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Chapterl: Introduction

Introduction

Chronicdiseasessuchasheartdiseasecancerpbesity,anddiabetesarecurrentlythe
prominentcauseof deathin the United States The Centerdor DiseaseControlandPrevention
(CDC) estimats that7 out of 10 deathsamongAmericanseachyeararefrom chronicdiseass
(CDC, 2010) Thesdong-termillnessescarry a substantiafinancial burden Accordingto the
CDC, theyareresponsibldor threedollarsout of everyfour dollarsthatis spenton healthcaren
theUnited State CDC, 2005) Theimpactof thesetypesof illnessess notrestrictedto
developedations TheWorld HealthOrganizatiofWHO) reportsthatchronicillnessescause
roughly 60% of all deathgylobally (CDC,2011) Significantresearchasbeendevotedo
finding novelmethoddor the preventiomandtreatmenbf chronicdisease

In 1992, researclsoughtto identify therelativelylow incidenceof chronicdisease
Franceasopposedo in the United Statesdespitethe Frenchdiet beingshownto be similar to
Americandietrich in saturatedatstypically associatedavith promotionof cardiovascular
diseaseThis phenomenomvastermedthe FrenchParadoxdeLange,2007) TheFrench
ParadoXedto increasedesearchegardinghe differencesdhetweerthedietsandlifestylesof the
Frenchand Americanpeople;the moststriking distinctionwasthefact thatthe Frenchwere
accustomedio consumingwine daily (Renaud& deLorgeril, 1992) More recentstudieshave
shownthatchemicalcompoundg$oundin grapesandwine, suchasresveratol, offereda possible

explanatiorto the FrenchParadoxDulak, 2005) andreinforcedtheimportanceof dietin the



preventionof chronicdiseaseResveratrols justoneof manypolyphenolicantioxidantfoundin
grapesandgrapeseedsandwill bediscussedn furtherdetailbelow.

Geneticpredispositiorandlifestyle/fenvironmenthoicesarethe two mainrisk factorsfor
chronicillnesses Sinceinnategenetictraits cannotbe altered effortstowardthe preventionof
long-termillnessfocusonimprovinglifestyles Risksfor developingchronicilinesseshasbeen
linked to oxidativestresswhich hasmultiple causesincludingoverexposuréo sunlight,
smoking,daily exposurdo certainchemicalsandimproperdiet. The humanbodyfunctions
throughcarefullymonitoredoxidationreductionreactionspothinsideandoutsidethe cells
Oxidativestresscanshift this delicatebalanceresultingin anelevatedevel of freeradicalsin
thebody(Henniget al.,2007)

Freeradicalsarevery reactivechemicalspecieghatexistin the humanbodyasa natural
productof metabolismandfunction Sustaineatlevatedevelsof oxygencenteredreeradicals
experiencedluring oxidativestresscanleadto uncontrolledandundesiredeactionghatdamage
themacromolecules cells,including proteins lipids, andDNA. Damageto thesemolecules
canresultin anincreasedisk of cancerandcardiovasculadiseasd€Seifriedet al.,2007).

Dietary choicesplay animportantrole in diseaserevention It is knownthatcertain
fruits andvegetablegontainphytochemicalsgssentiafatty acids,traditionalvitaminsand
minerals,andotherbioactivecompoundsHowever,the CDC releasedreportin 2005stating
thatonly 33% of Americanadultseatfruit two or moretimesdaily andonly 27%eatvegetables
threeor moretimesdaily (Blancket al.,2005) The phytochemical®f fruits andvegetablefiave
beenshownto reducetherisk of cancerandcardiovasculadiseaséLiu, 2003)

Thereis growinginterestin the healthenhancingole of certainfoodsandfood

componentsThis hasled to the developmenanduseof theterm Ofunctionafoods.OAccording
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to the Instituteof Food Technologist{IFT), a OfunctionaloodGs consideredh food that
providesanadditionalphysiologicalbenefitbeyondthatof its inherentnutritional value(Bidlack
et al.,2005) Functionalfoodscanbe specificallydesignedo incorporateantioxidantswhich are
chemicalswith the ability to scavengédreeradicalsandreduceoxidativestressn thebody
(Eastwo0d1999) As opposedo pharmaceuticalgtheyalsohavethe potentialto be produced
economicallyandmadeaccessibléo alargenumberof people.

Grapeseedsanbe exploitedfor functionalfood developmentasthey contributehealth
beneficialpropertiesandarea byproductof the juice andwine-makingindustries Most
antioxidantdoundin grapeseedextractsarepolyphenolic§Shiet al.,2003) Thekey typesof
phenolicsgpresenin grapesandgrapeseedsareproanthocyanidinsgnthocyaninsandresveratrol
(Bozanet al.,2008;Lafkaet al.,2007;Yilmaz & Toledo,2004) Studieshaveshownthat
proanthocyanidinBavepreventativeeffectsagainstcancerheartdiseaseandagingby
inhibiting malignantcell growth, delayingheartcell death,andmaintainingmembranentegrity
ascellsage(Prior & Gu, 2005;Karthikeyan et al.,2007 Nandakumaet al.,2008.
Anthocyaninsarethe pigmentswhich give grapesandgrapeseedsheir redandpurplecolor.
Anthocyaninshavebeenreportedo exhibit healthpromotingpropertiesjncludingantr
inflammationof bloodvesselsandreductionof plateletcoagulability,which mayreducerisks of
developingatherosclerosigninitial stepin cardiovasculadiseas€dMazza,2007) Studieshave
shownthatresveratrolaswell asanthocyaninsmay positively affecthearthealthby modulating
proteinsregulatingimmuneresponsesncludinginflammationof the vascularsystem(Falchett
etal., 2001;Taoet al.,2004) Overall,polyphenolicsaappeato be potentiallycapableof

preventingcancerandcardiovasculadiseases.
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In additionto polyphenolicsantioxidantfoundin grapeseedsncludecertainvitamins,
specificallyvitamin C (ascorbicacid) andvitamin E (tocopherols)Vitamins C andE, especially
whentestedn combinationhavebeenshownto positively affectthe healthof thosewith heart
diseaseinddiabetesVitamin E hasbeenreportedo increasehe efficiency of cholesterol
scavengindy monocytesThis propertymaybelinked to the preventionof atherosclerosigr
theaccumulatiorof plaquelining bloodvesseballs, thatcausesnanycardiovasculahealth
problemg(Cachiaet al, 1998) Also, treatmentautilizing vitamin C andE supplementslleviated
thesymptomsof Typell diabetegatientyChui & Greenwood2008)

Grapeseedsarealsoa sourceof healthyfatty acidsanddietaryfibers(Cao& Ito, 2003)
Someunsaturatedatty acidscontainedn grapeseedoil, suchasa-linolenicacid (" -3) and#
linolenicacid(" -6), areconsideredssentiafatty acidsbecausehey cannotbe producedoy
humangSmith,2007) Consumptiorof unsaturatedatty acidshasbeencorrelatedo areduction
of cardiovasculadiseasecancerhypertensionandautoimmunedisordergAronsonet al.,
2001). Additionally, dietaryfiber makesup a considerablgortionof grapeseedsaindpeeldN
about80% of their dry weight\ andhasbeenlinked with lower risks of heartdiseasegpbesity,
diabetesandcoloncancer(Go—iet al, 2005) Theadditionof grapeseedgo a staplefood may
increasehe quantityof fiber in thediet.

Grapeseedsareproducecenmasseasa byproductfrom wine andjuice production
industries However their disposahasbeenshownto negativelyimpactto the environment.
Grapeseedwastehashigh concentrationsf organic(carbonrich) substanceshe
decompositiorof this materialdecreasethe amountof oxygenavailableto otherorganisms,
resultingin detrimentaleffeds on the ecosystenmwheretheyaredisposedLafka et al, 2007)

Thereforejf grapeseedsvereadoptedasa functionalfood ingredienton acommerciakcale the

12



potentialexiststo raisethe agriculturalvalueof grapesandsignificantly decreas¢he amountof
wasteproducedoy thewine andjuice industriesminimizing the negativeenvironmentalmpacts
of grapeprocessing.

The purposeof TeamIMMUNE OgInnovativeMedicinesfor MaladiesUtilizing
NutraceuticaEnhancementgjrojectis to increasdheintakeof healthbeneficialcompoundsn
the Americandiet without dietarysupplementsWe exploredthe feasibility of incorporatingthe
antioxidantpropertieof grapeseedby-productsfrom the wine andjuice industryinto bread a
staplefoodin the Americandiet, in accordancevith the IFT definition of a functionalfood.
Specifically,cold-pressedtemperatureontrolledprocessingnethod)grapeseedlours andoils
wereused.The ultimateimpactof our projectcouldprovidea convenienavenueor reducing
medicalcostsincurredby chronicillnessesandintroducea new usefor otherwisewastefulby-
productsof alargeindustry.Our studyhasthe addedoenefitof increasingeconomicvalueof
grapeseedsyhich arecurrentlydisposedf asa wasteproductof wine andjuice production.

Our projecthadthreemainresearctobjectives First, we measuredhe healthbenefical
propertiesof five varietiesof cold-pressedyrapeseediours andoils (ChardonnayConcord,
Norton,RubyRed,andWhite) to determinewhich onehadthe highestpotentialfor development
of amodelfunctionalfood. We thenincorporatedhe seedflour andoil of this variety,
Chardonnayinto a breadproductanddeterminedhe optimal bakingtemperaturetime, and
flour compositiomecessaryo producea viablefinal breadproductthatretainsthe mosthealth
beneficialpropertiesFinally, we conductedaninstitutionalreviewboard(IRB) approved
sensoryanalysisof our producton freshmanGemstonestudentsat the University of Maryland

CollegeParkCampus.

12



Chapter2: AntioxidantPropertiesandPhenolicComponent®f Grape
Seeds

Introduction

Grapesareoneof thelargestfruit cropsin theworld, with approximately66 million tons
producedvorldwidein 2007,andover 6.1 million tonsproducedn the United Statesalone
(FAOSTAT, 2007). Approximately86.6%of freshgrapesareprocessedo producewine, jams,
andgrapejuice (Maier et al., 2009).Seedscomprise5% by-massof grapesandarea primary by-
productfrom grapeprocessingndustries Grapeseedsarecomposeaf 10-20% 0il, alongwith
fiber, protein,andothercomponentsincluding phenolicantioxidantgKim et al.,2006;Choi &
Lee2008).Investigationinto the healthbeneficialpropertiessuchasantioxidativecapacityis
importantfor developmenof valueaddedutilization of grapeseedgParryet al.,2006).A
numberof studieshaveinvestigatedantioxidantcomponent®f grapeseedsaandseedfractions
(Lutheret al.,2007).Antioxidantpropertiesof grapeseedsseedfractions,andindividual grape
antioxidantcompound$avealsobeenevaluatedThis reviewsummarizeshe available
informationon phenoliccomponentsn grapeseedstheir antioxidantpropertiesgffectsof post
harvestreatment®n grapeantioxidantsandanalyticalconsiderationgor grapeantioxidant

propertyestimation.
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PhenolicComponents

Total PhenolicContent

Grapeseedsarerich in phenoliccompoundsuchasanthocyaninsthe glucosidesof

anthocyanidingFig. 2.1A), catechin(Fig. 2.1B), andgallic acid (Fig. 2.1C).

Anthocyanidin R1 R2
Cyanidin OH H
Delphinidin OH OH
Malvidin OMe OMe
Pelagonidin H H
Petunidin OMe OH
Peonidin OMe H
Figure 2.1A
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OH

OH

R4

HO o =

oy,
/0R,

OH

OH

OH

R4

Catechin Epicatechin
Catechin Epicatechin R1 R2
(+)-Catechin (-)-Epicatechin H H
(+)-Gallocatechin (-)-Epigallocatechin OH H
(+)-Catechin3-gallate (-)-Epicatechin3-gallate H Gallate
(+)-Gallocatechir3-gallate (-)-Epigallocatechif3-gallate OH Gallate

Figure 2.1B

1A



COOH

OH OH

OH

Galllic Acid

Quercetin

o

transResveratro
Figure 2.1C

Figure 2. 1

Chemical structures of grape phenolic compounds. (A) Anthocyanidins{B) Catechins
(structureontheleft is a (+)-catechinskeletonwhile the structureon therightis an(-)-
epicatechirskeleton);and(C) Quercetingallic acid, andtrans-resveratrol.

17



Polyphenolicggenerallycontaintwo or morehydroxyl groupsattachedo a conjugated
ring systemsuchasabenzeneing. Polyphenolsontributeto the overallantioxidantproperties
of grapesandmay haveimportanthealthbenefits,including possiblepreventativesffectsagainst
cancer(Fan& Lou, 2004)andcardiovasculadisease¢$Zernet al.,2003;Zernet al.,2005).
Anthocyaninshavebeenshownto protectagainstipid peroxidatiorandDNA damagen rat
hepatomaellsin vitro, demonstratingotentialanticarcinogenipropertiegLazzZet al.,2003).
Flavanols suchascatechinhavedemonstratethhibitory effectson plateletreactivityin vitro, a
propertywhich mayreducetherisk of cardiovasculadiseasgPearsoret al.,2005) Gallic acid
hasbeenshownto exhibit selectivecytotoxicity in vivo againsta variety of humanandmouse
cancercells(Inoueet al.,1995).Additionally, grapeseedextractsrich in polyphenolicshave
beenfoundto reducebiomarkersof AlzheimerOm aratmodel(Thomaset al.,2009).This result
wassupportedy a separatdinding suggestinghatcatechindrom grapeseedextractsfedin a
controlleddietto ratswereableto crossthe blood-brainbarrier,asevidencedy heightened
levelsof catechinandepicatechirdetectedn the brainof ratsfed the grapeseedextractenriched
diet(Prasairet al.,2009).

Table 2.1 summarizeshetotal phenolic(TPC),total flavanol (TFC), andtotal
anthocyanin(TAC) contentsf selectedyrapevarieties estimatedisingspectrophotometric

methodsrom previousstudies.
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Table 2. 1

Total phenolic,flavanol,andanthocyanircontentof grapeseeds.

Variety TPC TFC TAC Reference

(mg GAE/g)  (mg/g) (mg

CGE/100 g)

Ebizuru 8.8" 1.3QE" ND Poudelet al.,2008
Ryukyuganebu 3.6 1.0QEF ND Poudelet al.,2008
Shiohtashibudou 13.6" 5.5QE" ND Poudelet al.,2008
Shiragabudou 16.5° 1.4QEF ND Poudelet al.,2008
Yamabudou 5.7° 0.8QE" ND Poudelet al.,2008
KadainouR-1 8.7" 0.9QEF ND Poudelet al.,2008
KadainouR-1x Bailey g 4r 0.7 QEF ND Poudelet al., 2008
AlicanteA.
Bailey Alicante A 17.97 0.9QE" ND Poudelet al.,2008
Muscatof Alexandria 54.97 1.0QEF ND Poudelet al.,2008
Merlot 105.7° 122.7CEP NA Bozanetal., 2008
Cabernet 103.7° 125.0CEP NA Bozanet al.,2008
Cinsault 88.1° 97.1CEP NA Bozanet al.,2008
PapazKarasi 154.6° 179.4CEP NA Bozanet al.,2008
AdaKarasi 137.5° 163.4CEP NA Bozanet al.,2008
HamburgMuscat 104.4° 105.7CEP NA Bozanet al.,2008
AlphonsoLavallee 105.3° 123.3CEP NA Bozanet al.,2008
Okuzgozu 139.4° 174.5CEP NA Bozanet al.,2008
Bogazkere 94.2° 95.0CEP NA Bozanet al.,2008
Senso 79.2° 89.2CEP NA Bozanet al.,2008
Kalecik Karasi 136.2° 147.7CEP NA Bozanet al.,2008
BronzeMuscadine 192326  NA 12g 7" Dostandonilaetal,
PurpleMuscadine 15.426.9%  NA 2278F  Dostandonilaetal,
Caberneauvignon 8.7" NA NA Guendezt al.,2005
Grenachdrouge 9.8" NA NA Guendezt al.,2005
Merlot 16.9" NA NA Guendezt al.,2005
Mandilaria 22.3° NA NA Guendezt al.,2005
Agiorgitiko 11.3 NA NA Guendezt al.,2005
Negoska 11.8 NA NA Guendezt al.,2005
Xinomavro 1.47 NA NA Guendezt al.,2005
Mavrodafni 4.0" NA NA Guendezt al.,2005
Limnio 14.17 NA NA Guendezt al.,2005

® rangefor five differentvarieties of bronzeMuscadinegrapes®: rangefor five differentpurple

Muscadinegrapes.

TPC:total phenoliccontent;TFC: total flavanol content;TAC: total anthocyanircontent;GAE: gallic
acidequivalentQE: quercetinequivalent,CE: catechinequivalent,CGE: cyanidin3-glucoside

equivalent®: dry weight;": freshweight; NA: notanalyzed\D: notdetected.
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In general TPCvaluesweredeterminectolorimetricallyusing Folin-Ciocalteu(FC)
reagentHowever,this methodmeasuresotal reducingcapacity andthusmayalsomeasure
othernon-phenolicreducingagentssuchasascorbicacid. Of thegrapevarietiesanalyzedPapaz
Karasiseedsontainedhe highesttotal phenoliccontentof 154.6mg gallic acidequivalents
(GAE)/gonaperdry seedweightbasis followed by Okuzgozuat 139.4mg GAE/g,andAda
Karasiat 137.5mg GAE/g (Bozanet al.,2008).0f thegrapeseedseportedon a perfresh
weightbasisthe seedf Muscatof Alexandriacontainedhe highesttotal phenoliccontentof
54.9mg GAE/g seedPoudelet al.,2008),followed by 32.6mg GAE/g in SummitMuscadine
(bronze)and26.9mg GAE/gin Noble Muscadingpurple)grapeseedgPastranaBonilla et al.,
2003).Underthe sameexperimentatonditionsthe pulp, skin,andwholefruit of Summit
Muscadinggrape(Table 2.2) containedabout0.22,5.41,and3.10mg GAE/g on afreshweight
basisrespectivelywhichis lessthanl, 20,and10%of thatin the seedgPastranaBonilla et al.,
2003).PastranadBonilla et al.,(2003)analyzedhe TPC of tendifferentvarietiesof Muscadine
grapesfive with bronzeskinsandfive with purpleskins. The seedf thefive bronzegrapeshad
TPCvalueof 19.232.6 mg GAE/g, whichwasmuchhigherthanthatof 3.0-5.5,0.21-0.25,and
1.7-3.1 mg GAE/g determinedn the skin, pulp, andwholefruit, respectivelyTable 2.2). The
total phenolican the seedsvere,on averagefive timesmoreconcentratedhanthatin the skin
and80 timesmoreconcentratedhanthatin the pulp on afreshweightbasis(Table 2.2),
suggestinghatgrapeseedsnay serveasanexcellentsourcefor dietaryphenoliccomponents
Notably,for the phenolicsto be availableto humansthe seedsnustbe groundprior to
consumptionn orderto exposehemto digestion;otherwise whole seedpassthroughlargely

undigested
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Table 2. 2

Total phenolic content, anthocyanin content, and antioxidant capacity of whole fruit and parts of Muscadine grapes.”

TPC TAC TEAC

(mg GAE/100 g) (mg CGE/100 g) (! M/g)
Variety Seed Skin Pulp Whole Seed  Skin Pulp Whole | Seed Skin  Pulp Whole

Fruit Fruit Fruit

Bronze Carlos 1920.3 5456  25.1 307.9 1.2 2.6 ND 0.9 204.6 149 34 18.2
Early Fry 2367.2 303.0 213 169.1 8.7 2.5 ND 1.1 277.8 139 2.0 11.2
Fry 2356.3 3322 238 199.0 4.6 0.8 ND 0.4 234.2 11.1 2.9 9.8
Summit 3258.7 541.0 223  309.7 3.1 2.8 ND 1.3 2454 124 3.0 10.2
Late Fry 1986.0 3489 24.0 2523 3.7 2.0 ND 1.1 218.9 134 24 15.4
AV 2377.7 4141 233  247.6 4.3 2.1 ND 1.0 236.2 13.1 2.7 13.0
Purple Paulk  1649.3 363.6  30.0 195.2 4.1 177.0 4.7 74.8 307.9 12.1 2.2 11.2
Cowart 2303.0 261.6 11.6 2142 4.6 107.8 1.1 37.8 325.5 124 2.7 21.7
Supreme 15355 3299  20.1 184.7 7.5 135.5 0.7 65.2 478.6 12.2 1.6 11.5
Ison 17262 365.0 26.0 2189 4.6 174.5 1.9 69.5 284.9 133 2.1 15.9
Noble 2685.3 355.1 33.4 4257 2.2 65.5 2.2 31.5 234.7 124 2.1 27.8
AV 1979.9 3350 242  247.7 4.6 132.1 2.1 55.8 326.3 125 2.1 17.6

“Data from Pastrana-Bonilla ef al. 2003
TPC: total phenolic content; TAC: Total anthocyanin content; TEAC: trolox equivalent antioxidant capacity; GAE: gallic acid
equivalent; CGE: cyanidin 3-glucoside equivalent; ND: not detected; AV: average value
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The TPC of grape seed flours, oils, and extracts have been investigated. In 2006, Parry
and others reported the TPC value of various fruit seed flours, including that of Pinot Noir and
Chardonnay grape varieties. Chardonnay seed flour exhibited the highest TPC with 186.3 mg
GAE/g flour, which was higher than that of Pinot Noir, and also higher than that of black and red
raspberry, blueberry, and cranberry seed flours (Parry et al., 2006). Bail et al., analyzed the TPC
values of nine European grape seed oils, and found that the highest TPC value was 0.1 mg
GAE/g seed oil whereas the lowest was 0.06 mg GAE/g oil, suggesting that grape seed oils may
not be a good source of phenolic compounds (2008). TPC of seed extracts of several Turkish
grape varieties were evaluated by Yemis and others (2008) and Narince grape seed extract was
shown to contain the highest total phenolic content with 587.3 mg GAE/g extract, while the
lowest TPC value was 339.5 mg GAE/g extract. In 2009, using HPLC, Maier and others
determined TPC of the intact grape seeds, seed oil press residues, and the seed flour which is the
byproduct of grape seed-oil extraction of seven varieties of Vitis vinifera. The seeds had TPC
values ranging from 188.7 to 1165.8 mg/kg dry matter (DM), which was statistically higher than
the corresponding values for the seed flour, ranging from 147.4 to 492.7 mg/kg DM, suggesting
that grape seed oil may contain significant levels of phenolic compounds, while the seed flour
may also serve as a dietary source of phenolics (Maier et al., 2009).

The highest reported total flavanol content (TFC) per fresh weight was found in
Shiohtashibudou grape seeds, at a level of 5.5 mg quercetin equivalents (QE)/g (Poudel ef al.,
2008), while Papaz Karasi contained the highest flavanol content on per dry seed weight basis,
with 179.4 catechin equivalents (CE)/g (Bozan et al., 2008). Table 2.1 provides a summary of
representative TFC values of grape seeds from several previous studies. The seeds, skins, and

pulp of Pinot Noir, Pinot Meunier, and the Chardonnay grape were analyzed with HPLC (Mané
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et al.,2007). The results showed that seed of the Pinot Noir, Pinot Meunier, and Chardonnay
grapes had TFC values of 75.1, 101, and 57.6 mg/g, respectively, on a per fresh weight basis,
which were much greater than that of 30, 24, and 21 mg/g detected in the corresponding skin
fractions, or that of 0.45, 0.26, and 0.36 mg/g in the corresponding pulp samples (Mané et al.,
2007). It needs to be pointed out that these TFC values are estimated using catechin, epicatechin,
epigallocatechin, or epicatechin-3-gallate as a standard reference compound (Mané et al.,2007).
In addition, Maier et al.,compared the TFC of seven grape seeds and their corresponding seed
flours, the residue from seed oil press, and showed that the seeds contained 4.39-18.78 g TFC/kg
and the seed flours had 2.5-13.5 g TFC/kg on per dry mass basis. The seed flour retained about
57-78.6% TFC after seed oil production, indicating that both whole seeds and seed flour, the by-
product from seed oil preparation, may serve as a dietary source of flavanoids (2009).

