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YCJ WU~ I&X - Yiris cinjrcrq Vitaccae; grape; s&r procyandinr Rann& HPK. 

Ahtract--Flavans and procyanidins from the seeds of different grape varieties were separate4 and &ntiEal using 
HPLC techniques. The compounds identi!kd were ( + Wtazhin and ( - bpicatcchin. dim& pocyanidins Bl, B2. B3 
and B4, trimeric procyanidin C2 and gallic acid. During maturation of the grape berries, the Bavan-J-01 u)ntcnt fell in 
the se& whatos procyanidin levels inucasal..‘This suggests an interrelationship between the compounds. There was 
also evidence of varietal differences in the amounts of phenolic compounds in grape seeds. 

INTRODL!CllON 

The quality of fo4 products from raw plant material is 
generally dependent on phcnolic compounds, mainly, in 
the case of grapes and wines, tannins [ 141 and hydroxy- 
dnnamoyltartati esters [s-7]. Their kvcls vary widdy 
according to variety and physiological stage [8]. In grape 
b&a, seeds are rich in low M, condcnsal tannins 
[1.9, 10]andmaycontribute,insofarastheyarerdcasai 
into the medium, ~oorganokpticqualities. Thepurposeof 
this work, using HPIX techniques, was to separate and 
quantify phcnolic compounds in sazds from various grape 
varieties and IO monitor their evolution during the 
development and the maturation of the fruit. Analyses 
were carried out on two red grape varieties (GrcnacI~ and 
Guignanc) and on two white ones (Ugni blanc and 
Maccabeo). These varieties were chosen for their d&rent 
browning potatial[8, 111. By comparison with previous 
results [8], this study will enable comparison of the 
relative variations of phenoliccompounds in the fruit and 
sads during their dcvelopmcnt. Moreover, it will be 
possible to spacify the characteristics of the plant mat&al 
before technological treatments. 

RESULTS 

Chromatograms from HPLC separation of grape seed 
phcnohcs were fairly compkx with eight peaks indcnlifiai 
viz gallic acid, ( + mtcchin and ( - )-cpkat&in, dim&c 
procyanidins Bl. B2, B3 and B4, trimeric pcyanidin C2 
The order of clution WBS similar to that described for beer 
[ 121 and, with the exception of gallic acid whose & is 
274 nm. each compound has a maximum absorption at 
280 nm, identical IO that ofstandard compounds. The free 
gallic acid content was low in all cases but alkaline 
hydrolysis of a total phcnolk extract rckasca large 
amounts of free gallic a& ten times as much 88 in the 

*To whom axrcspondence should be addrcxd 

initial cxtrst. In consequenq this compound is likely IO 
be present in the form of cstas. such as epkatcchin 3-0- 
gallate previously idcnlifA in Ihis plant material [ I3- IS] 
but which could not be scparatad under our analytkal 
conditions. 

Changes in ( - )cpicatachin ad ( + )cata%in reached a 
maximum at &a&n (Fig. I), the varietal differences 
being mainly in the relative amounts. ( + )-Catachin was 
generally the chief component (6O~ks/g dry wt in 
Ugni blanc at t.&ison). The amount of dimeric pro- 
cyanidins was rather low, 83 being the most abundant in 
Grcnache and Ugni blanc (Fig 23. Except in Maccabco, 
the highest kvds of dim&c procyanidins were found in 
the very young b&es; they daclinai during grape da 
velopmcnt and remainad steady during rnmturation. 
However, an inucasc in B2 oazurrai after I&- in two 
cases. The trim&c ptocyanidin C2 was only present as 
traces and could not be dauminal quantitatively. 
However, the largest quantities were observed in the two 
white varieties. Amounts of free galIic acid were always 
low and varial only slightly (Fig. 1). 

Interesting observations can be made when the results 
8rc expressed per bary. whaeas the evolution of mono- 
meric flavan-34s displayed a maximum at r;hoiron, 
procyanidins Bl. B2 and 64 increased continuously 
during maturation. which is the main period for the 
accumulation of these compounds in seeds (Fig. 3). 

DSCU!5SION 

The varietal difkrencts observed illustrate the high 
kvds of flavan-34s and derived tannins in Grenache and 
Ugni bhnc KJU&. The hydroxycinnunoyl esters content 
of the berries of these two variuies are ako known IO be 
high [a], as is thdr potential browning [7j. This phcnom- 
aon mry be accentuated by the di!Tusion of grape soed 
tannins as oazurs during ra! w&making with pomoct 
con- [16]. 

‘Ihe prwcncc of procyanidins has already been con- 
firmed in grapes [lo, 17j but we report here for the firxt 
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Fi& 1. Evolutions of ( +)SW.&II (A). ( -)-cprotaAin &A) and 
galhc a& ( +) in four grape varictia during dcvcbpaxnt and 

maturation (~ola/g) 
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Fig. 2. Evolutton of pmcyanidins 8, (m), Ba (O), B, (0)ond B, 
(3) in four grape vancues during devcbprnmt and maturation 

(NJ: integn[or unit). 

