber. Deut. Chem. Ges. 46,1116 (1913). 
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pigments. The chromatogrnms were partially dried and the pigment\ eluted with aq. 75”, 

(v:v) methanol. The combined eluates were concentrated under reduced prehbure reapplied 
to Whatman No. 3 paper and developed in BAW. A total ~>f file clearly dl\tinguishable 

pigment bands was obtained (. 1.13, C. D and E in order ofdccrca~mg R,valuc). The individual 

pigments were eluted from the chromak~gramr with aq. XI)“,, (v \) mrthan~~l. 
Pigmen/ 4. The combined. concentrated clu&c\ from two cvper1ment\ were left in ;L 

vacuum desiccator until a thick precipitate had formed 7 hc WII~ \va\ liltcred off and di+ 

solved in ethanolic S”,, (H c) HCI. After 2 da)\ the fine. dark-red nccdlet were tilterrd otf. 

washed with ethanol at 0 and dried. Yield : lb.7 mp: .\n,d, 2X3 and 5% III/~ in methsnolic 

O-1 “0 (w v) HCI (loge 442 and 14 re\pcctivel!). 
Pi~~mvrf B. The combined. concentrated cluatrs from I\\(> clperilncntb )1rlded thich, 

brown-red necdIc\ t>n storage at 5 . The ~d1c1 na\ recrq~tallired fn~m ethanolic HCI as 
described for/~i.~~:lwent .1. \ icld. 13.0 mg* \ . I ,,,d, IS I and 529 III/L in mcthanc~lic 0. I “,, (I\ V) HCI. 

Pigntr~ (‘. The concentrated rluate !lclded a crjstalhne holid which \\a.\ liltrred off and 

recrystallized twice from ethanc,lic 5 ‘I,, (w \‘) HCI. k icld . 154.5 mg : ,\,,,.,, 279 ;I nd 53X III/L in 
methanolic 0. I I’,, (w \ 1 HCI (Io~E -+.I3 and 1*-17 respecti\ch). 

/‘igtnc’/lt D. 7 he combrncd. concentrated eluateb from three expcr1 ment\ wcrc evaporated 

to near dryness in a V~.JLIII~ dcG.xxtor. aq. I ‘I,, (H VI I iC’I ( I 2 ml) N;I\ ad&d and the solution 

was kept at 5 . Small, darh-blue crystalline globule\ beparated after szkcral da)\ and thebc 

were filtered off and recrystallized fto1n ethanolic 5 I’,, (w \ ) HCI. Yreld . 2-O ~ng: A,,,.,, 276 and 
540 m/L in methannlic 0.1 ‘I#, (I\ v) HCI. The higher \ia\,clcngth maximum was \hiticd to 55X 

in/l in 30 mkl AICI? in mcthanr~lic 0.1 “0 (I\ ‘VI HCI. 

Pi.ct~~e/~t E. This was rccovercd from the combined. concentrated cluatc\ of three expcri- 

ments exactly as described for pigrwrr/ /I. \’ ield : 24 mg: A,,,,, 274 and 5-K) III/L in methanolic 

0-I ““(w v) HCI. The higher \na\~rlrnglh maximum W:I\ shifted to 509 III/I III 30 nlM AICI, III 

methanolic 0.1 ‘,, (w\ ) I-ICI. 

A~i~lIl~tl~c~!l~sis (cf.‘). The pigment (1 mg) was rrtiuwd in ;I mluturc ofethanol (I ml) and 

aq. 4 N HCI ( I ml.) After 5 min sample\ wcrc removed and examined directly by chromato- 
graphy in BAW. Forc\tal and Form-HCI. The remaining sc)lution H;L> rcfluled for 20 inin, 
diluted wrth water and the nglqconcr wcrc citractcd with pentan-Z-t)1 and e\nmincJ h> 
chromatograph>. 