Total anthocyanin content (TAC) has been quantified for grape seeds in a number of
previous studies using a UV-visible spectrophotometer according to a pH-differential method.
The highest reported total anthocyanin content (TAC) was found in Early Fry Muscadine
(bronze) grape seeds (Table 2.2), with 8.7 mg cyanidin-3-glucoside equivalents (CGE)/100 g
fresh seeds (Pastrana-Bonilla et al.,2003). It was interesting that seeds of bronze Muscadine
grapes had a TAC value ranging from 1.2 to 8.7 mg CGE/100 g fresh seeds, whereas that of
purple grapes had a TAC range of 2.2-7.5 mg CGE/100 g fresh seeds (Pastrana-Bonilla et al.,
2003), suggesting that that TAC values of grape seeds could not be predicted by the
pigmentation in grape skins, although anthocyanin is the pigment responsible for the purple color
in both grapes and wine. The data, in Table 2.2, show that there were low levels of anthocyanins
in the seed and no anthocyanins detected in the pulp of the bronze varieties of Muscadine grapes.

The anthocyanin content was only slightly higher in the skins of these varieties on a fresh weight
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basis (Table 2.2). In the purple-skinned varieties of Muscadine grapes, the seeds and pulp
contained lower levels of anthocyanin at 2.2-7.5 and 0.7-4.7 mg CGE/100 g respectively, but the
skins had high concentrations ranging from 65.5 to 177.0 mg CGE/100 g on a per fresh sample
weight basis (Pastrana-Bonilla et al., 2003). Total anthocyanin content in the seeds of purple
Muscadines grapes was, on average, 1.3 times higher than that of the bronze grapes, while the
skins of purple varieties had about 65 times more anthocyanins than that of bronze varieties
(Pastrana-Bonilla ez al., 2003).

In summary, TPC values vary greatly in grape seeds and seed fractions, suggesting that
genotype and environmental conditions during growth may alter the phenolic component and
contents in grape seeds. For example, a recently published study by a group in China found that
Asian varieties of grapes yielded, on average, seeds and skins with lower levels of various
phenolic compounds than European varieties, and that hybrids of the two yielded grape seeds
that fell within the range (Xu ef al., 2010). In addition, a study reported in 2010 found that
organically grown grapes contained higher levels of anthocyanins, flavanols, and total phenolic
content than conventionally grown grapes, suggesting that growing methods may also
significantly affect the chemical composition of grapes, and therefore grape seeds (Mulero et al.,
2010). Overall, grape seeds appear to be an excellent source of phenolic compounds, and can

contribute significantly to the economic value of grapes for the viticulture industry.

Phenolic Composition of Grape Seeds

In addition to TPC, the quantities of individual polyphenolic compounds have also been
of interest to researchers because they may contribute to the overall and selected health

beneficial effects differently. For example, they may have different antioxidant properties.
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Catechinsanthocyaninsandotherphenoliccompoundsuchasgallic acidhavebeendetectedn
grapeseedgFig. 2.1) (Fuleki & daSilva, 1997;Kammerefet al., 2004;Guendezt al., 2005;
Montealegreet al., 2006;Maier et al., 2009).Table 2.3 showsthe concentrationsf major
polyphenoliccompoundseportedn grapeseedspnly a smallpartof the valuesfrom previous

studiesareincluded.
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Table 2.3
Polyphenolic composition of grape seeds.

Variety CT EC ECG EGCG B1 B2 GA
Cabernet Sauvigndh ~ 215° 89.3F 27.9° 6.5" 14.8° 11.3F 2.87
Grenache Roude 203F 86.8" 18.6" 9.5" 10.6" 6.1" 3.4F
Merlot? 183F 83.4" 58F 13.57 13.5° 17.6" 2.7F
Mandilaria® 454 249F 64.4" 15.6" 102F 69.2° 10.5°
Agiorgitiko 2 245F 172F 41.3° 10.9° 31.9° 36.1° 17.9°
Xinomavro® 36.7° 17.5° 0.1F 0.1F oF 0.1F 0.7F
Limnio 2 51.3° 20.17 13.8° 0.3F oF 0.1F 1.2F
Turkish Varietied 471-2580° 2491688°  32-1150° 79-255° 56-194° 41-160° NA
SpStburgundér 376° 612° 92° NA 499° 298° NA
Samtrof 464° 331° 198° NA 207° 273° NA
MYller-Thurgatf 217° 206° 80° NA 121° 121° NA
Kerner 88P 223° 41° NA 61° 116° NA
Schwarzriesling 238° 266° 169° NA 91° 122° NA
White grapé 12-50° 11-31° 1.36.7° NA 20-62° 1.93.3° NA
Red grapé 8.2-27" 6-21° 3.27° NA 7.417° 2.1-4.1° 0.7-1.0°
Vinifera ® 25-244° 24-193° NA NA 11-62° 29-93P NA
Hybrid ® 21-155* 23-284" NA NA 3-60" 9-106" NA
Labruske 37-58* 55-974 NA NA 7-114 29-75* NA
Weisser Riesling 79° 67.5° 45.8P NA 105.4° 50.6° NA

References - Guendezt al. 2005;” - Bozaner al. 2008;° - Maier et al. 2009;%- Montealegres al. 2006;° - Fuleki and Ricardo da Sil
1997;" - Kammererer al. 2005.

All quantities expressed in mg/100 g seed. CT-datechin; EC:-)-epicatechin; ECG:=)-epicatechin gallate; EGCG){
epigallocatechin gallate; B1: proanthocyanidin B1; B2: proanthocyanidin B2; GA: galli®adiy; weight;": fresh weight®: air diied;
NA: not analyzed.
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Of the varieties reported on a dry weight basis, the highest concentration of catechin was
found in the seeds of Okuzgozu variety at 2580 mg/100 g, and the highest epicatechin
concentration was found to be 1688 mg/100 g dry mass in Senso seeds (Bozan et al., 2008).
Okuzgozu and Kalecik Karasi grape seeds had the highest epicatechin gallate (1150 mg/100 g)
and epigallocatechin gallate (255 mg/100 g) contents, respectively (Bozan ef al., 2008), while the
highest proanthocyanidin B1 and B2 content was observed in Spatburgunder grape seeds
measuring up to 499 mg/100 g and 298 mg/100 g, respectively (Maier et al., 2009). Of the
varieties measured on a fresh weight basis, the most remarkable one was the seeds of Mandilaria
variety that had the highest levels of catechin at 454 mg/100 g, epicatechin at 249 mg/100g,
epicatechin gallate at 64.4 mg/100 g, epigallocatechin gallate at 15.6 mg/100 g, procyanidin Bl
at 102 mg/100 g, and procyanidin B2 at 69.2 mg/100 g, along with the greatest total
polyphenolic concentration and the second highest concentration of gallic acid at 10.5 mg/100 g
(Guendez et al., 2005). Catechin and epicatechin were, on average, the most abundant
polyphenolic compounds in the seeds of the analyzed grape varieties. Of the rest of the
compounds analyzed, proanthocyanidin B2 and epicatechin gallate were the next most abundant,
depending on the variety of grape and method of estimation.

Grape parts also may differ in the concentrations of individual phenolic compounds
(Monagas et al., 2003; Kammerer et al., 2004; Yilmaz & Toledo, 2004; Montealegre et al., 2006;
Iacopini et al., 2008; Huang et al., 2009). Table 2.4 compares the levels of catechin, epicatechin,
and procyanidin B1 in the seeds and skins of eleven grape varieties, including four red and six

white.
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Table 24
Polyphenolic composition afeeds and skins of red and white grape varieties.

Catechin Epicatechin Procyanidin B1
Variety Seed Skin Seed Skin Seed Skin
Weisser Riesling 2002 79.0° 22.7° 67.5° 13.5° 105.4° 19.2°
Riesling® 40.0° 1.4° 16.0" trace 62.0" 1.2°
Merlot® 24.0° 2.5" 21.0° 1.3° 17.0" 2.1F
Cabernet Sauvigndh 27.0° 1.7F 13.0F 0.6" 15.0F 1.2F
Chardonnay 39.0° 2.3F 31.0°7 0.6" 38.0" 2.3F
Sauvignon BlanB 20.0° 1.0° 13.0" 0.37 25.0" 1.6"
MoscateP 35.0" 1.6" 12.0F 0.3F 33.0° 2.1F
GewYrztraminet 50.0" 1.9F 15.0" 0.87 46.0°7 4.8F
Viogner® 12.0F trace 11.0F trace 20.0" trace
Cencibef 8.2F 2.2F 6.0" 0.8" 7.4F 2.2F
Shira?’ 12.0" 0.9" 13.0" 0.77 10.0" 0.8"

References® - Montealegre: al. 2006;° - Kammereret al. 2005.
All quantities expressed in mg/100 g seéeddry weight;": freshweight.
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Thetestedseedsxhibitedhigherlevelsof catechingpicatechinandprocyanidinB1 than
their correspondingkin sampleson a persampleweightbasisregardles®f grapeskin color
(Table 2.4). This observations supportedy theresultsfrom a numberof otherstudies
(Monagaset al.,2003;Yilmaz & Toledo,2004).In 2003,Monagasandcolleaguegxaminedhe
levelsof anthocyaningndflavanolsin the skin, seedsandwine of Tempranillo,Gracianoand
CaberneBauvignormgrapesPhenoliccompositiongliffered greatlybetweerthe skin andseeds
of samegrapesandbetweerseedsrom differentgrapesamplegfMonagaset al.,2003).The
seedsadhigherlevelsof all detectedlavanolandanthocyanircompoundghanthe
correspondingkin samplesForinstance,Tempranilloseedsontained-)-epicatechiratalevel
of 0.62mg/g,whereaghe skin hada (-)-epicatechirconcentratiorof 0.079mg/gon adry weight
basis(Monagast al.,2003).Anotherstudyby Yilmaz andToledoalsodetectechigherlevelsof
catechinin theseedsasopposedo the skinsof ChardonnayndMerlot grapeqYilmaz &
Toledo,2004).It wasalsoreportedrom this studythatseedf bothvarieties hadgreatergallic
acidconcentration$l5and10 mg/100gdry seedsomparedo 5 and3 mg/100g dry skin,
respectively¥or ChardonnayndMerlot grapeslt needgo be pointedout thatafew studies
reportedthe levelsof quercetinyesveratol, rutin, myricetin,cyanidinglucosideandother
phenoliccompoundsn grapeskins,butdid notreporttheir presencén the seedgPastrana
Bonilla et al.,2003;lacopiniet al.,2008;Huanget al.,2009).This indicatedthatgrapeseeds
may haveuniquephenoliccompositioncomparedo the skin partsandcouldbe utilized for

differentbeneficialeffects.
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TransResveratrol

TransResveratro(trans-3,5,4@rihydroxystilbenesometimeseferredto asresveratrol)
is apolyphenoliccompoundhaturallypresenin grapeskinsandseedgFig. 2.1C). Trans
resveratrohasbeenshownto havea numberof healthbeneficialeffectsincludinginhibition of
plateletaggregationantrinflammatoryactivity, antioxidantpropertiescapacityto reducethe
risk of cancerandcardiovasculadiseaseandpossiblelongevity promotingeffect(Howitz et al.,
2003;Woodet al.,2004;Yilmaz & Toledo,2004;Li et al.,2006;lacopiniet al.,2008).The
levelsof transresveratroin grapeseedsandskin wereinvestigatedLi et al.,2006 lacopiniet
al., 2008).Extractableor availableamountsof trans-resveratroin the seedsindskin of 120
grapevarieties grownin two yearshavebeencomparedLi et al.,2006).Methanolata solvent
solid ratio of 5 mL for eachgramof frozenseedsvasusedfor transresveratrokextractionat
25iCfor 48 hoursin dark.Resultsfrom this study, measuredisingHPLC-UV, showedthat
grapeseed<ontainechigh levels of transresveratro[Li et al.,2006).This studyalsoshowed
thatbothvarietytype andgrowing conditionsalteredits level in seedsandskin. Thelevel of
transresveratrolvariedfrom 1.06to 17.03! g/gin thetestedgrapeseedsandvariedfrom 0.56
to 145.11! g/gskinon perfreshweight(Li et al.,2006. Importantly,seedf somevarieties of
grapecontainedyreaterevel of transresveratrothantheir counterparskin samplesTaken
togetherthesedataindicatedthatgrapeseedsandskin may serveasdietarysourcedor trans
resveratrol.

In contrastarecentstudydetectedho transresveratroin the grapeseedswhile
significantlevel of transresveratrolvasfoundin grapeskin samplesinderthesame
experimentatonditions(lacopiniet al.,2008).Ethanol:water:hydrochloriacid (0.12M) at

70:29:1(v/viv) wasusedfor extractingresveratroandthe extractionwasperformedn 4 hours.
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While the difference in grape varieties could be a possible explanation for the absence of
extracted trans-resveratrol from grape seeds, it could also have been partially due to a different

extraction method.

Antioxidant Properties

Antioxidative Properties of Grape Seeds

Grape seeds have been shown to have antioxidative properties (Jayaprakasha et al., 2003;
Janisch et al., 2006; Kim et al., 2006; Yilmaz & Toledo, 2006; Bozan et al., 2008; lacopini et al.,
2008; Poudel et al., 2008). The seeds of V. vinifera variety Bangalore blue grapes grown in India
were analyzed for their capacity to reduce Mo (VI) to Mo (V) and to quench 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radicals (Jayaprakasha et al., 2003). The seed extracts exhibited dose-
dependent DPPH* scavenging property and reducing power under the experimental conditions. In
2008, defatted seeds of eleven grape varieties grown in Turkey were extracted with
acetone:water(70:30, v/v) containing 0.5% acetic acid at 50°C and the extracts were evaluated
for their free radical scavenging activities (Bozan et al., 2008). All eleven seed extracts showed
significant ability to directly react with and quench peroxyl (ORAC) and DPPH radicals (Bozan
et al., 2008).The greatest ORAC value was 3.0 mmol trolox equivalents (TE)/g dry seeds
determined in the Okuzgozu grape seeds, and the lowest ORAC value was 1.4 mmol TE/g for

Bogazkere seeds; a 2-fold difference (Fig. 2.2).
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Figure 2.2

Oxygen radical absorbance capacity (ORAC) of grape seed extracts. Adapted from Bozan et
al. (2008). Results were reported as millimoles of trolox equivalents per gram (mmol TE/g)

The DPPH radical scavenging capacity was reported using ECs values, which is the
required antioxidant concentration to quench 50% of the radicals in the system under the assay
conditions. The Papaz Karasi grape seeds had the smallest ECs value against DPPH radicals,
which represented the greatest DPPH radical scavenging capacity, whereas the Okuzgozu seeds
had an ECsg value of 2.89 ug/mL, the third strongest DPPH radical scavenging ability among the
eleven grape seeds (Bozan et al.,2008). DPPH radical scavenging capacity was also determined
for five wild grapes in another study (Poudel et al.,2008). Another study showed the DPPH" and
2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) radical (ABTS"") scavenging capacities of

12 varieties of V. vinifera grape grown in Turkey (Yemis et al.,2008). All tested grape seeds
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showedsignificantscavengingapacityagainstoothDPPH andABTS". While the different
grapevarietiesrankeddifferently in ABTS" scavengingindDPPH scavengingboth DPPH and
ABTS" scavengingapacitiesveresignificantly correlatedo thetotal phenoliccontentsof the
seedgYemisetal., 2008).In 2009,a studycomparedyrapeseedextractwith ascorbicacidand
chlorhexidinefor their ability to directly reactwith andquenchchemicallygeneratedABTS
cationradicals(Furigaet al.,2009).The grapeseedextracthadthe greatesABTS" scavenging
capacityunderthe experimentatonditions.Theseresultsindicatedthatthesegrapeseedsnay
differ in the contentandcompositionf their antioxidativecomponentsywhich might have
interactedwith peroxyl(ORAC), ABTS cation,andDPPHradicalsin differentmannersinder
theassayconditions It is alsowidely acceptedhatindividual antioxidantactivity assaysliffer
in their determinatiorprinciplesandantioxidantactivity estimationdependon theassays
selected.

Grapeseedshavealsobeencomparedvith othergrapepartsfor antioxidantproperties.
Thepulp, peel,andseedof redrosegrapefrom a Chinesdocal marketwerecomparedor their
ferric reducing/antioxidanpower(FRAP)usingFeSQ asthestandardGuoet al.,2003).The
seeddrada FRAP valueof about56 mmol/100g, whichwasmuchgreaterthan0.49and11
mmol/100g for pulp andskin, respectivelypn a perfreshweightbasis.In 2008,seedsaandskins
of tennative Tuscanandinternationared grapesamplesverecomparedor their DPPHradical
scavengingbilities (lacopiniet al.,2008).ThelCso values which arethe requiredantioxidant
concentratiorio quenchb0% of theradicalsin the assaymixturesunderthe experimental

conditionswereestimatedFig. 2.3).
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Figure 2.3

The antioxidants were extracted using ethanol:water:hydrochloric acid (0.12 M) (70:29:1,
v/v/v). The seeds of Sangiovese clone ISV RC1 and the skin of Merlot grapes had the strongest
DPPH radical scavenging capacity with the lowest same ICsy value of 1.74 mg GAE/L. In 2006,
Yilmaz and Toledo compared the peroxyl radical scavenging capacity (ORAC) for the seeds and
skin of Merlot and Chardonnay grapes (Yilmaz & Toledo, 2006). The seeds had ORAC values of
345 and 638 pumol TE/g for Merlot and Chardonnay grapes, respectively, which were much
higher than that of 70 and 103 pmol TE/g for the counterpart skin samples on a per dry weight

basis (Yilmaz & Toledo, 2006).
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Recently,ChoiandLee (2008)reportedthatatocotrienotrich fractionpreparedrom
CampbellEarly grapeseedshadscavengingapacityagainstABTS" andDPPH, Fe?* chelating
activity, reducingpower,andinhibition of linoleic acid oxidation.Theseresultsagreedwith the
observationgrom anearlierstudyshowingthat Chardonnagrapeseedfour extractcould
suppressveralllipid peroxidationrandpreventoxidativelossof longerchain! -3
polyunsaturatedhtty acidsin fish oil (Lutheret al., 2007).The seedflour wastheresiduefrom
seedoil preparatiorby cold-pressingThis studyalsodemonstrate@eroxylradicalscavenging
capacity(ORAC) of Chardonnayeedlours, which wasmorethan6 timeshigherthanthe black
raspberryseedlour onaperdry flour weightbasisunderthe sameassayconditions. DPPH
scavengingctivity of thegrapeseedextractat afinal concentratiorof 26 mg seedflour
equivalent/mLwassimilar to thatof the blackraspberryseedextract,andgreaterthanthat
observedor 50 ppmof the mixedtocopherolLutherer al., 2007).In addition,the cold-pressed
ChardonnayndPinotNoir grapeseediours wereevaluatedor their ORAC, DPPH
scavengingandFé&* chelatingcapacitiegParryer al., 2006).

Individual grapephenoliccompounds$iavebeeninvestigatedor their antioxidant
propertiesn humanlow-densitylipoprotein(LDL) (Janisctet al., 2006).A reduceddegreeof
LDL oxidationhasbeenassociatedavith alower plaqueformationin arterieg(Stocker& Keaney,
2004).Therequiredconcentratiorfor gallic acid,catechingpicatechirandprocyanidindB1, B2,
B3, C1landEB5to achievethe maximumlag time measure@sdieneformationwasdetermined
in the study.ProcyanidinEB5 wasthe mosteffectivecompoundo preventlipid peroxidationin

theLDL underthe experimentatonditions(Fig. 2.4).
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Figure 2. 4

Inhibitory effects of individual grape phenolic compounds on lipid peroxidation in human
LDL. Results were expressed in nanomolar of each phenolic compound required to reach
maximum lag time (adapted from Janisch etal., 2006). The lag time was determined by

photometrically tracking accumulation of conjugated diene formation through absorbance at A =
234 nm.
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Theability of thesecompoundgo quenchhydroxylandperoxylanionradicals
generallyfollowed the orderof suppressing.DL oxidation(Janischet al.,2006).Earlier
in 1991, catechingpicatechingpicatechirgallate,procyanidindB2 andB5 andC1,
procyanidinB2 gallate,aswell asprocyanidintrimer 2 andtrimer 3 showedperoxide
anionradicalscavengingapacityat pH 7.5andpH 9.0 conditions(daSilvaet al.,1991).
In 2008, individual grapephenoliccompoundsuchascatechingpicatechinyutin, trans-
resveratrolandquercetirwereshownto havescavengingapacityagainstOPPH and
peroxynitrite(lacopiniet al.,2008).In addition,gallic acidandcatechinwerereported
for their scavengingapacityagainstDPPH, peroxideanion(O,") andhydroxyl (HOY)
radicals,andtheir reducingpower(Sprangeet al.,2008).

Finally, transresveratrolvascomparedvith othergrapephenoliccompoundgor
antioxidantpropertiesTransresveratrokxhibiteda peroxylradicalscavengingapacity
(ORAC value)of 29.06umol trolox equivalent TE)/mg,while catechirhadan ORAC
valueof 20.53umol/mgunderthe sameassayconditions which wasfollowed by
epicatechingallocatechingallic acid,andellagicacidwith arangeof ORAC valuefrom
20.53to0 3.88umol TE/mg(Yilmaz & Toledo,2004).However transresveratrohada
weakerDPPHradicalscavengingapacitythanquercetincatechingpicatechinandrutin
accordingto their ICso valuesagainstDPPHradicals(lacopiniet al.,2008).

It needgo be pointedoutthatgrapephenolicantioxidantshaveshownother
beneficialeffectsbesidegheir antioxidativepropertiesThesebeneficialeffectsmay
includebut arenotlimited to anti-proliferativeactivity againsicancercells (Parryet al.,
2006;Choi & Lee,2008),antibacteriahctivity (Jayaprakashet al.,2003;Lutheret al.,

2007),lifespanextensionHowitz et al.,2003;Woodet al.,2004),andpreventionof
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cataractormation(Yamakoshiet al.,2002).Thesebeneficialpropertiesnaynotbe

mediatedoy their artioxidantactivities,but ratherby othermetabolicpathways.

Effectsof PostHarvestTreatment®n GrapeSeedAntioxidants

Effectsof ThermalTreatment

Thebioavailability of bioactivefood factorsis critical for their beneficialeffects.
Thebioavailabilitydepend®n their original concentrationn theraw ingredientsand
changesluring postharvestreatmentssuchaschemicalandbiochemicakeactions
duringstorageandingredientprocessingaswell astheir interactionswith other
componatsduringfood formulationandprocessingEffectsof thermaltreatmenbn
antioxidantavailability in grapeseedsasbeeninvestigatedKim et al.,2006).Whole
andpowderedgrapeseedgV. vinifera, CampbellEarly) wereheatedat 50, 100,150, or
200;C for 10,20, 30,40, 60,90,and120minutes.Theseseedpreparationsvere
comparedo the control,which arethe seedswithout thermaltreatmentfor their TPCand
antioxidantpropertiesAs shownin Table 2.5, TPCvaluesdecreaseth bothwholeand
powderedgrapeseedsn atemperatur@ndtime dependeniatterexceptthe powdered
seedkeptat50 jC, indicatingthe possibleossof phenoliccomponentsiueto thermally

inducedchemicalreactionssuchasoxidation.
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Table 2. 5
Effects of thermal treatment on total phenolic content (mM TAE) of whole and powdered\grapeférg Campbell early) seeds.

Heating Time
Temperature (min)
(°C) 0 10 20 30 40 60 90 120
WGSE
50 0.380 0.317 0.260 0.303 0.300 0.313 0.442 0.330
100 0.380 0.326 0.347 0.414 0.407 0.520 0.458 0.390
150 0.380 0.392 0.348 0.444 0.575 0.484 0.358 0.319
200 0.380 0.254 0.189 0.163 0.115 0.179 0.179 0.113
PGSE
50 0.380 0.344 0.332 0.451 0.424 0.444 0.400 0.515
100 0.380 0.555 0.296 0.359 0.375 0.378 0.418 0.185
150 0.380 0.340 0.417 0.427 0.483 0.407 0.319 0.196
200 0.380 0.190 0.185 0.269 0.160 0.151 0.067 0.064

® Referenced from Kinet al. 2006
TAE: tannic acid equivalents; WGSE: whgepe seed extra®GSE: powdered grape seed extract.
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It should also be noted that powdered grape seeds demonstrated a higher TPC
value than the whole seed counterparts at all time points when kept at 50 and at 100 °C
for 10 min, but the whole seeds had a greater TPC value than the powdered seed
counterparts when they were kept at 150 and 200 °C for 10-120 min, or at 100 °C for 20-
120 min. These results suggest that mild thermal treatment, such as heating at 50 °C for a
short time period, may enhance the extractable or available level of phenolics in the
powdered grape seeds. This also suggests that the seed matrix may protect phenolic
compounds during thermal treatment. This observation may be explained by the overall
effects of thermal cleavage of associations between phenolics and the seed matrix, and
the increased surface area of the powdered seeds (Meyer et al., 1997; Cheng et al., 2006;
Kim et al., 2006). Heat treatment has been shown to possibly increase release of phenolic
compounds as it may convert insoluble bound phenolic compounds into soluble phenolic
compounds (Kim et al., 2006; Moore et al., 2009).