Fig. 3. Evduuon of than-3-0)s and pocyrndinr pm grrp 
seed duMg dcvdopmcnr and malunttin of the Ugm B&nc 
variety. (+)-Cata4rin and ( -)epaa~a&in (V), B, (=L Ba (O), B, 

(0) and B, (3). Evdutm of seed dry wt K% 

time their separation and quantitative determination by 
HPLC in grape sads. The trim&c procyanidin C2 had 
not been identified as ycr in grapes although its prescna 
was likdy when dimcrs occur [ 183. As a result of missing 
standards several compounds which were prtiously 
reported in 8rapcs were not identifiai in our analyses+ in 
particular gallocatcchin, cpigPllocatechin and cpicatcchin 
3-Ggallate [ 13. 19-221. The latter compound is probably 
responsible for the large quantity of@c acid found after 
alkaline hydrolysis. The importaxc of free ( + )catahin 
and the occurrence of B3 and C2 emphasizes the fact that 
the chief 8rapc procyanidin unit is (+~tcchin. This 
relative abundana vs ( - )cpicatc.chin proves rhat grape 
seeds display a genetically homogcncous bchaviour [23]. 

The markai dacrcau in &an-34s after vcraison 
cannot be explained by diffusion towards the pulp of the 
fruit sina these compounds do not occur there [8]. On 
the other hand, the accumulation of dimeric procyanidins 
during maturation suggests thaw they are synthesisA from 
monomeric forms as suggested by several authors [24-261 
with [27] or wnhour [28] enzymatic control. In con- 
scquenc~ seed maturation is characterized by a very ckar 
relative enrichment in dimeric compared IO monomeric 
forms. Similar conclusions cannot be extended to higher 
polymerized forms as they are less abundant (C2) and 
di&uh IO separate. 

Thus, the model sysuxn constituted by the grape berry 
and its seeds is particularly inrcrcstmg for rhc study of 
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both the physiological aspects of oligoma procyanidins 
and the tecfindogical consequences which may be 
induced. 

ExrzRIMENTAl. 

PImu mtrmd. After picking grape-a were iauncdwdy frozen 
in liquid N, Ibcn stotal II -2@‘. ssadr were wparatai juu 
before uIracIion. 

Exfrfxria PtKnobc unupounds were CxurIal three tima 
with 80% EIOH at 0”. Tbc cxvr( YU 1ha1 cvapd under vacuum 
10 10 ml ol4. malium. Carotcnoidr wae cxIracIal wil plrol. 
Ibal hvoaoidr and other p&ends were 8cparaIal by EIo1sf 
according IO rd. [29]. JUI b&xc inj-doa into tbc HPLC 
cdumslmlof1&EtOlSfaI~wumpdIodrynarunda 

N,udtkndilwirb~eqrvlvoloTH,O[8].Thcex~wu 
lllmlly filtered IiIrcqgII a 0.45 /an hmipocc 6ltha. 

HPLC. Gdim~sqmn~ionrwaccmkdou~marevaxd- 

phase column (RP. Cl& 250 x 4.6 mm packed with Lichrd. 
pnidccitt5~~TbccohunnwufiIIadwi~~puud~~umn 

before ItK injoxor and proraxad WiIb a c,, s&a &I praxlumn 
p&uJ afIa Ihc injr!ctor. The column was cqulibc8Iad with a 
mobikphascof 10% McCN(900/,H,O)djustcd1opH26titb 
H,PO.. The so1va11 @ien pro6k PR): &lOmin: l&15% 
McCN; 1&2Omin: 15:; McCN; 2&25mn: lMO% MN; 
2-5 tin: 20% M&N; 4S75 tin: 20-400/; M&N. Flow rate 
I rnl/min. The elwc was monItored a1 280 nm 0.2 AUFS using 
a sxnnmg spcctroptmomaa wiwitb rumcontrol 8nd variabk 
wmknglh 

Iden@caioa. Phamlic coaqmundn were dctamkd by a+ 
chranrtograpby and by xanning rdcrcnce ccqmmdr [( + F 
UICChilI, ( - wit-ICChill, @iC rid from fiutr] md NIII& 
canpounds pmourly arraced from plnnt mtaial (pro- 
cyanidins) in otbcr labccaIc&s. 

Acknmvkd~t-flu l urbon are mdy ibdeka! IO E 
Poml, J. P. GoifTon and C. Remink for Ibeir kirxuy wckome 
andI&lIial~ (Labntoirc InIart$bul de la 
Rtpusion &es Fnuda et du CenIr& de h Quali~t. 
Montpdlia) Prcxyanidins Bl, B2 B3 and B4 were kindly 
sup@ial by Prof. Ha&m (University of S&c- U.K.) aaxl 
F. Vilkncuve (Moatpdlicr. Fran& Procyanidin C2 was kindly 
ruppliad by Prof. Jcrurmnir (UnIvcrsiIy of Louvain. Bdgium). 
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