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The phenolic composition of eleven apple genotypes was determined i the Nesh and
peel by hgh performance liquid chromatography (HPLC), totad phenolic content (TPC)
by the FolinCiacalteu method, and anfioxidant capacity waing Terrie reducing
anliazidand power (FRAP]. HPLE analysis identified and quanfied several groups of
phenolic compounds; procyaniding, hydroxycinnamates, acids, anthocyaning,
Mavanols, and diydrochalcones. Procyanidins were the mosl predominant group in
both flesh and peel and contributed 53.4% and 44% of the total phenolic index (TPI),
respectively, Quercetin ghecosides were almost exclusively Tound in Ehe peel, while
cyanadin d-galactoside was found onky in red apple peel The profile of phenalic
compounds varied among the eleven genolypes and the peel showed higher
concentraticns than the flesh. Among the studied genotype s ‘Reinette Russet” and
"SICAJBREGATS" had the highes and the lowest concenralions, respeclively. The tolal
phenolics (TRITPC) of both flesh and pesl extracts cormelabed well with anticxidant
capacily a5 estimated by the FRAP rsshy (R2 = 0,57, .76, 002, respectivelyl, with the
exception of TRC from the apple peel determined with FC (RE = 052 The low
ehlosogenie acid and Tero olal Navanel content in Nesh of "SICATIREATE genotype
tended to be associated with no browning compared o other cultivars.

Introduction

Interest in pindcchemical comtent and antivaldant acthvity of Indts and vegetables has bean
wary high in receni years. Anfiavidarts such as «tamin C, vitamin E, or [f -carolens are nol
the onhy compounds respomsible for the anticeidant capacky of fuits and vegetables. Hecent
#udies have shewn ihat the majerty of antioudant acthity in frulls or vegstablas may
criginate from the pohphenolic compounds,

Thea presence of phenclc compounds in fruks and vegetables has been sbudied fasrky well

In addition 1o e impertant functens in planl defenses mechanisms and eabemal sresves,
ihay ales affect the qualty, colour and taste of frulls and the = prodects B julee and frul
shee. In ki concentration, phenolics may protect food from cuidative detericration; hivever
&1 high concantration, they (ef their axidaion pradusts) may participate in discoloralion of
foods. For example, the brown colour development (known as enzymatic codclation i mainly
due 1o the polyphenol peroddes (PFO) activty and the amaunt of e polyphenc! subisirates.

AS ghowam for appie fnsts, the colorsbion aler ondaion degpends on the balance betwesn Lhes
phenclics; Bydronyomnamates, flavanols and flavonols. Moreower, sncymats: browning of
rivey Trulls and vegelables is gensrally considened bo b 3n undesrable rescion because of
the unpleasan appearance and concomitant development of off-Brors. In addition, This
brssming has been & magor impedmenl (o sxpandang the shelf kle and madiostabity af
fresh-oul fhols

Thr am of (b present weork was bo gpuantify nddual phenolio compounds of selected
adwanced appe lines and bo quantly thesr tolsl phenolie conlanl and anboridant aciivities
companre bo kswn cultivars. The resuls of (ks investigation will be tsed furiber in our apols
breeding program 1o select panentages io make new crosses. Furlhermane | is our mtension
16 further Imetstigate if thers B 2 eofralation behween the antiovidan activiey, shel Be and
resistance io diseases

Materials and Methods

Eample preparation exiraclion procedure. Bleven advanced apple Bnes and sullivan
weure packed @l comimercial matwnity during 2000 harves! season al the Agrioullere and Agn-
Food Canada, Quebec Frsl samples were peeled, cored, oot inlo small pesces, frozen in
guid milvogen mmedadely, and slored all -B0 °C until use

Ten grams of fresh-froren peel or fliesh wars I2ken from each apple genclype and (hs
phenclic compesdian of apphes was analyred by HELE a5 described previousty (13 Al
samples were prepared and analyzed In dupicate The resulls wers expressed as pg g-1
fresh-frozen welght

Totad phenolic content. Tolal phenolic content (TPC) was determined a5 desoribed
previoushy (3] with siight modification

Ferric Reducing' Anticiidani Power (FRAF) assay. The FRAP was determined accordng
i the maethod of (1), The FRAP value of the samples was calculated on the basis of 200
L-aAstorblc adid
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HPLE anakysis (demified and quantiled seversl groups of phenolic coemnpounds:

Pycrene innd mic acids, favand=ole, fvvonols, dhydmehalzones and antheeyaning. Appls
genatypes tesled in this study contained various levels of total phenclics measured by both
TPC and TP, &% well a4 insvidual phanolic compounds, Dur results are simiar to those
alrpacy published by sther investigators and shew that apple peels possess highsr confents
of phenols: campaunds than the fesh, whith B (8 accordancs with prevous studies,
Furthermnore, the composiion and distnbution of these phanolic compounds Eetween the
Besk and peelwere dffarent among the varisties.

bn all apples studed, procyanices were the predaminan phenobcs groug n beth fesh and
poel. They accounted for 52.4% and 44% of the botal phanobcs. respedivedy. ‘Remelle
Hussed apphe conldindd he highesd conceniralacn, whededs 'SJCAJEREA TS was the onhy
apple that contained no procyanidine in s flesh,