Thermal treatment also altered the antioxidant property of grape seeds (Kim ez al.,
2006). As shown in Fig. 2.5, increase of the extractable DPPH radical scavenging
capacity was observed in whole and powdered grape seeds kept at 50 and 100 °C for 60
and 120 min, while heating at 200 °C for 60 and 120 min decreased DPPH radical
scavenging activity in whole and ground seeds (Kim et al., 2006). Kim and colleagues

(2006) also reported the alteration of reducing power of grape seeds by thermal treatment.
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Effects of thermal treatment and particle size on antioxidant stability in whole
and powdered grape seeds (adapted from Kim et al.,2006). The radical scavenging
activity was estimated by the formula: % DPPH radical scavenging activity = (1-
sample absorbance/control absorbance) ! 100%.
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Table 2. 6
Effects of different extraction times and crushing on total phenolic, anthocyanin, and flavanol contents of grape seed extracts.”

Extraction Time Total Phenolics Anthocyanins Flavanols
(mg GAE/L) (mg ME/L) (mg CCE/L)
Cab. Sauvignon (whole seeds)
1 min 565 718.0 0.0
l1h 686 696.0 0.0
4h 771 793.8 0.0
24 h 737 705.8 8.9
165 h (! 7 days) 890 746.4 0.0
Cab. Sauvignon (crushed seeds)
1 min 1780 791.7 133.7
l1h 1868 879.9 122.7
4h 1930 867.8 140.9
24 h 2015 856.2 156.0
165h (! 7 days) 2138 775.2 167.4
P. Sirah late (whole seeds)
1 min 1115 1708.2 59
l1h 1136 1483.6 0.0
4h 1163 1558.9 5.5
24 h 1183 1477.3 21.5
165 h (! 7 days) 1367 1564.7 99.4
P. Sirah late (crushed seeds)
1 min 1741 1337.2 93.4
l1h 1820 1644.2 101.8
4h 1966 1463.4 137.6
24 h 1964 1513.2 173.6
165 h (! 7 days) 2094 1344.0 168.0

* Data from Meyer et al. 1997
GAE: gallic acid equivalents; ME: malvin equivalents; CCE: catechin equivalents.
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Effectsof Particle Size

Particle size of the botanical materials including food and nutraceutical ingredients
may affect the stability of their important components during storage and post-harvest
treatments such as ingredient and food processing procedures (Cheng et al.,2006). In
2006, Kim and others theorized that reduction of particle size, through the grinding of
grape seeds, might contribute to the increased available amount of total phenolics kept at
50 °C (see Effectof ThermalTreatmentection). In addition to this observation, Meyer
and colleagues reported that crushed seeds might have higher levels of extractable total
phenolics, benzoic acids, flavanols, and cinnamates, but not anthocyanins, than their
whole seeds counterparts (1997). Under the same analytical conditions, crushed Cabernet
Sauvignon grape seeds had a TPC value of 1780 mg GAE/L and the TPC was 565 mg
GAE/L for the whole seeds (Table 2.6).

Effectsof StorageConditions

Storage conditions have been found to affect antioxidant properties in grapes and
grape seeds (Hatzidimitriou et al.,2007; Romero et al.,2008). Hatzidimitriou and
colleagues analyzed the effects of storage at three different relative humidity (RH) levels,
33, 53, and 75%, on TPC of grape seed extracts (2007). TPC decreased from 438 to 327
and 438 to 344 mg GAE/g dry extraction respectively for the grape seeds kept at 33 and
53% RH in 50 days, and dropped from 438 to 234 mg GAE/g for seeds stored at 75% RH
(Hatzidimitriou et al.,2007). DPPH* scavenging abilities of the grape seed extracts were

slightly reduced at all tested RH conditions. Interestingly, storage at either higher RH level
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or for longertime couldenhancehegallic acidlevelin the grapeseedsputwould reduce

both catechinandepicatechircontentgHatzidimitriouet al.,2007).

Considerationsn AntioxidantPropertyEstimationfor GrapeSeeds

Many factorsmayalterthe overall estimationof antioxidantpropertieof grapeseeds.
It is widely acceptedhatmistakesnadeduringsamplepreparatiorcannotbe correctedn the
lateranalyticalstepsIn 2005,Pineloandothersinvestigatedhe effectsof solvent,
temperatureandsolventsolid ratio on estimationof total phenoliccontentandradical
scavengingapacityof grapepomacestem,seedsandskin. The extractiontemperatureand
solventsolid ratio werecritical in the extractionefficiency of phenolicantioxidantgPineloet
al., 2005).1t wasalsonotedthatmethanolWwasmosteffectivefor phenolicextractionwhile
ethanolextractedhehighestlevel of solublematerialunderthe experimentatonditions,
suggestingheimportanceof solventtypein antioxidantpropertyestimation.This conclusion
wassupportedy findingsfrom arecentstudy(Yilmaz & Toledo,2006).Resultsfrom this
studyshowedthatmethanol ethanol andacetonewith differentlevelsof waterdifferedin
their capacitiesn extractingphenoliccomponentsérom grapeseedsandskin (Yilmaz &
Toledo,2006).Thecritical role of temperatur@ndsolventsolid ratio on phenolicextraction
from grapeseedsvasconfirmedby a kinetic studyperformedoy Buci¢-Koji¢ andcolleagues
(2007).In addition,pH andparticlesizemight alterthe extractionefficiency of phenolic
antioxidantd§rom grapeseedgJanischet al.,2006;Makris et al.,2007; Buci¢-Koji¢ et al.,

2007).
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Summary

Grapeseedsaindseedractionsmay serveasdietarysourceof naturalphenolic
antioxidantssuchasflavanols,anthocyaninsandsimplephenolicacids.Genotypegrowing
conditions,andpostharvestreatmentsnayalterthe contentof antioxidantsn grapeseeds.
This maybea challengan developinggrapeseedsbasecdhutraceuticalngredientsor human
utilization. Multi-mechanismsuchasradicalscavengingandchelatingreactionamay be
involvedin the antioxidativeactionsof thesephenoliccompoundsAdditional researchs
requiredto investigatetheir healthbeneficialeffectsandpossiblesideeffectsto promotetheir

applicationin improvinghumanhealth.

Incorporation Into Functional Foods

Functional Foods: An Overview

Thestudyof functionalfood is a popularandconstantlyevolvingareaof food
scienceThetermfunctionalfood hasbeendefinedby manydifferentorganizations
worldwide. Thereis no universallyacceptediefinition of thisterm, butthe International
FoodInformationCouncil (IFIC) andthe Instituteof FoodTechnologistgIFT) define
functionalfoodsasafood or food componenthathashealthbeneficialqualitiesbeyond
basicnutrition (InternationaFood InformationCouncil, 2009).More specifically,anIFT
reportextendedhe definition by statingthatfunctionalfoodsOprovideessentiahutrients
oftenbeyondqguantitiesnecessaryor normalmaintenancegrowth,anddevelopment,
and/orotherbiologically activecomponentshatimparthealthbenefitsor desirable
physiologicaleffects@Institute of Food Technologist2009). The AmericanDietetic

Association(ADA), ontheotherhand,believesall foodsarefunctionalto a certainextent.
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In this definition, functional foods are those “that include whole foods and fortified,
enriched, or enhanced foods have a potentially beneficial effect on health when consumed
as a part of a varied diet on a regular basis at effective levels” (American Dietetic
Association, 2009).

Political bodies, however, have been slow to resolve the controversy of defining
functional foods. The United States Food and Drug Administration (FDA) offers no
definition regarding functional foods. There is also no regulatory framework for foods that
are marketed as functional food in the United States, either. In fact, Japan is the only
country in the world that formally regulates functional foods as a distinct category
(American Dietetic Association, 2009). The phrase “functional food” was first used in the
1980s in Japan to refer to food fortified with special constituents that had positive
physiological effects (Kwak & Jukes, 2001). As functional foods have become more and
more popular in recent years, there has been increasing pressure on the FDA to define
functional food more clearly and regulate this $20.5 billion market (Burdock et al, 2006).
A similar situation exists in the European Union (EU). Under EU Food Law, no
framework for functional food regulation is available. Thus, the recent years have seen
calls for more definition and regulation of functional food in Europe, as well (Coppens et

al., 2005).

Antioxidantsn FunctionalFoods

Many nutrients have been added to functional foods with the purpose of improving
their health beneficial properties. Antioxidants, specifically, have been successfully

incorporated in a multitude of functional food products. Tortillas, for example, have been
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developed into a functional food, through the addition of antioxidant-containing bean flours.
In an experiment conducted by Anton and collegues, flours were prepared from four varieties
of bean (red, navy, pinto, and black) that were subsequently made into tortillas. In comparison
to a wheat flour control, the bean flour tortillas were found to have higher levels of protein,
total phenolic content (TPC), DPPH radical scavenging capacity, and ABTS cation radical
scavenging capacity (Anton et al., 2008).

Nutrients added to functional foods, however, are not always successful in increasing
the overall intended health-beneficial properties of the product. An example of this can be
found in a study of two foods, pan bread and sugar-snap cookies, which were supplemented
with the food additives red palm olein (RPOL) and red palm shortening (RPS), with the
intention of increasing the vitamin E content of these food products (Al-Sager ef al., 2004).
The results of this experiment showed that the total tocopherol content and the total
tocotrienol content of the breads (whole-wheat, brown, and white) were substantially lowered
in those containing 75% RPOL (192 and 407 mg/kg fat, respectively) or RPS (101.4 and 300
mg/kg fat, respectively), when compared to the bread samples made solely with control
shortening that had a TPC of 325.0 mg/kg fat and a total tocotrienol content of 468 mg/kg fat.
Similarly, total vitamin E content of the cookies containing 100% RPS (367.3 mg/kg fat) and
100% RPOL (489.9 mg/kg fat) was significantly lower than that of the bread containing 100%
control shortening (781.6 mg/kg fat) (Al-Saqer et al., 2004).

A number of factors influence the effectiveness of antioxidant properties in functional
foods containing added antioxidants. A study, for example, conducted by Moore and
colleagues (2009), analyzed the effect of specific processing conditions on the antioxidant

properties of a whole-wheat pizza crust functional food model. The research looked into the
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effects of these conditions on ORAC, hydroxyl radical scavenging capacity (HOSC), DPPH
radical scavenging capacity, ABTS radical scavenging, TPC, and ferulic acid content, of
whole-wheat pizza crust. The factors that were studied included bran particle size, dough
fermentation time, and baking time/temperature. Results showed that bran particle size had no
substantial effect on antioxidant properties. Similarly, little difference was noted when dough
fermentation time increased (except HOSC which increased a maximum of 28%). It was
noted that as baking temperature increased, from 204 °C to 288 °C with a 7 min bake time, all
antioxidant properties increased up to 82%. An increase in bake time from 7 to 14 min at 204
°C increased some of the antioxidant properties. These results show that the functional food
model (whole-wheat pizza crust) may have an increased antioxidant availability as dough

fermentation time, baking time, and baking temperature are increased (Moore et al., 2009).

Bread as a Functional Food Model

Bread has been shown to be an effective model for a variety of functional foods
including: antioxidants, fatty acids, anti-phytases, gluten, y-aminobutyric acid (GABA), and
fiber. Ingredients of bread can be substituted with little negative effect on rheological
properties or sensory quality (Saiz et al., 2007). Flour has been substituted with chickpea,
amaranth, quinoa, buckwheat, grape seed, flaxseed, barley, rice bran, wheat bran, sugarcane
bagasse, carob fiber, inulin, and pea fiber (Gill ez al., 2002; Sangnark & Noomhorm, 2004;
Penella et al., 2008; Conforti & Cachaper, 2009; Hu et al., 2009; Lin et al., 2009; Coda et al.,
2010; Peng et al., 2010). The novel bread products all were considered acceptable by sensory

panels, indicating the possibility of commercial applications of bread as a functional food.
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Additivesin BreadModels

Antioxidants

Increasedevelsof antioxidantan breadwereachievedwith additionof different
ingredientsaswell asnovelprocessingnethodsAddition of a chickpeaamaranth,
guinoa,andbuckwheaflour blendto a breadproduct,resultedn increasedevel of
phenolicsCodaetal., 2010).The non-conventionabreadproductalsounderwent
sourdoughermentatiorandexhibitedthe highestlevelsof phenolicsfollowed by non
conventionabreadbakedundernormalconditions wheatbreadexhibitedthe lowest
levels.Non-conventionabreadbakedunderboth conditionsalsoexhibitedhigh DPPH
radicalscavengingbility. SourdoughHermentatiorproduced -aminobutyricacid
(GABA), which functionsasanantihypertensivediuretic, tranquilizer,andprevents
diabetegCodaet al.,2010).

Wheatflour wassubstitutedvith unhuskedandhuskedbuckwheatHusked
buckwheabreadcontainednoreinsoluble” -glucan,which providesan
immunostimulatingeffect. Sensoryanalysisusingthe 7 point hedonicscalewherel, 4,
and7 respectivelyrepresentingtronglydislike, neitherlike nor dislike, andstronglylike,
showedhatall threebreadghuskedunhuskeduckwheatandwheatbreads)vere
acceptableéo consumersandboth huskedandunhuskeduckwheabreadsscorechigher
in flavor andmouthfeel thanthewheatbread.Theflavanoids rutin andquercetinvere
foundin substantiajuantitiesn huskedouckwheabread,andin smallerquantitiesin
unhuskeduckwheaiandwheatbreadproducts.The buckwheatnhancedreadalso
showedenhancedntioxidantpropertiesgspeciallyunhuskeduckwheabreadproduct

(Lin et al.,2009).
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Addition of grapeseedextractto white breadresultedn increasedntioxidant
activity anddecreasetkvelsof the detrimentalglycationendproductin bread V! -
(carboxymethyl)ysine (CML). CML is consideredhtoxoid in food andabiomarker
associateavith oxidativestressartherosclerosianddiabetesThegrapeseedoread
showedittle changean the sensoryanalysis.The bakingprocesseducedantioxidant

activity in the breadby 30to 40 % (Penget al., 2010).

Fatty Acids

Quinoaandflaxseed(linseed)breadwerepreparecandcomparedor
physiochemicapropertiesandunderweni sensoryanalysis.Theflaxseedoreadwas
higherin bothlipid level andcaloricvalue.Both breadswverelow in transfatty acids,
while flaxseedbreadexhibitedhigherlevelsof saturatediqnonounsaturated,
polyunsaturatedymega6 andomega3 fatty acids,aswell asalower omega6 to omega3
ratio. However,quinoabreadwasfoundto below in saturatedatty acids.Additionally,
consumergpreferredquinoabreadto flaxseedoread.During the bakingprocessfatty
acidsin bothflaxseedandquinoawerelost from the originalingredientgCalderelliez al.,

2010).

Fiber

While the classificationof fiber asa functionalfood is contesteda significant
amountof researcthasbeendoneon the subjectespeciallywith breadasthe model.
Substitutionof high-fiber grainscanincreasdiber contentin bread.Barley containshigh

levelsof soluble(digestible)fiber, with higherfiber contentin waxy barleyflour as
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opposed to regular barley flour. However, substitution of wheat with barley flour
decreased loaf volume and altered the color, firmness, and texture of the loaves. The
addition of barley yielded poor quality bread products. Changes were dependent on barley
variety (Gill et al.,2002). Wheat bread has also been supplemented with carob fiber,

inulin and pea fiber as sources of fiber. Carob and pea fiber led to softness in the bread
crumb, and the breads supplemented with these two fibers were judged as acceptable. All
three sources of fiber could be used to increase dietary intake. The level of soluble dietary
fiber was greatly increased with inulin-added bread. The fiber with the greatest potential
for increasing fiber intake, balanced with consumer acceptability was carob fiber (Wang et
al., 2002).

Additionally, different processing methods can lead to more nutritious functional
food products. Extrusion cooking allows for improvements in nutritional quality of dietary
fiber. Extrusion is most commonly used to produce breakfast cereals, and involves heating
food under a high degree of pressure, then pushing foodstuffs through a series of pores.
The use of extruded flour produced more favorable bread than using cooked flour (Gill et
al., 2002). Izydorczyk and others found that decreased particle size increased the
percentage of water soluble beta-glucans and arabinoxylans, increased starch damage, and
increased the level of free phenolics in fiber-enriched breads (2008).

Addition of fiber to bread products may have negative effects on the nutritive and
sensory properties; however, other compounds can be added to minimize these negative
effects. Phytic acid is a compound commonly found in plant seeds and grains that forms
insoluble complexes with cations, decreasing the bioavailability of nutrients like calcium,

magnesium, and potassium. The combination of adding bran and phytate-degrading
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enzymes allows for the increased fiber from bran without the negative effects of the
increased amounts of phytate from the bran (Penella et al.,2008). Sangnark and
Noomhorm (2004) found that combining sucrose ester and fiber allowed addition of fiber
without the great losses in consumer acceptability. Sugarcane bagasse was used for
addition of dietary fiber, and sucrose ester was added as an emulsifier to increase the
proportion of dietary fiber in white pan bread. Addition of fiber decreased loaf volume,
increased firmness, and negatively affected crumb color and bread texture, while addition

of sucrose positively influenced bread properties.

Diet andHealth Effects

Supplementation

With rising health care costs and research indicating that diet is directly correlated
with the incidence of disease, Americans have focused more attention on consuming their
daily nutrients through functional foods (Milner, 2000). However, supplementation along
with functional foods can provide a means for Americans to get the health benefits of
these nutrients and antioxidants within their diet.

The major determinants of the aging process are environmental and lifestyle
factors, particularly diet. With aging, the likelihood of disease is greater, and high levels
of oxidative stress and free radicals can cause many chronic illnesses, including arthritis,
cardiovascular disease, and cancer (Meydani, 2000). Recent research indicates that certain
nutritional supplements can counteract or minimize the effects of these diseases. Many
vitamins, including vitamin E, have been found to have antioxidative properties. Research

has shown that vitamin E is often supplemented with functional foods, and when
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consumed it can have positive cardiovascular and immune effects in the elderly. In one
study conducted, healthy subjects over the age of 60 who consumed 800 IU of vitamin E
over a one-month period were found to have reduced production levels of prostaglandin
ES (PGE2), a lipid based mediator molecule, and plasma lipid peroxide concentrations
(Meydani, 2000). The vitamin E supplementation was also shown to enhance cell-
mediated immunity.

The preventive effects of vitamin supplements on age-related diseases were also
observed in a study conducted by Zandi and colleagues (2004). In the study, researchers
examined the relationship between vitamins C, E, and B-complex supplements and
Alzheimer’s disease. The study was designed as a cross-sectional study of 4740 elderly
respondents, with notes made of their dietary supplemental use over a 5-year period. The
results showed that vitamin E used in combination with vitamin C exhibited the greatest
protective effects against Alzheimer’s disease. These results support previous study
findings that show that vitamin supplementation plays a key role in reducing the
occurrence of age-related diseases as a result of its antioxidative properties.

Antioxidants can also be supplemented into diets, and reduce oxidative stress in
the body. For example, in one study, patients with Type-II diabetes were given a 200-mg
I -tocopherol supplement over a two-month period. After the two-month period, the
antioxidant supplementation was found to have decreased blood-lipid peroxide
concentrations without affecting antioxidative activities of the patients (Park & Choi,
2002).

In other studies, antioxidants were supplemented into whole foods and their health

benefits were studied (Vattem et al.,2005). Fruits and vegetables have been found to
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decrease the incidence of disease, which has increased the desire to supplement diets with
the phenolic compounds that these foods contain. There is also evidence that suggests that
phenolic phytochemicals in whole foods are more beneficial to human health than
individual phenolic phytochemicals alone because of differences in bioavailability. As a
result, more research has been conducted on how phenolic compounds can be added into a
wider range of foods. For example, cranberries are a natural source of phenolic
compounds with antioxidants that have been shown to have positive effects against
urinary and cardiovascular diseases (Yan et al.,2002). By contributing their phenolic
compounds, cranberries might be used to enrich other functional foods and promote health
benefits (Vattem et al.,2005).

Another instance in which antioxidants were found to supplement diets can be seen
in tea extracts. Researchers sought to determine whether green tea polyphenols could exert
LDL-resistant effects in the body. LDL can react with free radicals and become oxidized.
In its oxidized state, LDL can damage tissue and underlying smooth-muscle cells, and
inflame arteries, which can result in atherosclerosis (Russell, 1999).

In a study by Miura and others (2000), male subjects were all asked to follow a
prescribed dietary regimen for two weeks. After the two week period, they were divided
into a control and experimental group, with the experimental group consuming 300 mg of
green tea polyphenol extract twice a day for a week. After the trial, it was found that
supplementation with green tea polyphenols significantly increased LDL resistance to in
vivo oxidation, and prevented antioxidative vitamins from being depleted. The
polyphenols were found to be useful in decreasing the risk of cardiovascular disease

(Miura et al.,2000).
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In astudyconductedn Finland,researcherdeterminedherelationshipbetween
flavanoidintakeandtheincidenceof lung cancer(Knektet al.,1997).The crosssectional
studyinvolved 9959menandwomenfrom theagesof 15to 99. After 24 years,
researcherbundthatthe meanflavanoidintakewas4.0 mg perdaywith intakeamounts
rangingfrom O to 41.4mg. Thosesubjectsvho consumedhe highestlevel of flavanoids
in their diet, which wasgreaterthan4.8 mg/dayof flavanoidfor menandgreaterthan5.5
mg/dayflavanoidfor women,reducedheirrisk for lung cancerby 50%. Specifically,
thosesubjectsvho consumedapplesaspartof their diethada decreasedsk for lung
cancerOverall,it wasfoundthattherewasaninverserelationshipbetweerflavanoid
consumptiorandtherisk for lung cancer(Knektet al.,1997).

Otherstudieshaveinvestigatedhe healthbenefitsof dietsenrichedwith
antioxidantsln a studyconductedy Rebrinandothers (2005)the effectsof two
differentdietarymixtures,oneconsistingof vitamin C, vitamin E, L-carnitine,andlipic
acidandanotherconsistingof vitamin C, vitamin E, andmicronutrientswith
bioflavanoids polyphenolsandcarotenoidswerestudied.Thefirst dietarymixturewas
fedto agroupof micefor 8 months,andthe seconddietarymixture wasfed to another
groupof micefor 10 months Both dietswerefoundto havereductiveeffectsin plasma
(Rebrinet al.,2005).Thefirst dietarymixturewasfoundto havelittle effectonthe
glutathione(GSH)redoxstatusin tissuehomogenatesr mitochondriaHowever for the
secondlietarymixture,genderandtissuespecificeffectson the glutathioneredoxwere
observedFor exampletherewasanincreasen serumcysteineconcentrationg female
mice,while GSHelevationoccurredonly in the homogenatesf malekidneyandskeletal

muscles.
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FunctionalFoods

Like dietary supplements, functional foods have been shown to have health
benefits. The components of functional foods may help to reduce the risk of disease by
cooperative and synergistic action (Shahidi, 2004). However, some antioxidants, such as
I -carotene, have been found to have no effect or even be detrimental in supplement form
because of a complex synergistic nature (Omenn et al., 1996). Consequently, functional
foods may provide a physiologically advantageous combination of antioxidants. Several
types of functional foods have been developed to fulfill a variety of needs. These foods are
also varied in the matrix used to acceptably deliver the as target nutrients.