The colourlcss aqueous hydroly~ate was neutralked with di-/I-act! Imcth~lnm~ne ?” and 

cuamined I-I> chromatnpraphq in RAW. BBePW and PhOH with authentic prntoses and 

hexoses a4 mu-her-~. .4111lrnc h>dnrgen oxalate~ wa\ employed a\ the chromogenrc hprab 
reagent. 

.-l/ktr/im /~~dro/~~si.s. The pigment ( I mg) in aq . 2 N NaOH (2 1111) ~a4 hcpt at 20 for 3 hr. 
The solution was acidified and the pigment H;I~ cvtractcd nith pentan-2-01 and exalnincd by 

chromatography m BAW and BuHCI. A\ onlj /~igt~c~7/ I undcrwcnt an! pcrmancnt change 
by this treatment, a further sample M;I~ hydroIy.scd a4 described and the acld1lied hqdrolqsate 
was extracted with ether. The cthcreal extract was cxamincd by chromatograph\. III BAW and 
3* HOAc with p-coumaric acid a\ marker. The pigment \\as extracted f’rom thr acidified 
hyk-olysate with pentan-2-ol and compared with l~ignmrl C’ by chrt~matc~~rat+ III UAW. 
BuHCl and 3”,, HOAc. 
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Determination of glycosyiation in the 3-position of the anthocyanin molecule. The hydrogen 
peroxide technique4 as modified by Chandler and Harper3 was employed. However, as 
hesperetin 7-glucoside was also found to liberate glucose, the hydrolysis time at 100” was 
reduced from 5 min to 1 min. Under these conditions no glucose was liberated from hesperc- 
tin 7-glucoside but satisfactory results were still obtained with 1 mg samples of the pigments. 

Alkali fusion. Alkali fusions were performed by the method of ROUX.~ The products were 
examined by chromatography in BAW, BeAW and 15 % HOAc using phloroglucinol, gallic, 
protocatechuic and p-hydroxybenzoic acids as markers. Bisdiazotized benzidinezl was 
found to be the most satisfactory chromogenic spray reagent. 

Degradation with dilute sodium hydroxide solution. The method of Karrer and Widmer 6 
was adapted for use on a microscale. The pigment (1 mg) in 2 N NaOH (l-5 ml) was heated in 
a nitrogen atmosphere at 100’ for 1 hr. The solution was cooled, acidified and extracted with 
ether. The ethereal extract was concentrated and examined by chromatography in BAW, 
BeAW and 15% HOAc using syringic, vanillic, gallic, 3-O-methylgallic and p-hydroxy- 
benzoic acids as markers. 

Determination of the molecular ratio sugarjaglycone in pigment C. The compound (4.62 
mg) in ethanolic 5 N HCl(2 ml) was refluxed for 20 min in the absence of oxygen and light. 
The solution was cooled, diluted with methanol to 250 ml and the pigment concentration was 
determined by measurement of the extinction at 547 nyl (log E 450 for malvidin). The ratio, 
sugar: aglycone in C, was found to be l-2:1. 

Determination of the molecular ratio anthocyaninlacylresidue inpigment A. The compound 
(5.09 mg) was hydrolysed with 2 N NaOH as previously described. The solution was acidified, 
saturated with NaCl and extracted with ether (3 x 3 ml). The ethereal extract was taken to 
dryness under reduced pressure at 30”, the residue was dissolved in methanolic O-1 % (w/v) 
HCl and the extinction was measured at 311 rnp (logr 4.32 for p-coumaric acid). The aq. 
salt-saturated hydrolysate containing the anthocyanin was stored under reduced pressure for 
12 hr, diluted to 250 ml with methanolic O-1 % (w/v) HCl and the extinction was measured at 
538 mp (loge 4.47 forpigment C). The anthocyanin : acyl ratio for pigment A was found to be 
1:l.l. 

213. E. KOCH and W. KRIEG, Chemiker Z@. 62,140 (1938). 