Accorng bo our resulls and those reporied eanlier, spicatedhn and procyanidin B2 were the
main eentribwors b the high lotal procyamding caniant, and were in higher amounis. in appks
peel, Mamy ressarchers have reporled that chiorogenic acid wars the majer phenclic
comnpaund in apphes, nd was the modd abundan phenplic eompaund in Lhe &pple flesh

In ackigion ip the fve-guercetin ghyeosbdes found in the pesl, thres ciher unkncen Bavenoks
were also detected in ths study Commany, gheoosylalad quercetin = essentially laated in
e peed, Mm-nmnwm“rmlmumm fiegh, 'which s consistant wah
thase repocied previously. Cueroplin pheoosides in apple have been found to be about 13.2
mag per 100g P and 24 - 3080 mg kg1 RNV

Corsistent with the results obiained cn the apple cultivars grown im Mew Yook sale and in
Crdario (), we fcand thal phioridsn concenlralion in the peel was higher than (hat of
phioretin->-ovicglucoside and the other fwo phiaretin derbvatives. b was o or more fimes
higher than in the flesh, depsncing on the appls panobypes

Amthocyaning wene essentially located in apphe pesl. Cyvanidind.galactoside i the major
arthacyanin (21, prasent in red or partially red genotypes, 'SJCTT1 31" and "SI 084S
genalyDes were dark red and contained more cyanidinel-galacicaids than “SICT1 252
SJCAMERGATY, "Gala', "Galarina®, ‘Spartan’, ‘Cortland, and ‘Summeriand Mcirtosh', As
sapaited, i detecfablas anARSEVA NN WS found In ‘Reinstes FRustel and “5JC556° pasdy.
‘Aeineidte Russel apples were greenish-yellow sprinkled with lentece s and russet patches.
whareas the ‘SJCESE’ spoled ware yellow to gresnish-yellow with & Lghtty Blushed rad oa
sun side

TPC, a% measwed by the FC method, varned widely among penciypes. The TP for the
Besh and peel camples of the studisd apphés were comparable lo thoes previcusly repered
by [2). bn conlrarst, the TPC reporied by m French cider apphe vansties was in the range of
11 G000 mig epicaischin aqavalent per 100 g FY in the corbex of frésh frul, which wis
much higher wath resped bo the levels chserved in this shady

TP1 garve specific concentrations of dfferent polyphencic groups and indivdual compounds
Although TPC measured by the Folin-Clocallieu procedure does nal give a Nl pesture of (ha
quantiy and quality of phenalic sonsiduents in the extracls, this widely used method
provices & rapd and uselul cverall evaliuadion of The phencle canlan

Figura 1 shows the browning tendency of sslecied apple genobypes 4 days afler cufting
keeping al ambient {smparature EICAIEABATA panobype showed no browning

b the indusiry standard Corlland” and ‘Reinette Russel” which shersed the highest kevel of
barowaning. The gematypss "SICTT1Y, 'Galaing’ and 'SJCA4E" wers inlermadiate, OF
partkcular infprost wes chicrogenie acid and total flamnod content in the flesh of
'‘SICAIAREATL pemctype. The low chlorogensc acid and 2efo 1otal Bavanod conbent af
SICAIAREATE may be related 1o low browning and reguire further Envestigadion and
reasarch. indesd, chlorogenic acid and Savancls have been shown o be the maln
substrates of polyphenal penoxidase. whkh ls Imponant inapple inst processing. in the
presence of cxpgen and polphenal cuidase, chiorogenis acid and Sxvancls are comensd
into iw o-guinone, which further reacts with other phenollz compouncs, resulting in the
farmation of yellow and brown pigment. (1) concludad that the tendancy of apples studied to
brcevn was closedy refaded to the content of phenolics curing maturation and storage. This
regult i sspacialiy inbenesting B9 direct evidence shows that SMCAJBRGATY" could be
selecied on the basés of s poor senstivity to enoymatic browming, which affects the
cormmercial vatue of the frulls

This iberature provides variable figurss for the tolal antieaddant capacity of apples asiessad
by different methods. Total Ceoradical Scavenging Capacity {TCEC), Coygen Radical

Results (cont'd)

Asorbance Capacity {ORAC) and FRAP. Apples possessed sirong antkoxidant capacity in
this study ks dsmansiralad prasiausty (2) Thess results cleadly indicate that apples are an
excelent source of phenclics and therefore possess an saremely high antioaidant capacity.

Correlation anakyshs showed a high comelation between total phenclics (HPLG/FC) and
artioxidant capatity | FRAF) In both flesh and pesl, except for TPC of apple peel estermined
with FC method in this study. LRerature reports on the relaconship bebwesn total phenolics
and amtisxicant activities ane costradictony; whie sams authors have observed a high
coimelabion, others found a weak correlation or ng direct. cormedation, They concluded that @
Wit probabhy dus bo the other unguantiad phanolics andior synargism amang thsse
compounds and major phenolics,

in general our results showed a significant vanation m antioodant capacly and phenolic
compotban in selecled sppie genolypes. This investigation clearly shows e polenizal
valus of cestan adwanced lines resistant (o browning with betber marketabillty for esh-ct or
dried apple produtts.
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