By incorporating health beneficial compounds, commonly consumed food may be
modified into healthier products. Some of these functional foods have been found to have
significant physiological effects. In one study, biscuits were enriched with vitamin B12,
folic acid, vitamin C, and prebiotic fiber (Boobier et al.,2007). Subjects consumed four
biscuits per day in conjunction with their normal diet. After 28 days of eating the biscuits,
the levels of homocysteine and glucose in blood plasma, two factors that have been linked
to cardiovascular diseases, decreased.

Several studies have incorporated antioxidants into different food products to
achieve health benefits. Though providing similar benefits, products may differ in the
acceptability and bioavailability of the target antioxidants. Snack bars enriched with cocoa
flavanol were found to lower total and LDL cholesterol levels (Polagruto et al.,2006). The
study participants were given 2 servings per day for six weeks. Similarly, milk fortified

with phytosterols was found to reduce cholesterol levels in healthy and
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hypercholesterolemisubjectsafteronly 15 days(Goncalves: al., 2007).High blood
cholesterolevelscanleadto atherosclerosiandanincreasedisk of thrombosig Tapiero
et al., 2003).

Somestudieshavesubstitutedngredientswith healthbeneficialpropertiesn place
of ingredientghathavelittle to no valueaddedFishoil usedinsteadof margarinan
bread wasfoundto significantlyincreasehe quantityof long-chainomegas3 fatty acids
in bloodplasma(Saldeerer al., 1998).A sensoryanalysisvasperformedo determinethe
consumemrcceptabilityof the breadproduct.Very few peoplecould detectanaromaof
fish in the breadbakedwith fish oil.

Functionalcomponentsvereincorporatednto breadto yield prebioticandpre-aox
bread(Seidelet al., 2007).The prebioticbreadcontainednulin, linseedandsoyafibre,
while the prebioticantioxidantbread(pre-aoxbread) alsocontainedyreenteapowder,
herbsandtomatopaste All caloricintakeanddaily intakeof breadwaskeptthe same.
Theferric reducingability of plasmaincreasedftertreatmentvith the antioxidant
prebioticbreadin nonsmoker$ut showedno changen smokersCarotenoidsvere
increasedvith the prebioticantioxidantoread, andICAM-1 (a stressmarker)decreased
afterconsuminghe prebioticbread.This studyshowsthata breadproduct,evenafterthe

bakingprocessould potentiallyhavehealthbeneficialeffectsfor the consumer.

Summary
Functionalfoods,specificallya breadmodel,may serveasa dietarydelivery
sourcefor manyhealthbeneficialcompoundsHowever differentadditivesaffectthe

final productalongwith variables suchasbakingtemperatureandtime. This maybea
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challenge in developing a functional bread model with grape seed-based nutraceutical
ingredients. Additional research is required to investigate viability of a functional bread
model containing grape seed by-products, the health beneficial effects of such a product,

and possible side effects to promote their application in improving human health.
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Chapter 3: Chemical Composition and Health Properties of the
Selected Cold-Pressed Grape Seed Flours and Oils

Grape (Vitis vinifera) seed flours and oils may function as dietary sources of
antioxidants. In this study, chemical tests were performed to quantify the health beneficial
factors of Ruby Red, Norton, Chardonnay, Concord, and White grape seed oils and flours.
Flours were extracted with three solvents (70% ethanol, 50% acetone, or 70% acetone
with 0.5% acetic acid), while oils were extracted with 90% methanol. Extracts were then
tested for their total phenolic contents and scavenging ability against peroxyl, hydroxyl
and DPPH radicals, while oils were tested for carotenoid and tocopherol contents, fatty
acid composition, and oxidative stability. Lastly, the antiproliferative effects of the flour
and oil extracts were tested on HT-29 human colon cancer cells. Based on the resulting
data, the cold-pressed Chardonnay grape seed flour was identified as a potential functional

food ingredient deserving further analysis.

Introduction

The human body functions through carefully monitored oxidation-reduction
reactions, both inside and outside cells, that are used to maintain metabolism and general
health. Oxidative stress can shift the delicate balance of oxidation and reduction, causing
undesirable elevated levels of free radicals in the body (Hennig et al., 2007). Free radicals
are strong oxidative chemicals that are found naturally in vivo as products of metabolism
and are used advantageously in certain biological functions, including an important role in

the ability of immune system cells to protect against invading species. However, sustained
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elevated levels of free radicals can lead to uncontrolled and unwanted reactions between
free radicals and vital macromolecules in cells. For instance, free radicals can attack and
significantly alter the structure of DNA, which can lead to the development of cancerous
cells (Seifried ef al., 2007). There are many other mechanisms by which oxidative stress
can contribute to incidences of chronic illness. Antioxidants can alleviate oxidative stress
in the body by reducing hyper-reactive oxidative species, thereby restoring the chemical
balance in the body (Seifried et al., 2007).

It has been shown that grapes contain antioxidant compounds that have specific
health beneficial properties (Prior & Gu, 2005; Karthikeyan et al., 2007). Grapes contain
phenolic antioxidants, including resveratrol, anthocyanins, and flavanols, among others
(Kim et al., 2006; Choi & Lee, 2008). Consumption of these compounds is believed to
reduce the risk of certain human illnesses, including cardiovascular disease and cancer
(Fan & Lou, 2004; Zern et al., 2005). The seeds of the grape are rich in the phenolic
compounds that are believed to contribute to these health benefits.

The present study was conducted to investigate the chemical composition, free
radical scavenging capacity, and anti-proliferative activities of the cold-pressed seed flours
and oils of five different grape (Vitis vinifera) varieties: Chardonnay, Concord, Norton,
White, and Ruby Red. The data obtained from this study will be used to identify varieties
high in health-beneficial phytochemicals with potential for use as functional food

ingredients.
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Materials and Methods

Materials and Chemicals

Cold-pressedlbursand oilsfrom the five varieties of grape seeds were provided
by BotanicalOil Innovations Inc(Spooner,Wj. These seeflours werecomposed of the
solid residues remaining afteold-presgd seed oil productioand milling. Gallic acid,
2,2-diphenyt1-picrylhydrazyl radical PPPH'), Folin-Ciocalteu (FC) reagent;Iydroxy-
2,5,7,8tetramethylchroran2-carboxylic acid (Trolox)anda-tocopherol were purchased
from SigmaAldrich (St. Louis, MO). 2,2@zobis (2aminopropane) dihydrochloride
(AAPH) was obtained from Wako Chemicals USA (Richmond, \éx)d 30%ACS grade
H,O,was purchsed from Fisher Scientific (Fair Lawn, NJ). Ultrapure water was
manufactured by Cayman Chemical Cann Arbor, MI) and used in all experiments.
Cell culture medi@omponentsvere obtained from Invitrogen (Carlsbad, CA), and an
ATP-Lite 1step Luminescend&ssay System was obtained from Petkimer (Waltham,
MA). All other chemicals and solvents were of the highest commercial grade and used

without further purification.

Lipid Extraction

Grape seedflour was groundn a standard household coffee grinttea
consistency able to pass through adéshsieve Hexane was used to-fiat the sample at
a ratio of 1 g flour to 9 mL hexan€&he samples were centrifuged for 10 minutes at 3000
rpm. Vacuumfiltration wasused tacollect the sampleand emaininghexane was

evaporated in a nitrogen evaporator.
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Antioxidant Extraction

The grape seed flour samples remaining after hexane extraction were extracted
with three different solvents: 70% ethanol, 50% acetone, and 70% acetone with 0.5% (v/v)
acetic acid. Samples were extracted in a ratio of 1 g to 10 mL (Parry ef al., 2006). The
samples were vortexed three times for 30 seconds each. The samples were left on a 3-D
rotator for 18 hours in the dark, and centrifuged prior to decanting of the supernatant for
testing.

Grape seed oil samples were extracted with 90% methanol in a ratio of 1 gto 9
mL. The samples were vortexed for 4 minutes and placed in the centrifuge for 5 minutes at
1,000 x g. The supernatant was collected, and the oil sample was extracted with 90%

methanol two more times, and the supernatants were combined.

Fatty Acid Composition

Prior to gas chromatographic analysis, volatile derivatives of fatty acids were
prepared by saponification followed by methylation. This conversion of free fatty acids to
fatty acid methyl esters (FAME) was performed using a previously outlined laboratory
procedure (Yu ef al., 2002). The FAME samples were subjected to GC analysis to identify
the fatty acid composition of the grape seed oil samples, using a Shimadzu GC-2010 with
an FID, an AOC-20i injector, and an AOC-20S autosampler (Columbia, MD). Helium was
used as the carrier gas at a flow rate of 12.2 mL/min through a fused silica capillary
column SPTM-2380 (30 m x 0.25 mm with a 0.25 pm film thickness). Injection volume
was 1 uL with a split ratio of 10:1. Oven temperature was initially 136 °C, increased by 6

°C/min until 184 °C where it was held for 3 min, then increased again by 6 °C/min to a
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final temperature of 226 Ythe relativefatty acid profile of each variety wagtermined
by comparingsample peaks in triplicate to that of known standarasder to identify the

components.

Carotenoid/Tocopherol Composition

Thegrape seed oil for high performance liquid chromatography (HPLC) analysis
of carotenoids and tocopherolgre prepared by saponification according to a method by
Kurilich & Juvik (1999) with modificationsOne mL of ethanol with 0.1% BHT was
added td3 mL of oil extract. Thesamplesvere placed inra85 jC water bath for 5
minutes, after which 2 mL of 2 M KOH was addé&tie samplesvere vortexed and
returned to the water bath for 10 minuteissaponification. Immediately after
saponification, the test tupsvereplacedin an ice bath, and 1.5 mL of 3 M NaCl and 1.5
mL of methyltert-butyl ether(MTBE) were added to eadample Sampls were vortexed
and centrifuged at00 gO®r 10 minutes. The supernatant was decattt@dnew tube
The MTBE wash was repeateglice more, and the supernatants were combined
Deionized watewas therused to wash theombined supernatant§he MTBE was
evaporated and the residue wadissolvedwith 1 mL of MTBE (Kurilich & Juvik, 1999).

HPLC analysisvas completed with the prepared samples in triplicate to determine
carotenoid and tocopherol compositiasing a Shimadzu LQOAD modelwith SPD-20A
UV detector{Columbia, MD) The wavelength of the UV detector was set at 450 nm.
Mobile phase A was methaliMTBE/water (81:15:4v/v/v) and mobile phase B was
methanol/MTBE (9:9V/v). Theseparation was achieved using a linear gradient of 100%

of A to 50% A and 50% B in 45 min, followed by 100% B for 10 meinvash the column
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and 100% A for 5 min to re-equilibrate prior to the next injection. The flow rate was 1.0
mL/min with a column temperature of 25 °C and an injection volume of 30 L.
Carotenoids and tocopherols were quantified using comparisons of HPLC retention time

and peak area of known concentrations of purchased standards.

Total Phenolic Content

Folin-Ciocalteu (FC) reagent was used to determine the total phenolic content
(TPC) of the grape seed flour and oil extracts following a previously described laboratory
procedure (Yu et al.,2002). A 50 ! L sample of each of the grape seed flour and oil
extracts was mixed with 250 ! L FC reagent, 750 ! L 20% sodium carbonate, and 3 mL of
Ultrapure water. After reacting for 2 h at ambient temperature, absorbance was read at 765
nm on a Thermo Spectronic Genesys spectrophotometer (Waltham, MA). A separate
standard curve was created for each extraction solvent using gallic acid. Results were
reported as mg gallic acid equivalents per g of grape seed flour or oil, and were measured
in triplicate for each sample. Sample extracts were diluted in extraction solvent as

necessary to fall within the range of the standard curve.

Oxidative Stability Index (OSI)

OSI values were determined using a 743 Rancimat Metrohm (Herisau,
Switzerland). The oxidation reaction was carried out at 86 °C with an air flow rate of 7
L/h, and 60 mL of deionized water in each of the measuring vessels. Samples were tested

in 6 mL aliquots of the grape seed oil. Commercial canola oil was used as the control.
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Oxygen Radical Absorbance Capad¢iBRAC) Assay

ORAC values were determined for grape seed flour extracts following a previously
described protocol (Moore et al.,2005). Trolox standards were prepared in appropriate
solvents matching the grape seed flour extract being tested. All other reagents were
prepared in a 75 mM sodium phosphate buffer (pH 7.4). A 225! L aliquot of freshly made
8.16 x 10™® M fluorescein solution was mixed with 30 ! L sample, standard or blank in a
black 96-well plate and pre-heated at 37 °C for 20 minutes. After pre-heating, 25! L of
freshly made 0.36 M AAPH was mixed into each well, and the fluorescence of the
reaction mixture was measured using a Victor’ multilabel plate reader (Perkin-Elmer,
Turku, Finland) once every two minutes for two hours at 37 °C, with an excitation
wavelength of 485 nm and an emission wavelength of 535 nm. Sample trolox equivalents
(TE) were estimated based on the area-under-the-curve (AUC) method used by Ou and
colleagues (2001). Results were reported as pmol of TE per g of defatted, cold-pressed

grape seed flour, and were measured in triplicate for each sample.

Hydroxyl Radical Scavenging Capacity (HOSC) Estimation

The HOSC assay was also conducted using fluorescein as the fluorescent probe
and a Victor’ multilabel plate reader (Perkin-Elmer, Turku, Finland) according to a
previously reported laboratory protocol (Moore et al.,2006). In brief, 30 ! L of sample
standard or blank was reacted with 170 ! L 0f9.28 x 10° M fluorescein, 40 ! L of 0.1990
M H;0,, and 60 ! L of 3.43 M FeCl; in black 96-well microplates. The fluorescence of the
reaction mixture was recorded approximately once every 260 seconds for up to seven
hours at ambient temperature, with an excitation wavelength of 485 nm and an emission

wavelength of 535 nm. Standards were prepared in appropriate solvents matching that of
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the flour samples being tested. Fresh %28 M fluorescein solution was prepared for
each assay from stock solution and 75 mM sodium phosphate buffer (pH 7.4). Trolox
equivalents (TE) of each sample weadcalated following the same AUC method used
for the ORAC TE estimatiorMooreet al.,2006). Results were reported as micromoles of
TE per gof defatted cold-pressed grape seed flour, and were measured in triplicate in

each sample.

DPPH Scavengingdctivity

Free radical scavenging activity was determined according to a previously reported
procedure by Yand colleaguestilizing stable 2,diphenyt1-picrylhydrazyl (DPPH)
radicak (2003) The reaction consisted of an equal mixture of freshly peelpE00! M
DPPH solution and grape seed extract, primed to a total volume dfl2@®a clear, flat
bottomed 96well plate The absorbance was measured at 518very 1.5 minutes for 40
minutesand compared against a standard curve consisting of stioods of 6hydroxy
2,5,7,8tetramethylchromag-carboxylic acid (Tolox) between 10 M to 35! M using
solvent as the blank. Measurements were tals@ry aVictor® multilabel plate reader

(PerkinElmer, Turku, Finlang. Results are presentedjasol TE/ gflour or oil.

Anti-proliferative Activity against H-R9 Cells

The antiproliferative test was adopted from a posly described experiment
(Wanget al.,2007. The HT-29 human colorectal adenocarcinoma cell line was cultured
in a humidified incubator &7 (C and 5% C@ The cell culture media contained
McCoyOs 5A medid0% fetal bovine serunand 1% antibiotic/antimycotic solution.

Cells were grown to 95% confluence and then platecb@0zZells/well in a black 9@vell
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viewplate for experiment. After 24 h, the growth medium was replaced with 100 uL of
either the control or treatment medium. An ATP-Lite 1step Luminescence Assay System
for Perkin-Elmer was used to determine the amount of cell proliferation prior to treatment
and at 4, 24, 48, 72, and 96 h after the initial treatment. Plates were permitted to
equilibrate to room temperature for a period of 30 mins before the reading was taken.
Immediately before the reading was taken on a Victor’ multilabel plate reader, 100 pL of
reconstituted ATP-Lite 1step Luminescence was added to each well. The cell media was
replaced with a fresh treatment or control solution every 24 h.

Treatment Media Preparation. To prepare the treatment solutions for anti-
proliferative tests, grape seed oil extracts in 90% methanol were evaporated in the
nitrogen evaporator at 40 °C until only water and extract remained. These samples were
freeze-dried to remove the water. The flour extracts in 70% ethanol were also evaporated
in the nitrogen evaporator at 40 °C. Dried extracts were then dissolved in DMSO.
Treatment media were prepared by mixing DMSO extracts and cell growth media, which
were then passed through 0.2 um retrograde cellulose syringe filters. Cells were treated
with three different doses of grape seed flour and oils: 0.99, 2.0, and 9.9 mg grape seed
part equivalent/ mL. All treatment doses contained the same amount of DMSO, including

the vehicle control.

Statistical Analysis

Each assay was conducted in triplicate, with data reported in tables and figures as
mean =+ standard deviation. Differences in means between samples were determined using

one-way ANOVA and Tukey’s post hoc analysis. Statistical analysis was performed using
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SPSS software for Windows (version rel. 10.0.5, 1999, SPSS Inc., Chicago, IL). Statistical

significance was defined at P! 0.05.

Results and Discussion

Fatty Acid Composition

As shown in Table 3.1, cold-pressed oils from different varieties of grape seeds
have similar fatty acid compositions, differing only slightly in their components. A
number of fatty acids have health-promoting attributes. Linoleic acid (18:2) is found at
high levels in the different grape varieties, and studies have shown that consumption of it
may lead to a decreased risk of ischemic stroke (Iso et al., 2002). Linoleic acid was
measured in comparable quantities across the 5 types of grape seeds, ranging from 64.89
to 75.22 g/100 g oil in the grape seed oils, and Concord grape seeds were shown to contain
the highest amount (Table 3.1). The linoleic acid data obtained falls within the range of
previously demonstrated values of 50.1 to 77.8 g/100 g oil (Yu et al., 2005). It was
determined that each grape variety had similar oleic acid (18:1) compositions, ranging
from 14.85 to 22.99 g/100 g oil, showing a slightly higher level in the Ruby Red variety
(Table 3.1). These results show that while each of the oils obtained from the different
grape varieties had slightly different fatty acid profiles, each fatty acid was present in
similar overall proportions in all of the different samples. Based on fatty acid contents, no

one grape seed oil stands out above the others as a better functional food ingredient.
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Table 3. 1
Fatty Acid (FA) Composition of the Studied Cold-Pressed Grape Seed Flours (g/100
g oil)*

FA Chardonnay Concord Norton Ruby Red White

16:0 7.24+ 0/01 6.84+ 0.01 7.62+0.01 6.87+0.01 7.25+0.01
18:0 3.87+0.01 2.79+ 0.01 4.19+£0.01 4.64+0.01 3.92+0.01
20:0 0.19+0.01 NA 0.19+0.01 0.17+ 0.01 0.17+0.01
16:1 0.09+0.01 NA 0.08+0.01 0.05+0.01 0.08+0.00
18:1 19.79+0.02 14.85+0.01 16.79+0.00 22.99+ 0.00 15.96+0.02

18:2 68.59 £0.01 75.22+0.04 70.71+0.01 64.89+0.01 72.35+0.01

18:3 0.22+0.01 029+ 001 042+0.01 0.19+£0.01 0.26+0.01

*Values are based on triplicate readings. Data were expressed as mean = SD
(n=3). SFA: saturated fatty acids. MUFA: monounsaturated fatty acids. PUFA:
polyunsaturated fatty acids. na: not analyzed.

Carotenoid/Tocopherol Composition

The carotenoid and tocopherol contents of the grape seed oils are summarized
in Figure 3.1. The grape seed oils were analyzed for a-tocopherol and two carotenoids:
lutein and B-carotene. Both carotenoids and tocopherols are antioxidants. The oils from
the various grape seeds were evaluated for their a-tocopherol contents. All oil samples

contained a-tocopherol, with the lowest value detected in the Concord grape seed oil at
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10.65 pg/g oil, and the highest value detected in the Ruby Red grape seed oil at 87.09 ug/g
oil. Lutein and3-carotene were also detected ihadithe grape seed oil$he
consumptiorof lutein has also been linked to an increase in pigmentation in the macular
region of the retina, which decreases the risk for certain eye diseases, including light
induced retinal damage and agéated macular degeneration (Landr&rBone, 2001)
Lutein was found to be the most abundant carotenoid compound present in the grape seed
oils for all five varieties. Specifically, the greatest lutein content was found extreet
of the White grape seal at 41.67 pug/dFigure 3.1). These results amomparable to a
previous study that also reported lutein as one of the primary carotenoids found in grapes
(Guedes de Pinhet al.,2001).In contrastp-carotenevas foundo bethe leasabundant
of the measured lipophilic antioxidants

The oil from allfive grape seed varieties contained both carotenoid compounds,
with the Norton grape seed oil sample having the highest total carotenoid content at 68.84
ug/g, followed by the oil of the White grape seed at a total carotenoid content of 60.32
Hg/g. The Wite grape seed oils contained the greatest difference of carotenoids with
41.67 g /g oil of lutein and 18.65 pg/g oil[®carotene. The Concord grape seed oll
contained the least amount of both lutein frwhrotene, at 7.39 and 4.23 pg/g oil
respective} (Figure 3.1).

There was no correlation between carotenoid and tocopherol coGempe. seed
oils containing higher carotenoid amoudid not recessarily correlate to higher
tocopherolamountsFor exampleRuby Red grape seed oil was found to hidneehighest
amount ofa-tocopherol, yet contained one of the lowest amounts of carotenoid

compounds. Concord grapeed oilwas found to have the lowestounts oboth
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carotenoid and-tocopherol compounds. The data indicates that grape seeds of different
varieties generally contain varying levels of carotenoidscatetopherolput all varieties

do contain at least some oftbhaarotenoids and tocopherols. Based on carotenoid and
tocopherol data, different grape seeds could be used as a functionaigaemtient; the

Ruby Red and Chardonnay varieties!fetocopherol, and Norton and White varieties for

carotenoids.
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Figure 3. 1

Composition of ! -tocopherol and carotenoids in grape seed oils. Values are expressed
as micrograms of analyte per gram of grape seed oil. Mean and standard deviation are
shown (n = 3)The black boxesepresent -tocopherolgrey boxesepresent lutein, and
white boxegepresent betaaroteneFor each analyte, valuesarked with the same letter
do not differ significantly (n = 32 < 0.05).

71



Total Phenolic Content

The TPC values of each grape seed flour extract are shown in Figure 3.2. The TPC
of the grape seed oil extracts were tested, but levels were too low to be quantified.
Chardonnay grape seed flour showed the highest level of total phenolics in all extraction
solvents, followed by Ruby Red, and White varieties. Concord and Norton contained the
lowest total phenolics and contained statistically the same amounts for all three solvents.
Grape seed flour samples extracted with 50% acetone exhibited the highest levels of
phenolics; the greatest was Chardonnay with a TPC value of 129.8 mg gallic acid
equivalent (GAE)/g flour. Norton exhibited the lowest TPC value at 17.4 mg GAE/g flour
when extracted with 50% acetone (Figure 3.2).

Extraction with different solvents yielded differing estimations of phenolics.
Chardonnay seed flour extracted with 50% acetone, as discussed above, had significantly
greater level of phenolics (129.8 mg GAE/g flour) than Chardonnay seed flour extracted
with 0.5% acetic acid in 70% acetone (105.9 mg GAE/g flour). The solvent, which
consistently extracted the lowest levels of phenolics, was 70% ethanol, with a TPC value
of 74.5 mg GAE/g flour for Chardonnay seeds. Varying levels of phenolics with different
extraction solvents indicate 0.5% acetic acid and 70% ethanol are not extracting phenolics
present as well as 50% acetone (Figure 3.2).

White or light grape varieties have been shown previously to have a higher total
phenolic content than red or purple grape varieties (Pastrana-Bonilla ez al., 2003).
Chardonnay seed flour (a white grape) exhibited a TPC value of 186.3 mg GAE/g flour,

which was higher than all other fruit seeds in the study (Parry ef al., 2006). Chardonnay
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seed flours also contained the highest TPC of the 5 grape varieties in the present study.
Grape seed oils are known to have low levels of phenolics, ranging between 0.06-0.1 mg
GAE/g seed oil (Bail et al., 2008), which may explain why their levels were undetectable
using the method of the current study. Yilmaz and Toledo (2006) showed the total
phenolic content of grape seeds was affected by extraction solvent. In their study,
extraction with 50% acetone solution exhibited a greater TPC value than extraction with
70% methanol solution; a 0.5% acetic acid solution was not compared (Yilmaz & Toledo,
2006). Variations in phenolic content of grape seed flours can also result from variations
in genetics and growing conditions. Based on TPC data, Chardonnay seed flour was a

frontrunner candidate as a functional food ingredient.
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Figure 3. 2

Total Phenolic Contents of Grape Seed Flours. Values were determined
spectrophotometrically using FolfDiocalteureagentGallic acid was used as the
standardResults shown a®g of gallic acid equivalenf§&GAE) per g grapeseed flaurhe
black columns represent an extraction solvem(8b acetone ith 0.5% (v/v) acetic acid,
thegreycolumns represent 50% acetpard thewvhite represents 70% ethanblor each
solvent listed, values marked with the same letter do not differ significantly (R = 3;
0.05)

Oxidative Stability Index (OSI)

Grape seed oil from the Norton, Ruby Red, White, and Concord varieties showed
significantly increased Oxidative Stability Indé2SI) compared to the canola oil control.
OSl is ameasurement taken of oils under accelerated oxidation condltibissthe time
at which an oil experiences theaximumchange in the rate of oxidatiof higher OSI

value(i.e., a longer time to reach the maximum change in the rate of oxidation) is
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indicative of a better shelf life. It is an indicator for the durability of the oil during storage
(American Oil Chemist Society (AOSC), n.d.). This is an important factor when
considering the shelf life of our product. As seen in Figure 3.3, the Norton and Ruby Red
varieties exhibited the highest OSI. To make realistic comparisons, canola oil was used as
a comparative control, as this oil is commonly used.

OSI is determined by a variety of properties inherent to a food, including presence
of polyunsaturated fatty acids (PUFA). OSI is inversely related to oil’s PUFA content, as
unsaturated fats are more easily oxidized. OSI is also determined by the tocopherol
content of the oil, and in general more tocopherol is correlated with a higher OSI value,
though the relationship is not linear (Tappel, 1998). The data indicated that Ruby Red oil
has the lowest PUFA content and high tocopherol content, we observed a relatively high
OSI value for Ruby Red grape seed oil. Norton, which had a low PUFA content and
relatively low tocopherol content, had a high OSI value. The OSI value for the
Chardonnay variety was unexpectedly low, falling below that of canola oil despite its low
PUFA content (which was lower than that of the Norton variety) and high tocopherol

content.
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Figure 3.3

Oxidative Stability Index (OSI) of grape seed oilsThe OSI forthe coldpressedyrape
seed oils of each variety andnola oil control wex measured and the hours until
oxidationarerecordedFor each analyte

Antioxidant Properties

All grape seed flouextract exhibited scavenging capacities against peroxyl
(ORAC) and hydroxyl (HOSC) dhicals. Chardonnay grape seed flour was consistently
present in the highestatistical group foantioxidant activity in every solvent testd|!(
0.05) Figures 3.4 & 35). For HOSC in 70% ethanol and 50% acetone, Chardonnay
exhibited the highesadicalscavengingalues of 212 and 274 pumoltrolox
equivalents (THY defatted seed flour, respectivéiigure 3.4). For ORAC 70% ethanol
and 0.5% acetic acid ir0% acetone, Chardonnay exhibited the highest TE values of
1,429 and 1131 umol TE/g defatted seed flour, respectivgfjgure 3.5). In the 50%

acetone samples, Ruby Red exhibited a value of 2013 pmol TE/g defatted seed flour in
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comparison to 1,864 umol TE/g for Chardonnay; however, the two were not statistically
different at the P < 0.05 significance level. ORAC and HOSC values of Chardonnay found
are higher than that of previously reported values for Chardonnay seed flour (Parry et al.,
2006; Yilmaz & Toledo, 2006), but are similar to ORAC values reported for seeds of

Turkish grape varieties (Bozan et al.,2008).
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Figure 3. 4

Hydroxyl radical scavenging capacity of the cold-pressed grape seed flour extracts.
Values were measured against a trolox standard and expressed as umol of trolox
equivalents (TE) per g of defatted seed flour. Mean + SD values are shown (n = 3). The
black column represents an extraction solvent of 50% acetone, and the grey represents an
extraction solvent of 70% ethanol. For each solvent listed, values marked with the same
letter do not differ significantly (n = 3; P <0.05)

717



2500 r
B Acetic Acid i
=
é 2000 B Acetone
20
= OEthanol
=
= 1500
=
o L.
= 1000 K
o c cd X
K d
500
1
y
0
Chardonnay  Concord Norton Ruby Red White
Figure 3.5

Oxygen radical scavenging capacity of colgressed grape seed flouextracts. Values
were measured against a trolox standard and esgaeagimol of trolox equivalents (TE)
per g of defatted seed flour. Mean + SD values are shown (nfa&plack columns
represent an extraction solvent/@®bo acetone ith 0.5% (v/v) acetic acid, the white
columns represent an extraction solvent 50&iaw, and the grid represents an extraction
solvent 70% ethanoFor each solvent listed, values marked with the same letter do not
differ significantly (n = 32 <0.05)

All grape seed flour extracts alsghibitedDPPH Scavenging ActivityAs seen in
Figure 3.6A, Chardonnay extract exhibited the highest activity in all three solvents with
8.23 mmol (0.5% acetic acid), 9.21 mmol (50% acetone), and 6.49 mmol TE/g of flour
(70% ethanol), followed by Ruby Red and White, then Concord and Ndévtimities
exhibited by Ruby Red and White extracts were similar to each other. Concord and Norton

had the lowest activity, and were similar to each other. The 50% acetone and 0.5% acetic
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acid extracts were also comparable to each other, while the ethanol extracts exhibited
significantly lower DPPH: scavenging activity for all grape varieties.

Of the grape seed oil extracts in methanol, Concord exhibited the highest activity
with 11.08 uM TE scavenged per g of oil (Figure 3.6B). The remaining grape seed oil
extracts were statistically similar, ranging from 3.09 to 5.92 uM TE/g of oil.

The DPPH: scavenging activity for Chardonnay grape seed flour has previously
been identified to be 1.51 mmol TE/g of flour in 50% acetone (Parry et al.,2006). The
approximate three to five fold difference can partly be attributed to the specificity of
cultivars (De Beer et al.,2003), as well as potentially different growing conditions. Other
reported DPPH: scavenging activity includes the activity of Norton and Concord grape
skins, at 0.9 mmol of TE/g and 0.8 mmol of TE/g, respectively (Munoz-Espada et al.,
2004). Grape seed flour extract in acetic acid for Norton (2.51 mmol TE/g) and Concord
(2.61 mmol TE/g) were greater than that of grape seed skins while the respective grape
seed flour extracts from ethanol were fairly similar. Overall, the data have implication in
improving extraction of antioxidants from natural sources and the potential health
properties of different types of grapes and their by-products, specifically the Chardonnay

variety, as a food ingredient.
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Figure 3. 6A

DPPH: scavenging activity of grape seed flour. Samples were evaluated for direct
scavenging activity of DPPH radicals and compared to a trolox stafisdlts are
shown @ mean £ SD in units @illimoles of trolox equivalents (TE) per gramhdefatted
grape seed flour. The black columns repregépt acetone ith 0.5% (v/v) acetic acid,
the white columns represent 50% acetone, and the grey represents 70% ethanol
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DPPH Radical Scavenging capacity of grape seed oisamples were evaluated for

direct scavenging activity of DPPH radicals and compared to a trolox staRésrdts are
shown as mean = SD in units of micromoles of TE/gragrape seed aillhe black

columns represent 90% methanol. Columns in a series marked by the same letter are not
statistically differen{n = 3;P! 0.05).

Anti-proliferative Activity against HT-29 Cells

The results of the anfiroliferation HT29 cell stuly show that the variety and
concentration of grape seed flour and oil dictate the amount of cells that remain after
treatment over time. The flours and oils, in three different concentrations, were compared
with a vehicle control containing the same canration of DMSO and were treated in the
same manner. In each of the flour and oil samples, the high concentration (9.9 mg grape
seed part equivalent/mL) of all of the grape treatments resulted in the greatest amount of
cell inhibition after 96 h. For th€oncord flour and oil, Chardonnay flour, Ruby flour, and
White flour and oil, the number of cells actually decreaged Q.05) over the entire 96 h

in the high concentration of treatment. This shows that these types of extract and variety

1



of grapes give a high value of anti-proliferative effects for these cancer cells. The vehicle
control was used to show the exponential growth of the cancer cells given the media and
sera combination used, and was used for comparison of the growth of treated cells. The
high concentration treatments, 9.9 mg equivalence/mL, of White, Ruby, and Chardonnay
flours virtually eliminated the cancer cells within those samples after 48 hours, showing
an extremely high level of effectiveness. These varieties also showed decreased growth of
cancer cells in the low (0.99 mg grape seed part equivalent/mL) and medium (2.0 mg
grape seed part equivalent/mL) treatment concentration levels when compared to the
vehicle solution. The oils were less effective in slowing the growth of the cancer cells, but
were still able to decrease the amount of cell growth when compared to the vehicle
control. As seen in Figure 3.7, the flours of White, Ruby, and Chardonnay grapes were
the most effective and statistically significant in the anti-proliferation assay. This
tentatively supports previous findings where treatments of 3 mg grape seed part
equivalents/mL and 6 mg grape seed part equivalents/mL of Chardonnay grape seed flour
extract was found to have nearly eliminated HT-29 cancel cells after 24 hours of treatment
(Parry et al., 2006). The treatments in the present study were not as dramatically effective,
but this still confirms the clear trend that grape seed extract inhibits the growth of these
cells. To evaluate the potential utilization of these grape seed flours and oils in cancer
prevention, it is necessary to complete more evaluative tests on other cancer cell lines, as
well as normal cell lines. However, the results here suggest that Chardonnay, Ruby Red,
and White are the most bio-active and are therefore have the most as potential functional

food ingredients.
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Figure 3.7

Time and Dose Effects oGrape Seed Flour and Oil Extractson HT-29 Cell
Proliferation . Relative luminescence goportionate to the number of viable cells
Values are based on triplicaessts, with mean values sh¢w= 3).(A) Chardonnay Flour
(B) Chardonnay Oil (C) Ruby Red Flour (D) Ruby Red Ojl {#hite Flour (F) White Oil.
The diamond represents the low treant 0f0.99mg grape seed part equivalents/mL, the
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square represents the medium treatment of 2.0 mg grape seed part equivalents/mL and the
triangle represents the high treatment of 9.9 mg grape seed part equivalents/mL. Vehicle is
represented by a circle.

Conclusion

About 66 million tons of grapes were produced world wide in 2007; of these fresh
grapes, 86.6% were further processed into wine, jams, and grape juice (Maier ef al., 2009).
Grape seeds are a waste product of the juice and wine industry, which generates large
quantities of waste (5—9 million tons per year, worldwide), which can seep into the ground
and increase the chemical oxygen demand (COD) and the biochemical oxygen demand
(BOD). Changing these characteristics of the natural environment can have detrimental
effects on the flora and fauna of the waste discharge zones. Finding another use for grape
seeds could help to ameliorate this environmental problem (Bonilla ef al., 1999; Schieber
etal, 2001; Louli et al., 2004). The results from this study indicate that grape seed flours
and oils may serve as dietary sources of natural antioxidants that contain anti-proliferative
properties, particularly Chardonnay grape seed flour. Additional research is necessary to
further analyze the effects of food formulation, processing, and storage on the availability

of the beneficial properties.
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Chapter 4: Chemical Composition and Health Properties of Whole
Soft Wheat Bread Enriched with CelRtessed Chardonnay Grape
Seed Flour and Qil

The present study was conducted to investigate bread baked with the grape seed
flour and oil at different times and temperatures, for their chemical composition, free
radical scavenging capacities, and -gmaliferative activity against cancer cells. Tdeta
obtained from this studywasused to determine thiefinedtime and temperature that a
functional food, such as bread, that has been incorporated with the graperspederd

can still exhibit the maximum amount @failablehealth beneficial propges.

Introduction

The human body functions by maintaining metabolism through carefully
monitored oxidatiofreduction reactions. Oxidative stress can shift the balance of these
reactions, causing elevated levels of free radicals in the body (Henig2007).
Chronically elevated levels of free radicals can lead to uncontrolled reactions with vital
macromolecules (Seiéder al., 2007). Grapes and grape seeds contain phenolic
antioxidants that have been shown to contain hétteficial properties bgnitigating
oxidative stress in the body caused by hyneactive oxidative species (Kianal., 2006;
Seifriedet al., 2007 Choi & Lee 2008 However, 67% of American adults consume less
than two servings of fruit a day (Blanekal., 2005). Grapes asuits are not always

available, affordable, or a practical choice for consumers. A functional food model allows
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consumers to obtain additional antioxidants in a less perishable, economical product that is
readily available. Bread has been previously chasethe functional food model for other
fruit additives due to its ease of preparation and status as a common food product (Fan
al., 2006).

During processing, specifically baking, changes in chemical composition and food
matrix alter the composition @intioxidants in a functional food model (Delgaéindrade
et al., 2010). Availability of these antioxidants may be affected by variatidood
processing conditions such as bakiimge and temperature, either positively or negatively
as new compounds are formed or others are released from the food matrix éMdore
2009).0riginal concentrations in raw ingredients and changes during incorporation into a
functional food also aéict bioavailability of factors critical for heaftieneficial effects.
The changes may be a result of chemical and biochemical reactions during storage and
ingredient processingnd food preparatioms well as interactions with other components
during digestion (Kimetz al., 2006).Bioavailability can vary drastically during digestion.
In one case following both oral and gastric steps the amount of soluble antioxidants
increased by approximately 17 fold while insoluble antioxidants decreased by
approximate) 10 fold (DelgadeAndradeer al., 2010).Results of efficacy trials involving
bioavailable antioxidants also fluctuate wild§tudies have shown in rats that
antioxidants administered with a dry diet can predictably inhibit development of
carcinogen indced cancer while antioxidant extracts administered with sesame oil did not
(Kim et al., 2004).

The present study was conducted to assess the availabibiy-¢) of

antioxidants, radical scavenging capacity, and efficacy of a grape seed bread functional
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food model made with colgressed Chardonnay grape seed flour and oil. Data from this
study will be used to determine optimal baking time and temperature as well as viability of

grape seed bread as a source of antioxidants.

Materials and Methods

Materials and Chemicals

Cold-pressed chardonnay grape seed flour and oil were provided by Botanical Oil
Innovations Inc. (Spooner,WIGallic acid, 2,2iphenyt1-picrylhydrazyl radical
(DPPH), Folin-Ciocalteu (FC) reagent;lydroxy-2,5,7,8tetramethylchromai-
carboxylic acid (Trolox)! -carotene, antl-tocopherol were purchased from Sigma
Aldrich (St. Louis, MO). 2,2@zobis (2aminopropane) dihydrochloride (AAPH) was
obtained from Wako Chemicals USA (Richmond, VA), and 30% ACS gra@ewhs
purchased from Fisher Scientific (Fair Lawn, NJ). Ultrapure water was manufactured by
Cayman Chemical Co. (Ann Arbor, MI) and used in all experiments. Cell culture media
components were obtained from Invitrogen (Carlsbad, CA), and aALA@Rstep
Luminescence Assay System was obtained from P&tkirer (Waltham, MA). All other
chemicals and solvents were of the highest commercial grade and used without further

purification.

Baking Process

The bread samples were baked using a standard recipe argtéoledngredients.
First 118 g lukewarm water at approximat@ly GCwas added to 4 g sugar and 6 g yeast.

This mixture was allowed to sit for ten minutes to proof the yeast. Meanwhile, the dry
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ingredients were mixed separately; this included 4 g sati,28jar, and 88 g soft whole
wheat flour. For the control product, 88 g of bread flour was also added to this mixture.
For the grape seed product, 44 g bread flour and 44 g grape seed flour was added to the
mixture In addition to the unbaked control sdeg control and grape seed bread samples
were baked for each of the following conditioh63 GCfor 30 minutes191 aCfor 20

minutes, 191 aCfor 30 minutes191 aCfor 40 minutes, and18 GCfor 30 minutes. Each

sample was prepared and baked in tripica

Lipid Extraction

Freezedried bread samples with and without grape seed flour were ground in a
standard household coffee grinder to pass through a 40 mesh sieve. Hexane was used to
extract the fat from the bread samples at 1g sample to 2 mL hexane ratio at ambient
temperatire for 5 minutes. The samples were centrifuged for 10 minutes at 3000 rpm. The

hexane extraction was collected and stored@&tiCfor further analysis.

Antioxidant Extraction

The defatted bread samples were extracted with 50% acetone at 1 g of sample to 4
mL solvent ratio. They were vortexed three times for 30 seconds each and then leftin a 3
D rotator for 18 hours in the dark. The supernatants were decanted and stbéatCat

until further analysis.
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Lutein/Tocopherol Composition

Sample Preparation.In order to prepare the lipid bread extracts for high
performance liquid chromatography (HPLC) analysis, 1 mL of methyl tertiary butyl ether
(MTBE) was added to a test tube conitag 3 mL of the extract. The test tube was sealed
and placed in a sonicator for 6 minutes. 0.2 mL of the sample was extracted from the test
tube, and filtered through a 0.45 um filter. The preceding steps werdetethfor all of

the 36 sample@arnokoet al.,2000).

HPLC Analysis. The HPLC system used to determine the lutein and tocopherol
composition of the bread samples was a Shimadzg@QAD model SPEROA UV
detector EZstart system with a3D column with a length of 250 mm and a particle size of
5 um. The wavelength for the detection was set at 450 nm for luteins and 295 nm for
tocopherols. Mobile phase A was methanol/MTBE/water (81:15:4, v/v/iv) and mobile
phase B was methanol/MTBE (9:91, v/v). The gradient elution was as followed: 100% A
to 77.8%A/ 22.2% B from 0 to 20 minutes, 100% B from 20 to 30 minutes, and re
equilibration of the column at initial gradient conditions from 30 to 40 minutes. The flow
rate was set at 1.0 mL/min, and 30 pL of each sample was injected into the HPLC system
using tlke auto sampler. Identification and quantification of luteins and tocopherols were
based on comparisons between HPLC retention time, and area under the curve of the

sample peak with that of the standards (Darretkal.,2000).

Total Phenolic Content

Folin-Ciocalteu (FC) reagent was used to determine the total phenolic content

(TPC) of the 50% acetone extractions of the grape seed flour enriched and control breads
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following a previously described laboratory procedure (Yu et al., 2002). A 50 uL sample
of each of the extracted breads was diluted and mixed with 250 uL. FC reagent, 750 puL
20% (m/v) sodium carbonate, and 3 mL of Ultrapure water. After reacting for 2 hours at
ambient temperature, absorbance was read at 765 nm on a Thermo Spectronic Genesys
spectrophotometer (Waltham, MA). The standard curve was created using different
concentrations of gallic acid and results were reported as milligrams of gallic acid

equivalent per gram of bread.

Oxygen Radical Absorbance Capacity

ORAC values were determined following a previously described protocol (Moore
et al., 2005). Trolox standards and bread extractions were diluted to appropriate amounts
in 50% acetone. All other reagents were prepared in 75 mM sodium phosphate buffer (pH
7.4). 225 pL of freshly made 8.16 x 10 M fluorescein solution was mixed with 30 uL
sample, standard or blank in a 96-well plate and pre-heated at 37 °C for 20 minutes. After
pre-heating, 25 pL of freshly made 0.36 M AAPH was added to each well, and the
fluorescence of the reaction mixture was measured using a Victor’ multilabel plate reader
(Perkin-Elmer, Turku, Finland) once every two minutes for two hours at 37 °C, with Agx =
485 nm and Ag, = 535 nm. Sample trolox equivalents (TE) were estimated based on area-
under-the-curve (AUC) method used by Ou et al., (2001). Results were reported as

micromoles of TE per gram freeze-dried bread sample.
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Hydroxyl Radical Scavenging Capacity

The HOSC assay was conducted using fluorescein as the fluorescent probe and a
Victor’ multilabel plate reader (Perkin-Elmer) according to a previously reported
laboratory protocol (Moore, Yin, Yu, 2006). 30 ! L sample or solvent was reacted with
170 ' L 0f 9.28 x 10 M fluorescein, 40 ! L of 0.1990 M H,O, and 60 ! L of 3.43 M FeCls
in microplate wells, and the fluorescence of the reaction mixture was recorded
approximately once every 260 seconds for three hours at ambient temperature, with Agx=
485 nm and Agp, = 535 nm. Trolox standards and bread samples were diluted to
appropriate concentrations in 50% acetone. Fresh 9.28 x 10™* M fluorescein solution was
prepared for each assay from stock solution and 75 mM sodium phosphate buffer (pH
7.4). Trolox equivalents (TE) of each sample were calculated following the same AUC
method used for the ORAC TE estimation (Moore ef al., 2006). Results were reported as

micromoles of TE per gram of freeze-dried bread samples.

DPPH- Scavenging Activity

Free radical scavenging activity was determined according to a previously reported
procedure by Cheng et al., (2006) utilizing stable 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical. The reaction consisted of an equal mixture of freshly prepared 100! M DPPH:
solvent solution and grape seed extract, primed to a total volume of 200 ! L. The
absorbance was measured at 515nm and compared against a standard curve consisting of
six dilutions of 6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid (Trolox)

between 10 ! M to 35 | M. The reaction was measured against the blank of solvent at room
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temperature for 40 min using a Victor’ multilabel plate reader (Perkin-Elmer). Breads

baked in triplicate were also measured in triplicate.

Anti-Proliferative Activity against HT-29 Cells

Anti-proliferative activity against HT-29 cells was determined according to a
previously reported procedure by Wang and others (2007) and Slavin and others (2009).
HT-29 human colorectal cells were cultured in cell media containing McCoy’s 5A media,
10% fetal bovine serum, and 1% antibiotic/antimycotic solution. The cells were placed in
a humidified incubator at 3 °C and 5% CO,, and grown to 95% confluence, and then
plated at 2,500 cells/well in a black 96-well viewplate for tissue culture. After 24 hours,
the medium was replaced with 100 ! L of either the control or treatment medium. The
amount of cell proliferation was determined prior to treatment, and at 4, 24, 48, 72, and 96
hours after treatment using an ATP-Lite 1-step Luminescence Assay System for Perkin-
Elmer. Plates were permitted to equilibrate to room temperature for a period of 30 minutes
before the reading was taken. Immediately before the reading was taken on a Victor®
multilabel plate reader, 100 pL of reconstituted ATP-Lite 1step Luminescence was added
to the wells. The cell media was replaced with a fresh batch of treatment or control
solution every 24 hours until the plate was read.

Treatment Media Preparation. To prepare the treatment solutions, the 50%
acetone extracts of the grape seed enriched and control bread were first evaporated in the
nitrogen evaporator to remove acetone, and then freeze dried overnight to remove the
water. Samples were then dissolved in DMSO. DMSO solutions were mixed with normal

growth media to reach a concentration of 10 mg bread equivalents/mL for each sample,
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and passed through a Qe retrograde cellulose syringe filters. Cells were treated with
bread extracts cooked\arying times and temperatures, as well as with an unbaked

control

Statistical Analysis

Each assay was conducted in triplicate, with data reported in tables and figures as
mean + standard deviation. Differences in means between samples were detesimged u
oneway ANOVA and TukeyOs post hoc analysis. Statistical analysis was performed using
SPSS software for Windows (version rel. 10.0.5, 1999, SPSS Inc., Chicago, IL). Statistical

significance was defined at!P0.05.

Results and Discussion

Lutein anda-Tocopherol Composition

The bread samples were analyzed for théwcopherol and lutein contents. The
tocopherol and lutein contents of the bread samples are summarizgdrem4.1. The
control bread samples contained highd¢ocopherol and lutein l&s than the grape seed
bread samples. This result may be due to the canola oil used in the control bread samples.
Canola oil has been shown to have high levels of tocopherols; sottopherol averaging
274.5#g/g of oil in comparison to the 56#g/g found in Chardonnay grape seed @il {
Sacpret al.,2003). Previous studies have also found canola oil to have high lutein levels
(Farreet al.,2010).

In addition, it is important to note that the standard deviation for the data was fairly

high. Thisresult is possible given the triplicate samples of bread were baked by hand,
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which can lead to high variability in the data. According to the statistical analysis, the
grape seed bread samples did not show significantly different tocopherol and lutein levels

when compared to the control samples.
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Figure 4. 1

Lutein and ! -Tocopherol Content of Control and Grape Seed Breads Based on
Baking Conditions.

Lutein and ! -tocopherol in bread model baked at various times and temperatures
compared to unbaked control bread. Solid columns represent ! -tocopherol and open
columns represent lutein. C indicates control bread with wheat and bread flour only. G
indicates grape seed enhanced bread. The amount of ! -tocopherol is consistently higher
than the amount of lutein under varying baking conditions.Additionally, the amount of ! -
tocopherol and lutein both vary depending on time and temperature. Data marked by
different letters indicate significant differences (P " 0.05), with a-c reflect the difference
between tocopherol level, whereas j-1 indicate the difference in lutein contents.
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Total Phenolic Content

The TPC values for grape seed and control bread at each baking condition are
shown in Figure 4.2. Grape seed bread, baked and unbaked, had significantly higher
levels of phenolics than control bread. Varying baking conditions had no statistically
significant effect on phenolics in control bread. Grape seed bread baked at 163 °C for 30
minutes had the highest level of phenolics with a TPC value of 25.8 mg gallic acid
equivalent (GAE)/g bread and showed a statistically significant difference from breads
baked at 191 °C for 20 and 40 minutes and at 218 °C for 30 minutes (P < 0.05). Grape
seed bread baked at 191 °C for 40 minutes exhibited the lowest TPC value at 18.6 mg
GAE/g bread and had a statistically significant difference from unbaked grape seed bread,
bread baked at 163 °C for 30 minutes and 191 °C for 30 minutes (Figure 4.2).

These results suggested that higher temperature may negatively affect the level of
phenolics present in the grape seed bread, with longer baking time showing a slightly
greater negative influence on TPC values, but this difference is not statistically significant
from the highest temperature. The large standard deviations, especially in grape seed bread
baked at 163 °C and 191 °C for 30 minutes, were likely a result of variation in specific
loaves of bread during the baking process. All loaves were not baked simultaneously and
were not freeze-dried together.

Grape seed enrichment has been found to increase the overall antioxidant activity
of bread (Peng et al., 2010). Baking conditions have not been shown to significantly
affect the total phenolic content of whole wheat pizza crust (Moore et al., 2009).

However, the total phenolic content of grape seed extracts exposed to heat treatment has
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been found to increase with moderate cooking time and temperature, and decrease with
heat high cooking time and temperatf@r{ ez al., 2006). These trends found in studies
on grape seed extracts correlate with the trend founds when testing the grape seed bread in

the current study
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Figure 4.2

Total Phenolic Contents of Grape Seed and Control Breads Baking Conditions.

The total phenolic content was determined spectrophotometrically usingdtotialteu
reagent. Gallic acid was used as the standard. GAE mg/g is the mg of gallic acid
equivalents per g bread. Grape seed bread bak&3 a€ for 30 minutes had the highest
total phenolic content, while bread baked @1 jC for 40 minutes demonstrated relatively
low phenolic contentSolid columns represent wheat bread controls@rehcolumns
represent grape seed breBdta marked by diffent letters indicate significant
differences £ < 0.05).
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Antioxidant Properties

Supplementing whole wheat bread with Chardonnay seed flour was found to
significantly increase its scavenging capacities against peroxyl (ORAC) and hydroxyl
(HOSC) radicalgP < 0.05). Antioxidant capacity was increased by over 1000% in some
of the bread samples with the substitution of grape seed flour for a portion of the wheat
flour. In addition, baking time and temperature was shown to significantly affect ORAC
and HOSC ulues for bread samples containing grape seed flour, but did not significantly
change the antioxidant activities of rsapplemented bread sampRs(0.05) Figures
4.3-44). The highest ORAC value of 628.6 umol TE/g dried sample was measured for the
grape seed containing bread baked @8 jC for 30 min(Figure 4.3). In contrast, the
highest HOSC value of 434.1 umol TE/g dried sample was observed for the grape seed
supplemented bread bakedLatl jC for 30 min Eigure 4.4). Overall, both radical
scavenging capacity assays found antioxidant capacity of the bread increased by
moderately lengthening the baking time, but extended baking times reduced the measured
level of antioxidant capacity, although the difference in the ORA&say was not
statistically significant.

The experimental results suggasthat bread supplemented with grape seed flour
and oil hal high potential application for developing a functional food rich in natural
antioxidants. In 2004, Wet al. measured AC of common foods consumed in the
United StatesGrain and cereal products exhibited radical scavenging capacities26f 10
pumol TE/g fresh weight, consistent with that found in the control bread samples in this

study (2538 umol TE/g freezedried weigh}. Foods that contained particularly high
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levels of radical scavenging capacities, such as blueberries, artichokes, kidney beans, and
pecans, all exhibited ORAC values between 100-200 pmol TE/g fresh weight (Wu et al.,
2004). The grape seed bread exhibited ORAC values between 410-630 umol TE/g freeze-
dried weight. Even though values reported in the current study were per freeze-dried
sample weight, as opposed to fresh-weight basis, the determined ORAC values are still
congruent with added health beneficial properties of grape seed bread. HOSC values
showed similar support of high antioxidant levels in grape seed supplemented bread. In
comparison to the values measured in this study, 21-35 pmol TE/g of control bread,
Moore and others found HOSC values for whole soft wheat and hard wheat bran to be

38.78 and 74.91 umol TE/g, respectively (Moore et al.,2006).

oR



800

]

g 700

o

k54

2 600

<

&0

= ©°00

[

=]

= 400

S

E 300

© 200
100
0

Figure 4. 3

Oxygen Radical Absorbance Capacity of Bread Extracts. Values were measured
against a trolox standard and expressed as wmol of trolox equivalents (TE) per g of
defatted seed flour. Mean + SD values are shown (n = 3). Solid columns represent wheat
bread controls and the open columns represent grape seed bread. Values marked with the
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Figure 4. 4

Hydroxyl radical scavenging capacity of bread extracts. Values were measured against
a trolox standard and expresseda®l| of trdox equivalents (TE) per g of defatted seed
flour. Mean + SD values are shown (n =S9lid columns represent wheat bread controls
andopencolumns represent grape seed bré&ad.each solvent listed, values marked with
the same letter do not differ significantly (n =%3% 0.05)

All bread samples exhibited DPPé&tical scavenging activity (RSC). All control
breads exhibited significantly lower RSC ranging from 0.03 mmol TE/ g of bread to 0.101
mmol TE/g of bread as shown kigure 4.5. Bread containing grape seed flour baked at
163 aCfor 30 minutes exhibited thgreatest RSC at 2.073 mmol TE/g bread, a value that
was significantly higher than all other breaBd (0.05). Grape seed bread baked3k GC
for 20, 30 and 40 minutes andz4i8 GCfor 30 minutes were not statistically different
from each other compabte with respective RSC values of 1.517, 1.107, 1.395 and 1.544

mmol TE/g of bread. Additionally the grape seed flour breads bakel aiCfor 30 and
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40 minutes showed similar RSC to the unbaked bread. The heat treatment during the
process of baking appedto have released additional antioxidants, especially at the
lowest temperature combination of bakind.@8 GCfor 30 minutes. ltvas possible that
baking at higher temperatures and longer times subsequently destroyed the antioxidant
components initidy released. RSC values of 2.4nol TE/g of bread and 2!1mol TE/g

of bread on a per dry weight basis were previously reported for wheat blieadlEkaet

al., 2007 DelgadeAndradeet al., 2010. The control wheat bread in the current study was
ten times higher than these previously reported values. The use of diffareties, the
specific use of soft wheat flour as opposed to hard wheat, as well as the use of whole
wheat in the current study are likely contributors to the observed differenc&€inSe8e
additives that have been utilized to enrich bread include bran and rye. The RSC of wheat
bread enriched with bran (which more closely approximates the whole wheat flour used
here) was still lower than the current data at a reported3at TE/g ofbread. Thisvas

still almost 10 times lower than the control bread and 500 times less than the grape seed
bread reported here (Delga#mdradeer al., 2010) Rye bread also exhibited a similar

RSC of 4.9 mol TE/g breadNlichalskaet al., 2007) Overall,bread made with grape

seed flour and soft whole wheat contdsignificant levels of antioxidants, which

implied it might havepotential as a functional food for augmenting daily antioxidant

intake.
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Figure 4.5

DPPH Radical Savenging Capacity of Bread ExtractsSolid columns represent
control bread, and the open columns represent grape seed bread. Samples were evaluated
for direct radical scavenging capacity (RSC) of DPPH radicals and compared to a trolox
standard. Results are shown as mean +/- SD in units of mmol of trolox equivalents (TE)
per gram of defatted bread sample. Columns in a series marked by the same letter are not
statistically different (n = 3; P <0.05).

Anti-Proliferative Activity against HT-29 Cells

The results of the anti-proliferation HT-29 cell study showed that the treatments
with grape seed bread extract had significant suppressed cell proliferation. While bread
samples that were baked at different times and temperatures showed slightly, but not
statistically significantly different results anti-proliferative activities. Anti-proliferative
activity of the bread extracts did not seem to be dependent on time and temperature of
baking.

The proliferation of cells with treatments of varying baking temperatures is shown

in Figure 4.6, which displays the effects of breads baked at various temperatures for 30
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minutes. All of the grape seedntainingsamples, including the unbaked bread dough
sample, showed significant aiptioliferative activity as compared the vehicle control.
Slight differences in cell proliferation were seen across time and temperature
combinations of the grape seed bread extracts. However, the differences between the grape
seed bread treatments were not statistically significant. Afleyseed bread treatments
showed statistically significant afgroliferative activity when compared to the vehicle at
96 h.

The proliferation of cells with treatments of varying baking times is shown in
Figure 4.7, which shows the effects of breads ba&et91 G4Cfor varying lengths of time.
The grape seecbntainingsamples again significantly depressed the cell growth, as can be
seen by comparing the cell growth of these samples to the cell growth of the vehicle.
Again, differences were seen in the telanumber of cells surviving after treatment;
however, the differences between the grape seed bread treatments were not statistically
significant The grape seed treatmentsO inhibition of cell growth was statistically
significant when compared to the vek treatment at 96durs

The antiproliferative activity of baked and unbaked grape seed bread treatments is
compared to that of baked and unbaked control breRiginre 4.8. The growth displayed
by cells treated with control bread extracts bakel®atiCfor 30 min was very high,
exceeding the growth curve of the vehicle treatment, which had only DMSO and media
The unbaked control bread behaved oddly, showing activity roughly similar to the vehicle
or slightly less until the 96 hr reading; when theoant of cells dropped significantly so
that the luminescence reading was lower than that of the other samples compared here

The baked grape seed sample, which was also baké&d a@iCfor 30 min, showed
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antiproliferative activity and was significantly different when compared to the baked and
unbaked control bread samples and the vehicle. The unbaked grape seed break extract
seemed to inhibit the cell growth slightly stronger than the baked grape seed sample,
although the difference is not significant. These results indicated the grape seed contained

active components inhibiting the cell growth, rather than other components in the bread.
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Figure 4. 6

Anti-Proliferative Effects of Grape Seed Bread Extracts by Baking Temperatures.
Relative luminescence is proportionate to the number of viable cells. Values are based on
triplicate tests, with mean values shown (n = 3). All samples were baked for 30 minutes.
“X” with grey dash line represents the sample baked at 163 °C, “X” with dashed and one
dot line represents the sample baked at 191 °C, circle with dashed line represents the
sample baked at 218 °C, triangle with solid line represent the unbaked sample, and the
square with dash and two dot line represents the vehicle
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Anti-Proliferative Effects of Grape Seed Bread Extracts by Baking Times.

Relative luminescence is proportionate to the number of viable ¢allses are based on
triplicate tests, with mean values shofmn= 3) All samples were baked fa63 GC

minutes except for the unbaked cont@XQvith dasled line represents the sample baked
at 20 minutesOXQ@vith dash and one dtihe represents the sample baké®0 minutes,
circle with dashedine represents the samegbaked at 40 minutes, triangle wablid line
represents the unbakedrgale, and the square with dash and twolithet represents the
vehicle.
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Proliferation of Cells With Grape Seed Bread and Control Bread Treatments at 48
Hours. Relative luminescence is proportionate to the number of viable canceSodlis
columns represent wheat bread controls@mehcolumns represent grape seed bread.
Values marked with the same letter do not differ significantly 8P < 0.05).
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Conclusion

In conclusion, this study demonstrated that grape seeds may be incorporated into a
functional food model. The grape seed containing bread showed stronger antioxidant
activity and greater amounts of health beneficial compounds than did the bread containing
solely wheat. Additionally, the time and temperature of the baking process may affect the
levels of antioxidant activity and health beneficial components in the finished grape seed
containing bread. However, the differences seen between time and temperature
combinations were small compared to the differences seen between the grape seed bread
and the control (wheat only) bread. By incorporating health beneficial properties , such as
those from grape seeds, into bread, there may be potential to increase the amount of
antioxidants consumed by the population. Further research is necessary to determine

consumer acceptance and willingness to purchase such a product.
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Chapter 5:Consumer Acceptability of Functional Bread
Containing Coldpressed Grape Seed Oil and Flour

Introduction

Functional food products are defined as havieglth beneficial properties beyond
basic nutrition Ipternational Foodnformation Council 20@). Interest in functional foods
has grown in the past decade as a result of higher health care costs, and growing evidence
indicates that diet is directly related to the development of chronic human diseases
(Milner, 2000). Sinceunctional food products have the potential to improve health while
reducing the incidence of disease, they have become an attractive mainstay in the
consumer market. Functional food and beverage sales in the US were $24.8 billion in
2006, with sales estirted to increase by 56% to $38.8 billion in 2011 (Zawistowski,
2010).
In this study, grape seed oils and flours were incorporated into bread to create a
functional food product. Grape seeds have been shown to have manybleeafiicial
properties, mostotably their antioxidant properties. Antioxidants can minimize the
effects of oxidative stress by eliminating reactive oxidative species in the body geimas
et al., 1993). This elimination is desirable because increased oxidative stress has been
linked to a higher incidence of chronic illnesses, including heart disease and cancer.
Despite the health benefits of antioxidants, research indicates that many Americans

do not consume enough fruits and vegetdblesluable sources of antioxidant
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components—in their diet. In 2009, the Centers for Disease Control and Prevention
reported that only 32.5% of adults consumed the recommended fruit intake of two or more
fruits daily, and only 26.3% of adults consumed the recommended vegetable intake of
three or more vegetables daily (Grimm et al.,2010). Since fruits and vegetables can be
rich sources of antioxidants, these numbers suggest that many Americans may not be
receiving an adequate amount of antioxidants in their diet.

Bread was chosen as a functional food model because it is a widely-consumed and
highly accessible food product that could potentially increase antioxidant consumption for
a large American population. However, it was still uncertain whether grape seed bread
would be accepted in a consumer market, since health beneficial properties alone may not
be enough to determine the consumer acceptability of a functional food. Previous research
indicated that consumer acceptability of new functional food products is based on both
their awareness of health benefits and favorable sensory qualities (Verbeke, 2006).

Grape seed bread is a novel functional food model, as such little previous work has
been done to understand the consumer response to it. Therefore, the purpose of this study
was to measure potential consumer acceptance of a functional food product containing
grape seed flour and oil. Specifically, sensory evaluation was conducted by freshman
university students to determine whether there would be significant preferences towards

the taste, texture, and color of control bread versus the grape seed bread.
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Methods

Sample Preparation

All samples were prepared and baked one to two days before the sensory analysis
was conductedFirst, the OwetO ingredients were mixed; 118 g lukewarm water at
approximately\27 GCwas added to 4 g sugar and 6 g yeast. This mixture was allowed to sit
for ten minutes to proof the yeast. Meanwhile, the dry ingredients were mixed separately:
4 g salt, 33 g sugar, and 88 g wheat flour. For the control bread, 88 g bread flowsovas al
added to this mixture. For the grape seed product, 44 g bread flour and 44 g grape seed
flour was used. This OdryO mixture was then placed in a standing mixer and mixed on
medium.

After the dry ingredients had been thoroughly mixed, the wet ingredigtire
was added, continuing to mix on medium speed. Additionally, 8 g oil was added to the
dough; for the control sample, this was canola oil, and for the grape seed sample, grape
seed oil was addedhese ingredients were mixed for approximately i@inutes, or until
the dough had an even consistency throughout.

The dough was then removed from the mixer and placed on a cutting board lightly
coated with whole wheat flour. The dough was kneaded by haneXonifiutes, and then
placed in a lightly oiled bwl; oil used for the bowl was congruent with the type used in
the bread. The bowl was then covered with a dampened paper towel and placed into a
warm oven. After allowing the dough to rise for one hour, the bowl was taken out of the
oven and the dough wasinched down. Then, the bowl! with the dough was returned to

the warm oven to rise for another 30 minutes.



Once the rising stage was complete, the dough was removed from the warming
oven and transferred into bread pans for baking. The bread dough was then placed in a
preheated oven at a temperature of 191 °C. The bread was baked for a total of 30 minutes;
after the bread had been in the oven for 25 minutes, the top of the bread was sprayed
lightly with water, and then returned to the oven for the remaining 5 minutes of baking.

The baked bread was removed from the oven after 30 minutes of baking and
placed on a cooling rack for 10-20 minutes. The bread was then covered in plastic wrap

and stored at room temperature for sensory analysis the following day.

Sensory Analysis

Sensory analysis was conducted in GEMS100 Freshman Honors Collogium:
Introduction to Gemstone classes at the University of Maryland, College Park. Subjects
were, therefore, freshman in the Gemstone Program (n = 78). All trials were conducted in
the same room. Tasting stalls were created using blank poster board displays to block the
view of adjacent participants. For each stall, a small cup of water and soda crackers were
provided, as well as a paper plate with two different bread samples, labeled A and B. The
grape seed bread sample was labeled A, and the control bread sample was labeled B. The

physical setup for the sensory analysis is shown in Figure 5.1.



piate  A- Grape Seed Bread
B- control bread
C- Table crackers (Dixie Cup)
D- Forms
E- Water (Dixie Cup)

Participant

@@/

Diagram of the sensory analysis setup.

Figure 5. 1

Each class of approximatelyl® students came separately to the testing room.
After students sat down at their tasting booth, a script of instructions was read to them (see
Appendix A). The instructions described the nature of the experiment and ditketad
to carefullyread the consent form, which was approved by the University of Maryland
Institutional Review Boar¢seeAppendix B) to decide if they wanted to participate in the
study. Once participants read and completed the form, they were instautaste both
breads, cleaning their palate with the soda crackers and water between each sample. The
participants were also instructed to fill out a survey fggpendix C), stating their
preference between the samples, and rating each sample on color, texture, and flavor. The
participants were not told which bread sample contained grape seed ingredients. The
favorability rating was measured on a horizontal line of len@tB &ém, on which

participants could mark their preference with a single vertical line; a mark at the beginning



of the line, at 0 cm, indicated a strong dislike for the sample, and a mark at the end of the
line, at 10.3 cm, indicated a strong like for the sample. There was also a small section for
comments about their sample preference. At the conclusion of the study, the surveys were

collected, and a brief explanation of the study was provided.

Data Analysis

The preferences indicated on each survey were consolidated; the markings of the
participants were measured so a numerical value could be assigned to each response. This
number was the length measurement from the left end of the line on the survey in
centimeters. Again, a small number corresponds to disfavor while a larger number
corresponds to favor. Lastly, the values from all the surveys for each individual question
were averaged and the standard deviation was determined. Statistical analysis was
performed on the mean preference ratings for color, texture, and taste for the grape seed
and control breads. The test run was a paired 2-tailed Student's T-test, with pairing
between the responses made by each student. Differences in means between samples were
determined using one-way ANOVA. Statistical analysis was performed using SPSS
software for Windows (version rel. 10.0.5, 1999, SPSS Inc., Chicago, IL). Statistical

significance was defined at P! 0.001.



Results

In this study, there were 78 participants, all freshman college students at the
University d Maryland, College Park. Of the 78 participants, 11 had no preference
between the two samples, 53 preferred the control bread, and 14 preferred the grape seed
bread.

The results for the mean preference ratings for taste, texture, and color, as well as
their standard deviations, can be found @ble 5.1. These results indicate that
participants preferred the color, texture, and flavor of the control over the grape seed
bread. The responses had large relative variations %@\ of 35.544.7 %for grape
seed bread, an?3.526.5 %for control bread, for means between values-505
However, because of the large sample size, the difference in means between grape seed
bread and control bread were found be significantly different in all three categories of

color, texture, and flavorA < 0.001).

While the majority of participants ranked the sensory properties of the control
bread higher than that of the grape seed bread, overall both samples were acceptable, as
measured by the mean preference values for each sample category. A value of 5.15 out of
the 10.3 scale would indicate neutral favorability, while any values lower than 5.15 show
disfavor. The distribution of expected mean preference values were estimated by
calculation 95% confidence intervals for each sample, and in each case, was foeind to
higher than 5.15 (Seékable 5.2.). This indicates that in all subsequent sensory

evaluations, the mean of the preference value for both grape seed and control bread in



each category of color, texture, and flavor would be expected to fall above neutral

preference.

To analyze the distribution of the data further, a box and whisker plot were created
and presented in Figure 5.2. When comparing the lower quartile limit of the control
sample to the median value of the grape seed bread for each sensory category of color,
texture, and flavor, it can be seen that the control sample lower quartile limit increases
relative to the grape seed bread median from texture, to color, to flavor. This suggests that
among those surveyed, the preference for control over grape seed bread was the strongest
in the case of texture, and weakest in the case of flavor. Additionally, there are relatively
few outliers in the box and whisker plot, showing that the mean values were not

significantly skewed by the presence of outliers.



Table 5. 1
Mean Preference Ratings of Color, Texture, and Flavor for Grape Seed and Cc
Breadswith %CV.

Color Texture Flavor
Grape Seed Bread 5.7 + 2.0(35.5%) 5.5+ 24(44.7%) 6.4+ 25 (38.5%)
Control Bread 7.1+1.7(23.5%) 7.7 +2.0(26.5%) 7.8+ 2.0(25.2%)

Each rating is out of 10.3, with higher ratings showing more favoralitgpe seed
and control breads were statistically different (n=78).001).

Table 5. 2

Color, Texture, and Flavor Mean Preference Interval at 95% Confidence Level f
Grape Seed and Control Breads.

Color Texture Flavor
Grape Seed Bread 5.26.1 4.96.0 5.86.9
Control Bread 6.7-7.5 7.28.1 7.38.2

Each rating is out of 10.3, with higher rating showing more favorability.
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Box and Whisker Plot of Grape Seed BreadSensory Analysis DataThe box
indicates the interquartile range. Outliers are marked with asterisks. Outliers are

calculated by determining if they were below Q; — 1.5! IQR or above Q3 + 1.5! [Q. There
were 78 participants. Preferences were measured from a 0 to 10.3 cm scale.

Conclusion

The results indicated significant differences between consumer acceptability of the
control bread and the grape seed bread. More respondents preferred the sensory qualities
of the control bread than the grape seed bread, with the most prominent difference noted
in the textures of the two breads. Of the three categories evaluated, both the control and
the grape seed bread received their highest rating in flavor. The difference in preference

between the two breads was much smaller for flavor than the difference between the two



breads for texture. Despite the preference for control bread over grape seed bread, many of
the respondents did indicate that they had an overall favorable perception of the grape
seed bread. Mean preference values show that the geppbread scored above a neutral
rating for all three sensory categories tested. Data from this study suggest that consumers
might be willing to consume a bread product containing grape seeds; however, further

research is required to determine if theselteswuld be true for a larger population.



Chapter 6: Conclusion

Three comprehensive studies were conducted to determine the feasibility of
creating a functional food product rich in natural antioxidants that could be used to lower
the risk of chronic illnesses in the general population. Grape seeds were selected as the
source of nutraceuticals, both for their high antioxidant activity and their current role as an
agricultural by-product. Bread was chosen as the functional food model because it is
commonly consumed by most socio-economic classes in the United States. In addition, the
baking conditions for bread are easily modified to test the effect of processing on the
chemical composition and health beneficial properties of the functional food. Finally, a
sensory survey was used to evaluate the acceptability of the proposed functional food, and
to determine if the addition of grape seed flour and oil significantly affected the appeal of
bread to consumers.

The first study quantified the health beneficial properties of seeds from five
different grape varieties: Chardonnay, Concord, Norton, Ruby Red, and White.
Extractions were made from cold-pressed grape seed flour and oil samples using four
different solvents. Grape seed flours and oils were found to contain varying levels of
antioxidant properties, chemical composition, and anti-proliferative activity against colon
cancer cells. Of the grape varieties tested, Chardonnay exhibited the highest level of health
beneficial properties, overall, and was chosen for incorporation into the bread model in the

second study. In addition, 50% acetone was found to be the most effective solvent for



extractingphytochemicalérom grapeseedsandthuswasusedfor subsequenthemical
assaysn thesecondstudy.

Thesecondstudycomparedhe healthbeneficialpropertiesof incorporatinggrape
seedflour andoil into a standardreadrecipewith thoseof a controlbreadproduct.The
additionof grapeseedflour andoil increasedhe antioxidantactivity of the breadby
roughly 10-fold, aswell assignificantlyimprovingits carotenoidand! -tocopherol
contentsAntioxidantactivity andchemicalcompositionof the breadalsovariedwith the
bakingtime andtemperaturealthoughonly grapeseedbreadtreatmentexhibited
significantdifferencesdbetweertime andtemperatureombinationsHowever,altering
cookingtime andtemperatue did not significantly changethe antioxidantprofile in the
controlbread.Thedecreasén antioxidantsn thegrapeseedbread but notin the control
couldpotentiallybe attributedto lessthermallystableantioxidantgresenin grapeseeds
in comparisorto thosefoundin wheatflour, althoughthe possibilitywasnot evaluatedn
detail.

Thesensoryevaluationconductedn thethird studyanalyzedconsumepreference
for controlandgrapeseedbreadsn termsof appearancdaste andtexture.Preferencédor
controlbreadovergrapeseedbreadwasfoundto be statisticallysignificantfor all 3
sensoryfactorssurveyedHowever,boththe controlbreadandthe grapeseedoreadhad
overallpositivereviews,suggestinghatconsumersvould bewilling to consumehis
novelfunctionalfood product.Theseresultssuggesthatgrapeseedoreadcanpotentially
becomea viable commerciafunctionalfood product;however furtherresearchs
necessaryo determingf the positiveimpressiongletectecherewould translatanto

consumepurchasesndconsumptionparticularlywhenweighingthe productOsovel
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sensorypropertiesandpossibleincreaseatostagainsthe availablehealthbeneficial
properties.

Thereis greatpotentialvaluein creatinga grapeseedoreadcommercialproduct.
Theincorporationof grapeseedflour andoil into the breadrecipehasbeenshownto
significanty increasats potentialhealthbeneficialpropertiesin addition,becausgrape
seedsarecurrentlyawasteproductof juice andwine production the costto producethis
functionalfood would be expectedo be significantlylower thanpurchasingurrent
Osuperfoodgidomotedassignificantsourcedor naturalantioxidantsThis productwould
alsoincreasdhe commercialvalueof grapeseedsandthusbenefitthe agricultural
communityby increasinghe overallvalueof grapeproduction However,beforesucha
productcouldbe soldto consumersits safetyandlong termhealtheffectsshouldbe

evaluated.

Limitations and Future Research Directions

Themainlimitation and direction for further studyasthelack of in vivo data
directly supportingthe healthkbeneficialpropertiegshatweremeasuredor bread
containinggrapeseediour andoil. While extensivditeratureexistssupportingthelinks
betweerantioxidantcompoundschemicalmeasurement®r antioxidantactivity, reduced
oxidativestresdn lab animals promotinghealthin lab animals,andfinally promoting
healthin humansthe overallchainof thoughtis tenuousat best,andoftenclaimedto only
applyin acaseby-caseprocessiueto the complexityof metabolisnin thebody. With
such a study, theonsumption of the grape seed enriched boeadt be directly linked
with reduction of biomarkers of chronic illnesses in the test subjdotgever,the costto

run suchananimalstudyor clinical trial wasprohibitively expensiveat this time
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A muchsimplerproblemto tacklewould bethe smallnumberof bakingconditions
evaluatedn the secondpartof this study.While 5 covariatepointsweresufficientfor
individually examiningthe effectsof bakingtime andtemperaturemorewould be
beneficialto studytheinteractionbetweertime andtemperatureAdditional pointswould
havealsoincreasedherobustnessf the conclusionsnaderegardingthe effectsof baking
conditionson healthbeneficialpropertiesof the bread.More replicationsof the existing5
bakingconditionswould alsoimprovethe strengthof the conclusionglrawnfrom the
results.

Another direction for further studgxistedwith theconsumesensorysurvey.The
studymakesconclusiondaseduponthe assumptiorthatfirst yearcollegestudentswill be
representativef consumersvith respecto their tasteandperceptiorwhenevaluatinga
novelfunctionalfood. However,the assumptiorwasmadeout of necessitybecausef the
infeasibility of surveyinga largesampleof peopleacrosgshe spectrunmof the population,
including differentagesethnicgroups,andsocioeconomiclassesHowever all of these
factorscould conceivablyaltera consumerQmerceptiorof breadcontaininggrapeseeds.
Thesefactorscouldbeaccountedor if the samplesizewereexpandedgivenmore
materialsfor bakingbread,andtime for finding suitablesubjectsandconductingsensory
surveys.

This studycould havealsoevaluatedthergrapevarieties.The grapesstudied
werelimited by the grapeseedsgrovidedexternally. However,with additionalfunding,
morevarietiescould havebeenevaluatedy purchasinggrapeseedsrom industryand

rentingmachineryto cold-pressthe seedgo obtainflour andoil samplesThiswould
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increase the agricultural and economical value of this research, especially if the purchased
grape varieties were the most commonly used by the juice and wine industry.

Finally, the feasibility of commercially producing the novel bread product
developed in this project could be further studied using a thorough cost-analysis. To
predict the price of this product, the cost of securing the grape seeds for the modification
to a whole wheat bread recipe would have to be considered in conjunction with the
challenge of modifying existing infrastructure to cold-press grape seeds on an industrial
scale and adding the resulting flour and oil to current bread production lines. A survey
could then be performed to assess the likelihood of consumers purchasing this bread
product, given the knowledge that it could reduce the risk of chronic illnesses by
supplementing diet with natural antioxidants. Toxicity and efficacy studies should also be
completed on grape seed meal specifically before the idea is brought into the commercial
market. Again, limitations in time and material prevented the completion of such an

analysis at this time.

17



References

Al-Sager J, Sidhu J, Al-Hooti S, Al-Amir H, Al-Othman A, Al-Haji L, Ahmed N,
Mansour I, Minai J (2004) Developing functional foods using red palm olein. IV.
Tocopherols and tocotrienols. Food Chemistrg5 (4), 579-583

American Dietetic Association (2009) Position of the American Dietetic Association:
functional foods. Journal of American Dietetic Associatidf9 (4), 735-746

Anton A, Roos K, Lukow O, Fulcher G, Arntfield S (2008) Influence of added bean flour
(Phaseolus vulgarison some physical and nutritional properties of wheat flour
tortillas. Food Chemistry09 (1), 33-41

AOCS Official Method Cd 12b-92. American Oil Chemist Society (AOS@&).ailable
online: http://www.aocs.org/Store/ProductDetail.cfm?ItemNumber=2252

Aronson WJ, Glaspy JA, Reddy ST, Reese D, Heber D, Bagga D (2001) Modulation of
omega-3/omega-6 polyunsaturated ratios with dietary fish oils in men with prostate
cancer. Urology 58 (2), 283-288

Bail S, Stuebiger G, Krist S, Unterweger H, Buchbauer G (2008) Characterization of
various grape seed oils by volatile compounds, triacyglycerol composition, total
phenols, and antioxidant capacity. Food Chemistry08 (3), 1122-1132

Bidlack WR, Birt, DF, Bistrian BR, Borzelleca JF, Clemes RA, Dreher ML, Vanderveen
JE (2005) Functional Foods: Opportunities and Challenges. Institute of Food
TechnologisteExpert ReportAvailable online: http://www.ift.org/knowledge-

center/read-ift-publications/science-reports/expert-

174



reports/~/media/Knowledge%Zenter/Science%20Reports/Expert%20Reports/Fu
nctional%20Foods/Functionalfoods_expertreport_full.pdf

Blanck H, Galuska D, Gillespie C, Khan L, Serdula M, Solera M (266%) and
Vegetable Consumption Among AdultSDC-Morbidity and Mortality Weekly
Report Available online:
http://lwww.cdc.gov/mmwr/preview/mmwrhtml/mm5610a2.htm

Bonilla F, Mayen M, Merida J, Medina M (1999) Extraction of phenolic compounds from
red grape marc for use as food lipid antioxidafited Chemistry 66 (2), 209215

Boobier W, Balkr JS, Hullen D, Graham MR, Davies B (2007) Functional biscuits and
coronary heart disease risk fact@®@sitish Food Journal 109 (3) 260-267

Bozan B, Tosun G, ...zcan(B008) Study of polyphenol content in the seeds of red grape
(Vitis vinifera L.) varieties cultivated in turkey and their antiradical activityod
Chemistry 109(2), 426430

Buci¢-Koji¢ A, Planint M, Tomas S, Bit M, Veli¢ D (2007) Study of solidiquid
extraction kinetics of total polyphenols from grape se@dsnal of Food
Engineering 81 (1), 236242

Burdock G, Carabin I, Griffiths J (2006) The importance of GRAS to the functional food
and nutraceutical industrieBoxicology 221 (1),17-27

Cachia O, Benna JE, Pedruzzi E, Descomps B, GouBemtlalo MA, Leger CL (1998)
Alpha-tocopherol inhibits the respiratory burst in human monocytes attenuation of
p47(phox) membrane translocation and phosphorylatien/ournal of Biological
Chemistry 273(49), 3280132805

Calderelli V, Benassi M, Visentainer J, Matioli G (2010) Quinoa éadéed: potential

12K



ingredients in the production of bread with functional quality. Brazilian Archives
of Biology and Technology3 (4), 981-986

Cao X, Ito Y (2003) Supercritical fluid extraction of grape seed oil and subsequent
separation of free fatty acids by high-speed counter-current chromatography.
Journal of Chromatography021 (1-2), 117-124

Cheng Z, Su L, Moore J, Zhou K, Luther M, Yin J, Yu L (2006) Effects of post-harvesting
treatment and heat stress on availability of wheat antioxidants. Journal of
Agricultural and Food Chemistry4 (15), 5623-5629

Choi Y, Lee J (2008) Antioxidant and antiproliferative properties of a tocotrienol-rich
fraction from grape seeds. Food Chemistryl 14 (4), 1386-1390

Center for Disease Control and Prevention (2005) The Impact of Chronic Diseases on
Healthcare.Available online: http://www.forahealthieramerica.com/ds/impact-of-
chronic-disease.html

Center for Disease Control and Prevention (2010) Chronic Disease Prevention and Health
Promotion Available online:
http://www.cdc.gov/chronicdisease/overview/index.htm

Chui MH, Greenwood CE (2008) Antioxidant vitamins reduce acute meal-induced
memory deficits in adults with type 2 diabetes. Nutrition Researc28 (7), 423-429

Coda R, Rizzello G, Gobbetti M (2010) Use of sourdough fermentation and pseudo-
cereals and leguminous flours for the making of a functional bread enriched of
gamma-aminobutyric acid (GABA). International Journal of Foodlicrobiology
137 (2-3), 236-245

Conforti F, Cachaper K (2009) Effects of selected antioxidants on physical and sensory

17A



characteristics of yeast bread containing flaxseed meatuational Journal of
Consumer Studies 33 (1),89-93

Coppens P, Da Silva MIPettman S (2005) European regulations on nutraceuticals,
dietary supplements and functional foods: a framework based on safety.
Toxicology 221 (1),59-74

Darnoko D, Cheryan M, Moros E, Jerrel J, Perkins E (2000) Simultaneous HPLC Analysis
of Palm Luteins ad Tocopherols Using a-80 column and photodiode array
detectorJournal of Liquid Chromatography & Related Technologies 23 (12),
1873

De Beer D, Joubert E, Gelderblom WCA, Manley M (2003) Antioxidant Activity of South
African Red and White Cultivar Wines: Free Radical Scavengmngnal of
Agricultural and Food Chemistry 51 (4), 902909

De Lange D (2007) From red wine to polyphenols back: A journey through the history
of the French Paradox [Editorialfirombosis Research 119(4), 403406

DelgadeAndrade C, Condé&guilera JA, Haro A, Pastoriza Dela Cueva S, Rufian
Henares JA (2010) A combined procedure to evaluate the global aatbxid
response of breadournal of Cereal Science 52 (2), 239246

Dulak J (2005) Nutraceuticals as aatigiogenic agents: hopes aedlity. Journal of
Physiology and Pharmacology 56 (supl)51-69

Eastwood M (1999) Interaction of dietary antioxidantsiwo: how fruit and vegetables
prevent diseas€.JM 92 (9), 527530

Falchetti R, Fuggetta MP, Lanzilli G, Tricarico, [Ravagnan G (2001) Effects of

resveratrol on human immune cell functidgfe Sciences 70 (1), 81:96

127



Fan L, Zhang S, Yu L, Li M (2006) Evaluation of antioxidant property and quality of
breads containing Auricularia auriculapolysaccharide flour. Food Chemistry01
(3), 1158-1163

Fan P, Lou H (2004) Effects of polyphenols from grape seeds on oxidative damage to
cellular DNA. Molecular and Cellular Biochemist367 (1-2), 67-74

FAOSTAT (2007) Grape production in the United States on America in 2007. Countries
by CommodityAvailable online: http://faostat.fao.org/site/339/default.aspx

Institute of Food Technologists (2009) Functional foods: Opportunities and challenges.
Available online:
http://members.ift.org/IFT/Research/IFTExpertReports/functionalfoods report.ht.

Farre G, Twyman RM, Zhu C, Capell T, Christou P (2010) Nutritionally enhanced crops
and food security: scientific achievements versus political expediency. Current
Opinion in Biotechnolog®2 (2), 1-7

Fuleki T, Ricardo, da Silva JM (1997) Catechin and procyanidin composition of seeds
from grape cultivars grown in Ontario. Journal of Agricultural and Food
Chemistry5s (4), 1156-1160

Furiga A, Lonvaud-Funel A, Badet C (2009) In vitro study of antioxidant capacity and
antibacterial activity on oral anaerobes of a grape seed extract. Food Chemistry
113 (4), 1037-1040

Gill S, Vasanthan T, Ooraikul B, Rossnagel B (2002) Wheat bread quality as influenced
by the substitution of waxy and regular barley flours in their native and extruded

forms. Journal of Cereal Scien&® (2), 219-237

17R



Goncalves S, Maria AV, Silva-Herdade Ana S, Martins de Silva J, Saldanha C (2007)
Milk enriched with phytosterols reduces plasma cholesterol levels in healthy and
hypercholesterolemic subjects. Nutrition ResearcR7 (4), 200-205

Goni I, Martin N, Saura-Calixto F (2005) In vitro digestibility and intestinal fermentation
of grape seed and peel. Food Chemistrp0 (1-2), 281-286

Grimm KA, Blanck HM, Scanlon KS, Moore LV, Grummer-Strawn LM, Foltz JL (2010)
State-specific trends in fruit and vegetable consumption among adults. Morbidity
and Mortality Weekly ReporAvailable online:
http://www.cdc.gov/mmwr/preview/mmwrhtml/ mm5935al.htm

Guedes de Pinho P, Silva Ferreira AC, Mendes Pinto M, Gomez Benitez J, Hogg TA
(2001) Determination of carotenoid profiles in grapes, musts, and fortified wines
from Douro varieties of Vitis vinifera Journal of Agricultural and Food Chemistry
49 (11), 544-548

Guendez R, Kallithraka S, Makris DP, Kefalas P (2005) Determination of low molecular
weight polyphenolic constituents in grape (Vitis Viniferasp.) seed extracts:
Correlation with antiradical activity. Food Chemistrg9 (1), 1-9

Guo C, Yang J, Wei J, Li Y, Xu J, Jiang Y (2003) Antioxidant activities of peel, pulp and
seed fractions of common fruits as determined by FRAP assay. Nutrition Research
23 (12), 1719-1726

Hatzidimitriou E, Nenadis N, Tsimidou MZ (2007) Changes in the catechin and
epicatechin content of grape seeds on storage under different water activity (ay)

conditions. Food Chemistryt05 (4), 1504-1511

170



Hennig B, Ettinger A, Jandacek R, Koo S, McClain C, Seifried H (2007) Using nutrition
for intervention and prevention against environmental chemical toxicity and
associated diseasd8wironmental Health Perspectives 115(4), 493495

Howitz KT, Bitterman K, Cohen HY, Lamming DW, Lavu S, Wood JD, Zipkin RE,
Chung P, Kisielewski A, Zhang-L, Scherer B, Sinclair DA (2003) Small
molecule activators of sirtuins extefidccharomyces cerevisiae lifespan.Nature
425 (6954), 191196

Hu G, Huang S, Cao S, Ma Z (Z)Effect of enrichment with hemicelluloses from rice
bran on chemical and functional properties of bréadd Chemistry 115 (3),83%
842

Huang Z, Wang B, Williams P, Pace RD (2009) Identification of anthocyanins in
muscadine grapes with HPEESFMS. LWT - Food Science and Technology 42
(4),819-824

lacopini P, Baldi M, Storchi P, Sebastiani L (2008) Catechin, epicatechin, quercetin, rutin
and resveratrol in red grape: Conténtyitro antioxidant activity and interactions.
Journal of Food Composition and Analysis 21 (8) 589598

Inoue M, Suzuki R, Sakaguchi N, Li Z, Takeda T, Ogihara Y, Jiang BY, Chen Y (1996)
Selective induction of cell death in cancer cells by gallic @&iogical and
Pharmaceutical Bulletin 20 (5) 1526-1530

Institute of Food Technologists (200)nctional foods: Opportunities and challenges.
Available online:

http://members.ift.org/IFT/Research/IFTExpertBep/functionalfoods_report.htm

12N



International Food Information Council (20Q2)02 Functional Food Attitudinal
Research. Available online:
http://lwww.foodinsight.org/Resources/Detail.aspx?topic=2002_Functional_Foods__
Attitudinal _Research__

Iso H, Sato S, Umemura U, Kudo M, Koike K, Kitamura A, Imano H, Okamura T, Naito
Y, Shimamoto T (2002) Linoleic Acid, Other Fatty Acids, and the Risk of Stroke.
Stroke 33 (8), 20862093

Izydorczyk M, Chornick T, Paulley F, Edwards N, Dexter J (2008k®liiemical
properties of hulless barley fiberich fractions varying in particle size and their
potential and functional ingredients in thayer flat breadFood Chemistry 108
(2),561-570

Janisch KM, ...IschiSger C, Treutter D, Elstner EF (2006) Sdutigestion o¥itis
vinifera seed powder: Polyphenolic content and antioxidant propefdi@sial of
Agricultural and Food Chemistry 54 (13) 48394848

Jayaprakasha GK, Selvi T, Sakariah KK (2003) Antibacterial and antioxidant activities of
grape (itis vinifera) seed extract¥ood Food Research International 36 (2) 117
122

Kammerer D, Claus A, Carle R, Schieber A (2004) Polyphenol screening of pomace from
red and white grape varietiekifis vinifera L.) by HPLGDAD-MS/MS. Journal
of Agricultural and Food Chemistry 52 (14) 43604367

Karthikeyan K, Sarala Bai B, Niranjali Devaraj S (2007) Cardioprotective effect of grape
seed proanthocyanidins on isoprotereinduced myocardial injury in rats.

International Journal of Cardiology 115(3), 326333

121



Kim H, Hall P, Smith M, Kirk M, Prasain J, Barnes S, Grubbs C (2004) Chemoprevention
by grape seed extract and genistein in carcinogen-induced mammary cancer in rats
is diet dependent. Journal of Nutrition134 (12), 3445-3452

Kim S, Jeong S, Park W, Nam KC, Ahn DU, Lee S (2006) Effect of heating conditions of
grape seeds on the antioxidant activity of grape seed extracts. Food Chemistrg7
(3),472-479

Knekt P, Jarvinen R, Seppanen R, Heliovaara M, Teppo L, Pukkala E, Aromaa A (1997)
Dietary flavanoids and the risk of lung cancer and other malignant neoplasms.
American Journal of Epidemiology6 (3), 223-230

Kurilich AC, Juvik JA (1999) Quantification of carotenoid and tocopherol antioxidants in
Zea mays. Journal of Agricultural and Food Chemistdy (5), 1948-1955

Kwak N, Jukes D (2001) Functional foods. Part 2: the impact on current regulatory
terminology. Food Control12 (2), 109-117

Lafka T, Sinanoglou V, Lazos ES (2007) On the extraction and antioxidant activity of
phenolic compounds from winery wastes. Food Chemistryl04 (3), 1206-1214

Landrum JT, Bone RA (2001) Lutein, zeaxanthin and the macular pigment. Archives of
Biochemistry and Biophysiés85 (1), 28-40

Lazzé MC, Pizzala R, Savio M, Stivala LA, Prosperi E, Bianchi L (2003) Anthocyanins
protect against DNA damage induced by tert-butyl-hydroperoxide in rat smooth
muscle and hepatoma cells. Mutation Research35 (1), 103-115

Li X, Wu B, Wang L, Li S (2006) Extractable amounts of trans-resveratrol in seed and
berry skin in Vitis evaluated at the germplasm level. Journal of Agricultural and

Food Chemistry4 (23), 8804-8811

132



Limasset B, Le Doucen C, Dore JC, Ojasoo T, Damon M, Crastes De Paulet A (1993)
Effects of flavanoids on the release of reactive oxygen species by stimulated
human neutrophils: Multivariate analysis of structactivity relationships (SAR).
Biochemical Parmacology46 (7), 12571271

Lin L, Liu H, Yu Y, Lin S, Mau J (2009) Quality and antioxidant property of buckwheat
enhanced wheat bredébod Chemistry112 (4) 987991

Liu RH (2003) Health benefits of fruit and vegetables are from additive and synergistic
combinations of phytochemicalkmerican Journal of Clinical Nutritioid8 (3),
517S520

Louli V, Ragoussis N, Magoulas K (2004) Recovery of phenolic antioxidants from wine
industry byproductsBioresource Technolog§?2 (2), 201208

Luther M, Parry J, Moore J, Meng J, Zhang Y, Cheng Z, Yu L (2007) Inhibitory effect of
Chardonnay and black raspberry seed extracts on lipid oxidation in fish oil and
their radical scavenging and antimicrobial properfr@md Chemistryl04 (3),
10651073

Maier T, Schieber A, Kammerer DR, Carle R (2009) Residues of gvagme\iniferal.)
seed oil production as a valuable source of phenolic antioxidaoad. Chemistry
112 (3) 551559

Makris DP, Boskou G, Andrikopoulos NK (2007) Recovery of antioxidaenplics from
white vinification solid byproducts employing water/ethanol mixtures.
Bioresource Technolod@8 (15), 2963967

ManZ C, Souquet JM, OIIZ D, VerriZs C, VZran F, Mazerolles G (2007) Optimization of

simultaneous flavanol, phenolic acid, andhaciyanin extraction from grapes

12



using an experimental design: Application of characterization of champagne grape
varieties. Food Chemistry 55 (18), 7224-7233

Mazza GJ (2007). Anthocyanins and heart health. Annali Dell'lstituto Superiore Di Sanita
43 (4), 369-374

Meyer AS, Yi OS, Pearson DA, Waterhouse AL, Frankel EN (1997) Inhibition of human
low-density lipoprotein oxidation in relation to composition of phenolic
antioxidants in grapes (Vitis vinifera). Journal of Agricultural and Food Chemistry
45 (5), 1638-1643

Meydani M (2000) Effect of functional food ingredients: vitamin E modulation of
cardiovascular diseases and immune status in the elderly. American Journal of
Clinical Nutrition 71 (6), 1665-1668

Michalska A, Ceglinska A, Amarowicz R, Piskula MK, Szawara-Nowak D, Zielinsky H
(2007) Antioxidant contents and antioxidative properties of traditional rye breads.
Journal of Agricultural and Food Chemistry 55 (3), 734-740

Milner J (2000) Functional foods: The US perspective. American Journal of Clinical
Nutrition 71 (6), 1654-165

Miura Y, Chiba T, Miura S, Tomita I, Umegaki K, Ikeda M, Tomita T (2000) Green tea
polyphenols (flavan-3-ols) prevent oxidative modification of low density
lipoproteins: An ex vivo study in humans. The Journal of Nutritional Biochemistry
11 (3), 216-222

Monagas M, Goémez-Cordovéz C, Bartolomé B, Laureano O, Ricardo da Silva JM (2003)

Monomeric, oligomeric, and polymeric flavan-3-ol composition of wines and

14



grapes from Vitis viniferaL. Cv. Graciano, Tempranillo, and Cabernet Sauvignon.
Journal of Agricultural and Food Chemistfy (22), 6475-6481

Montealegre R, Romero Peces R, Chacon Vozmediano JL, Martinez Gascuefia J, Garcia
Romero E (2006) Phenolic compounds in skins and seeds of ten grape Vitis
viniferavarieties grown in a warm climate. Journal of Food Composition and
Analysisl9 (6-7), 687-693

Moore J, Hao Z, Zhou K, Luthur M, Costa J, Yu L (2005) Carotenoid, tocopherol,
phenolic acid, and antioxidant properties of Maryland grown soft wheat. Journal of
Agricultural and Food Chemistry3 (17), 6649-6657

Moore J, Cheng Z, Su L, Yu L (2006) Effects of solid-state enzymatic treatments on the
antioxidant properties of wheat bran. Journal of Agricultural and Food Chemistry
54 (5), 9032-9045

Moore J, Luther M, Cheng Z, Yu L (2009) Effects of baking conditions, dough
fermentation, and bran particle size on antioxidant properties of whole-wheat pizza
crusts. Journal of Agricultural and Food Chemistfy (3), 832-839

Moore J, Yin J-J, Yu L (2006) Novel fluorometric assay for hydroxyl radical scavenging
capacity (HOSC) estimation. Journal of Agricultural and Food Chemistfy (3),
617-626

Mulero J, Pardo F, Zafrilla P (2010) Antioxidant activity and phenolic composition of
organic and conventional grapes and wines. Journal of Food Composition and
Analysis23 (6), 569-574

Munoz-Espada AC, Wood KV, Bordelon B, Watkins BA (2004) Anthocyanin

quantification and radical scavenging capacity of Concord, Norton, and Marechal

125



Foch grapes and wines. Journal of Agricultural and Food Chemistry 52 (22),
6779-6786

Nandakumar V, Singh T, Katiyar SK (2008) Multi-targeted prevention and therapy of
cancer by proanthocyanidins. Cancer Letters 269 (2), 378-387

Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass A, Keogh JP,
Meyskens FL, Valanis B, Williams JH, Barnhart S, Hammar S (1996) Effects of a
combination of beta carotene and vitamin A on lung cancer and cardiovascular
disease. New England Journal of Medicine 334 (18), 1150-1155

Ou B, Hampsch-Woodill M, Prior R (2001) Development and validation of an improved
oxygen radical absorbance capacity assay using fluorescein as the fluorescent
probe. Journal of Agricultural and Food Chemistry 49 (10), 4619-4626

Park S, Choi SB (2002) Effects of a-tocopherol supplementation and continuous
subcutaneous insulin infusion on the oxidative stress in Korean patients with type-
2 diabetes. American Journal of Clinical Nutrition 75 (4), 728-733

Parry J, Su L, Moore J, Cheng Z, Luther M, Rao JN (2006) Chemical compositions,
antioxidant capacities, and antiproliferative activities of selected fruit seed flours.
Journal of Agricultural and Food Chemistry 54 (11), 3773-3778

Pastrana-Bonilla E, Akoh CC, Sellappan S, Krewer G (2003) Phenolic content and
antioxidant capacity of Muscadine grapes. Journal of Agricultural and Food
Chemistry 51 (18), 5497-5503

Pearson DA, Holt RR, Rein D, Paglieroni T, Schmitz H, Keen C (2005) Flavanols and
platelet reactivity. Clinical and Developmental Immunology 12 (1), 1-9

Penella J, Collar C, Haros M (2008) Effect of wheat bran and enzyme addition on dough

1A



functional performance and phytic acid levels in bread. Journal of Cereal Science
48 (3), 715-721

Peng X, Ma J, Cheng K, Jiang Y, Chen F, Wang M (2010) The effects of grape seed
fortification on the antioxidant activity and quality attributes of bread. Food
Chemistry 119 (1), 49-53

Pinelo M, Rubilar M, Jerez M, Sineiro J, Nufiez MJ (2005) Effect of solvent, temperature,
and solvent-to-solid ratio on the total phenolic content and antiradical activity of
extracts from different components of grape pomace. Journal of Agricultural and
Food Chemistry 53 (6),2111-2117

Polagruto J, Wang-Polagruto J, Braun M, Lee L, Kwik-Uribe C, Keen C (2006) Cocoa
flavanol-enriched snack bars containing phytosterols effectively lower total and
low-density lipoprotein cholesterol levels. Journal of the American Dietetic
Association 106 (11), 1804-1813

Poudel PR, Tamura H, Kataoka I, Mochioka R (2008) Phenolic compounds and
antioxidant activities of skins and seeds of five wild grapes and two hybrids native
to Japan. Journal of Food Composition and Analysis 21 (8), 622-625

Prasain JK, Peng N, Dai Y, Moore R, Arabshahi A, Wilson L, Barnes S, Wyss JM, Kim
H, Watts RL (2009) Liquid chromatography tandem mass spectrometry
identification of proanthocyanidins in rat plasma after oral administration of grape
seed extract. Phytomedicine 16 (2-3), 233-243

Prior RL, Gu L (2005) Occurrence and biological significance of proanthocyanidins in the

American diet. Phytochemistry 66 (18), 2264-2280

137



Rebrin 1, Zicker S, Wedekind KJ, PaetRobinson |, Packer L, Sohal RS (2005) Effect of
antioxidantenriched diets on glutathione redox status in tissue homogenates and
mitochondria of the senesceraecelerated mouse€ree Radical Biology &

Medicine 39 (14), 549557

Renaud S, de Lorgeril M (1992) Wine, alcohol, platelets, and the French paradox for
coronary heart diseasBie Lancet 339(8808), 15231526

Ricardo Da Silva JM, Darmon N, Fernandez Y, Mitjavila S (1991) Oxygen free radical
scavenger capacity agueous models of different procyanidins from grape seeds.
Journal of Agricultural Food Chemistry 39 (9), 15491552

Romero I, SancheBallesta MT, Escribano MI, Merodio C (2008) Individual
anthocyanins and their contribution to total antioxidagacity in response to low
temperature and high CO2 in stored cardinal table gr&pegarvest Biology and
Technology 49 (1) 1-9

RussdlR (1999) AtherosclerosBAnN inflammatory @dseaseNew England Journal of
Medicine 340 (24) 115126

Saiz A, lurina M, Borla P, Fritz R (2007) Rheological properties of dough and sensory
quality of bread made from a wholemeal-wykeat blend with the addition of
gluten.ftalian Journal of Food Science 19 (2),439448

Saldeen T, Wallin R, Marklinder | (1998) Effectd a small dose of stable fish oil
substituted for margarine in bread on plasma phospholipid fatty acids and serum

triglycerides Nutrition Research 18 (9), 14831492

12K



Sangnark A, Noomhorm A (2004) Effect of dietary fiber from sugarcane bagasse and
sucroseester on dough and bread properttd®T Food Science and Technology
37 (7),697-704

Schieber A, Stintzing FC, Carle R (2001)-Bsoducts of plant food processing as a source
of functional compoundsecent development&rends in Food Science &
Technology 12 (11), 401413

Seidel C, Boehm V, Vogelsang H, Wagner A, Persin C, Glei M,-Robel B, Jahreis G
(2007) Influence of prebiotics and antioxidants in bread on the immune system,
antioxidative status and antioxidative capacity in male smokers arshmdxers.
British Journal of Nutrition 97 (1), 349356

Seifried HE, Anderson DE, Fisher EI, Milner JA (2007) A review of the interaction
among dietary antioxidants and reactive oxygen spekigsial of Nutritional
Biochemistry 18(9), 567579

Shahidi F (2004) Functional foods: their role in health promotion and disease prevention.
Journal of Food Science 69 (5), 146149

Shi J, Yu J, Pohorly JE, Kakuda Y (2003) Polyphenolics in grape-bemcteemistry and
functionality.Journal of Medicinal Food 6 (4), 292299

Slavin M, Kenwothy W, Yu L (2009) Antioxidant properties, phytochemical
composition, and antiproliferative activity of Marylagdown soybeans with
colored seedaats.Journal of Agricultural and Food Chemistry 57 (23), 11174
11185

Smith WL (2007) Nutritionally essential fatty acids and biologically indispensable

cyclooxygenased.RENDS in Biochemical Sciences 33 (1), 2737

1209



Spranger I, Sun B, Mateus AM, de Freitas V, Ricardo da Silva JM (2008) Chemical
characterization and antioxidaactivities of oligomeric and polymeric
procyanidin fractions from grape seeBsod Chemistryl08 (2) 519532

Stocler R, Keaney JF (2004) Role ofidative modifications in atherosclerosis.
Physiological Reviewd4 (4), 13811478

Tao HY, Wu CF, Zhou Y, Gong WH, Zhang X, Iribarren P (2004) The grape component
resveratrol interferes with the function of chemoattractant receptors on phagocytic
leukocytesCellular & Molecular Immunologyt (1), 5056

Tapiero H, Townsend DM, Tew KD (28DPPhytosterols in the prevention of human
pathologiesBiomedicine & Pharmacotheraf7 (8) 321-325

Tappel Al (1998) Models of tocopherol protection against oxidative darmagerican
Oil Chemist Society (AOSC) Infor9n(10), 1016

Thomas P, Wang Y, Zhonly Kosaraju S, OOCallaghan NJ, Zhou X, Fenech M (2009)
Grape seed polyphenols and curcumin reduce genomic instability events in a
transgenic mouse model for AlzheimerOs disdasiation Research61 (12),
25-34

Vattem D, Ghaedian R, Shetty K (2005) Entiag health benefits of berries through
phenolic antioxidant enrichment: focus on cranbeloyrnal of Clinical Nutrition
14 (2) 130130

Verbeke W (2006) Functional foods: Consumer willingness to compromise on taste for

health?Food Quality and Preferae 17 (1), 126131

140



Wang CY, Wang SY, Yin-J, Parry J, YW (2007) Enhancing antioxidant,
antiproliferation, and free radical scavenging activities in strawberries with
essential oils/ournal of Agricultural and Food Chemistry 55 (16), 65276532

Wang J, Rsell C, Barber C (2002) Effect of the addition of different fibers on wheat
dough performance on bread qualitpod Chemistry 79 (2),221-226

Wood JG, Rogina B, Lavu S, Howitz K, Helfand SL, Tatar M, Sinclair D (2004) Sirtuin
activators mimic caloric restriction and delay ageing in metazoams:e 430
(7004, 686689

World Health Organization (201 Dhronic Diseases and Health Promotion. Available
online: http://www.who.int/chp/en/index.html

Wu X, Beecher G, Holden J, Haytowitz D, Gebhard®®r R (2004) Lipophilic and
hydrophilic antioxidant capacities common foods in the United Statdsurnal
of Agricultural and Food Chemistry 52 (12), 40264037

Yan X, Murphy B, Hammond G, VinsoJ, Neto C (2002) Antioxidant activities and
antitumor screening of extracts from cranberwtf(Vaccinium macrocarpon).
Journal of Agricultural and Food Chemistry 50 (21), 58445849

Yamakoshi J, Saito M, Kataoka S, Tokutake S (2002) Procyandfirextract from grape
seeds prevents cataract formation in hereditary cataractous (ICR/§prais! of
Agricultural and Food Chemistry 50 (17) 49834988

Yemis O, Bakkalbasi E, Artik N (2008) Aotidative activities of grapd/ftis vinifera)
seed extracts obtained from different varieties grown in tutkeynational
Journal of Food Science and Technology 43 (1) 154159

Yilmaz Y, Toledo R (2004) Major flavonoids in grape seeds and skins: antioxidant

141



capacity of catechin, epicatechin, and gallic adodirnal of Agricultural and Food
Chemistry52 (2), 255260

Yilmaz Y, ToledoRT (2006) Oxygen radical absorbance capacitiggape/wine industry
byproductsandeffect of solvent type on extraction of grape seed polyphenols
Journal of Food Compositioand Analysis19 (1), 4148

Yu L, Haley S, Perret J, Harris M (2002) Antioxidant properties of extracts from hard
winter wheatFood Chemistry’8 (4), 457461

Yu L, Pary J, Zhou K (2005Dils from herbs, spices, and frugexds.In: Shahidi, F.
Bailey's Industrial Oil and Fat Prods¢6th ed). Hoboken: John Wiley & Sons.
233-258pp

Yu L, Perret J, Harris M, Wilson J, Haley S (2003) Antioxidant propedidsan extracts
from "akron" wheat grown at different locatiod®urnal of Agricultural and Food
Chemistry51 (5) 266270

Xu C, Zhang Y, Cao L, Liu J (2010) Phenolic compounds and antioxidant properties of
different grape cultivars grown in Chirfeood ChemistryL19 (4), 15571565

Zandi P, Anthony J, Khachaturian A, Stone S, Gustafson D, Tschanz J, Norton M; Welsh
Bohme K, Breitner J (2004) Reduced risk of AD in users of antioxidant vitamin
supplementsArchives of Neurolog§1(1), 82-88

Zawistowski J (2010 angible Health Benefits of Phytosterol Functional Fodds).
Smith, & E. Charter (Eds.), Functional Food Product Devetg. Oxford, U.K.:
Wiley-Blackwell.

Zern TL, West KL, Fernandez ML (2003) Grape polyphenols decrease plasma

triglycerides and cholesterol accumulation in the aorta of ovariectomized guinea

1472



pigs. The Journal of Nutrition 133 (7), 2268272

Zern TL, Wood RJGreene C, West KL, Liu Y, Aggarwal D, Shachter NS, Fernandez ML
(2005) Grape polyphenols exert a cardioprotective effect g
postmenopausal women by lowering plasma lipids and reducing oxidative stress.

The Journal of Nutrition 135 (8), 19111917

14



Appendices

Appendix A: Script

[A Team IMMUNE member will enter the room that the class is meeting with prepared
bread samples, small glasses of water, and table crackers. The student will introduce
themselves to the class.]

I am [name], a Gemstonestudent from Team IMMUNE . We are conducting research
on bread containing grape seed ingredients, which we have prepardart of this
research includes evaluating consumer opinions about the grape seed bread through
taste testsYour participation in our t aste test will help us to complete our teamOs
thesis and contribute to academic literature regarding this type of food modification
Your participation is entirely voluntary, and there is no penalty for declining to
participate. If you are interested in paticipating in our study, please thoroughly

read and complete this consent form. [Hand out consent forms to students that wish
to participate.] Please note that the samples you will be asked to taste as part of this
study contain wheat flour, grape seedldur, grape seed oil, vegetable oil, sugar, yeast,
salt, and water. Please do not participate in this study if you have an allergy to bread
or any of the ingredients or have a medical condition that prohibits you from
consuming gluten

[Team IMMUNE member will wait for students to read and sign consent form if they still
wish to participate, and then collect the papers and put them in a sealed envelope. ]

You will be given two samples of bread. Between tasting the two different samples
you should clean wpur palate by eating the cracker and taking a sip of water. For
each sample, you will circle an answer or rate your reactions by marking with a
vertical tick mark between strongly dislike and strongly like scale line. Please mark
with a clear line becauseghey will be measured for data collectionPlease do not
include your name or any identifying information on the survey.

Please do not converse or interact with any other participants during tastindf you
have any questions regarding this study, feel &e to ask me at any timeYou can
choose to stop participating in this study at any time.

[Team IMMUNE member will then give each student two samples of bread. Sample A
will be the control bread sample; Sample B will be the grape seed sample. Also, each
participant will be given a small glass of water and table crackers. Once the participant has
finished the survey, the Team IMMUNE member will collect the surveys and place them
in a separate sealed envelope. |

Thank you for your time! Our Gemstone Team isn our last year of researchWe
have already completed a comprehensive chemical analysis of many different types
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of grape seed flours and oils, and designed our own novel grape seed bread through
baking many prototypes We are now using chemical tests tassess the antioxidant
properties of our bread, and are using these surveys to assess if the bread is
acceptable to consumerdf you have any further questions regarding this study or

our teamOs project, please feel free to contact me directly email our group at
immune@umd.edu

[Any remaining bread samples, table crackers, or water glasses will be thrown away. The

IMMUNE member will then leave the classroom and return the sealed envelopes to Dr.
Yu’s office]
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Appendix B: CONSENT FORM

Project Title

Consumer Acceptance Analysis of Grape Seed Bread

Why is this
research being
done?

This is a research project being conducted by&emstone IMMUNE
undergraduate research team in cooperation with @ahedatory of
Nutraceuticalsand Functional Foodst the University of Maryland,
College ParkThe purpose of this research project is to promote the
adoption and utilization ajrape seeds integratedardaily diet Thus,
theobjective of this experiment is to examine tdomsumer perception
of prepared bread that contains grape seed flour and oil that are rig
antioxidants.

What will | be asked
to do?

The procedure involves yoewaluation of grape seed bread sample
and a control wheat bread sampleu will be given bread to taste an
then asked to complete a survey about the breadOs taste, texture,
color. The entire procedure should take no longer than approximatg
twenty (20) minutes.

What about
confidentiality?

We will do our best to keep your personal information confidenftil
help protect your confidentialityye will not collect any identifying
information on the surveySurveys will be kept in a locked office.

If we write areport or article about this research project, your identit
will be protected to the maximum extent possibleur information
may be shared with representatives of the University of Maryland,
College Park or governmental authorities if you or someomei€is
danger or if we are required to do so by law.

What are the risks
of this research?

There may be some risks from participating in this research.sttidy
you are allergic to any of the ingredients in the bread (wheat flour,
bread flour, saltsugar, water, yeast, oil, grape seed flour, grape se€
oil), you should not participate in this studyyou have a medical
condition that makes you unable to eat gluten products, you should
participate in this studyl'here are no other known riskssasiated with
participating in this research project
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Project Title

Consumer Acceptance Analysis of Grape Seed Bread

What are the
benefits of this
research?

The benefits to you include increased awareness of the health-beneficial
properties of antioxidants, specifically in grape seed derivatives.

Do | have to be in
this research?
May | stop
participating at any
time?

Your participation in this research is completely voluntary. You may
choose not to take part at all. If you decide to participate in this
research, you may stop participating at any time. If you decide not to
participate in this study or if you stop participating at any time, you will
not be penalized or lose any benefits to which you otherwise qualify.

What if | have
questions?

This research is being conducted by Dr. Liangli Yu of the Department
of Nutrition & Food Science at the University of Maryland, College
Park. If you have any questions about the research study itself, please
contactDr. Liangli Yu at: 3303 Marie Mount Hall, College Park, MD
20740, (301)-405-0761, or lyuS@umd.edu.

If you have questions about your rights as a research subject or wish to
report a research-related injury, please contact: Instit utional Review
Board Office, University of Maryland, College Park, Maryland,
20742;

(e-mail) irb@deans.umd.edy (telephone) 3034050678

This research has been reviewed according to the University of
Maryland, College Park IRB procedures for research involving human
subjects.

Statement of Age
of Subject and
Consent

Your signature indicates that:

you are at least 18 years of age;

the research has been explained to you;

your questions have been fully answered; and

you freely and voluntarily choose to participate in this research
project.

Signature and Date

NAME OF SUBJECT

SIGNATURE OF SUBJECT

DATE
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Appendix C: Team IMMUNE Survey

Please taste each sample, eating the provided crackers and drinking some of the water in
between each sample to cleanse your palate.

Do you have a taste preference for one of the samples?
Yes No

Which sample do you prefer? Why do you prefer this sample?
A B No Preference
Comments (optional):

3. How much do you like the color of Sample A?

Strongly Dislike Dislike Neutral Like Strongly Like

How much do you like the texture of Sample A?

Strongly Dislike Dislike Neutral Like Strongly Like

How much do you like the flavor of Sample A?

Strongly Dislike Dislike Neutral Like Strongly Like

How much do you like the color of Sample B?

| | | | |
Strongly Dislike Dislike Neutral Like Strongly Like

How much do you like the texture of Sample B?

I | | | I
I I I I I
Strongly Dislike Dislike Neutral Like Strongly Like

How much do you like the flavor of Sample B?

I | | | I
I I I I I
Strongly Dislike Dislike Neutral Like Strongly Like
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Glossary

Anthocyanin: a common flavanoid which gives grapes and grape seeds their purple
coloring. AnthocyaninOs health benefits includeiafiimmation of blood vessels and
reduction of platelet coagulability (Mazza, 2007).

Anticarcinogenic: having to do with preventing éhdevelopment of cancer

Antimycotic: antifungal

Antioxidants: molecules that reduce oxidative stress in the body by slowing and
preventing fregadical oxidation reactions, which occur naturally in the human body anti
proliferative activity

Atherosclerosis: the hardening of the arteries caused by formation of plaques in the
arteries. It can lead to strokes and heart attacks.

[Beta]-carotene: a carotenoid that is a precursor to vitamin A. ItOs stronglyreede
colored and common in fruits and plants.(carrots).

Bioactive: having an effect on living tissue

Bioavailability: physiological availability of a chemical in the body for use

Biomarkers: biological molecules used as an indicator to measure progress of processes
Carotenoids: photosynthetic plamtigments that are faoluble and possess antioxidative
properties. Examples include baarotene and lutein.

Cold pressed: temperature controlled processing technique in which oil is produced with
the use of low heat technique. High heat degradedatber fand the nutritional value of

the oil product, so cold pressing yields higher quality.

Cytotoxicity: toxicity to cells

140



Dietary fibers: parts of grains, fruit, and vegetables that contain cellulose. They are not
digested by the body and help the ititesto absorb water.

Flavanoids most common group of polyphenolic compounds in the human diet. TheyOre
commonly found in plants and are also known as vitamin P. Key types of flavanoids
present in grapes and grape seeds are proanthocyanidins, anthe@m@ahiresveratrol.

Free radicals strong oxidizing molecules that exist in the human body as a natural
product of metabolism and function

Functional food: food that provides an additional physiological benefit beyond that of its
inherent nutritional vale (Bidlacket al.,2005)

Glutathione (GSH): tripeptide that have an peptide linkage between the amine group of
cysteine and the carboxyl group of the glutamate ciidén. It has antioxidative properties
and can exist in both reduced (GSH) and oxidizedSG)Sstates.

Glycation: bonding of sugar to a lipid of protein

Homeostasis the stable and normal state

Lutein: a type of carotenoid that may reduce the risk of certain eye diseases (Lahdrum
al., 2001).

Low-density lipoprotein (LDL): one type of carrier of cholesterol and fat in blood,
linked to increased risk of heart disease

Malignant: tending to get worse or spread

Monocyte: a type of white blood cell and part of the human immune system.
Nutraceutical: a food that has specific Hkabenefits, combines the words "nutrition”

and "pharmaceutical”

Oxidative stress:imbalance between the reactive oxygen species and a biological system
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to detoxify the reactive intermediates. It can be caused by overexposure to sunlight,
smoking, dailyexposure to certain chemicals, and improper diet.

Plaque: buildup of white blood cell deposits on the inside wall of an artery
Polyphenols: conjugated chemicals that have been shown to have antioxidative
properties. TheyOre commonly found in plants amdlao known as phenoloids, phenols,
or phenolics.

Relative luminescence: the amount of light emitted, corresponds with the number of
living cells

Resveratrol: a type of polyphenol that is naturally produced by plants.

Saponification: chemical processybwhich fatty acids from tryglycerides are separated
from glycerol to enable quantification by gas chromatography

Tocotrienol: a member of the vitamin E family. Vitamin E is made up of four tocopherols
and four tocotrienols. Vitamin E is an important axigiant in the body.

Unsaturated fatty acids: carboxylic acids with a long unbranched and unsaturated tail.
They are unsaturated because they have one or more double bonds.

Thrombosis: formation of a blood clot within a blood vessel
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