
Vacuum-PackagedVacuum-PackagedVacuum-Packaged PrecookedPrecookedPrecooked PorkPorkPork fromfromfrom HogsHogsHogs FedFed
Fed
 
SupplementalSupplementalSupplemental VitaminVitaminVitamin E:E:E: Chemical,Chemical,Chemical, Shelf-LifeShelf-LifeShelf-Life andand
and
 

SensorySensorySensory PropertiesProperties
Properties
 

J.E.J.E.J.E. CANNON,CANNON,CANNON, J.B.J.B.J.B. MORGAN,MORGAN,MORGAN, G.R.G.R.G.R. SCHMIDT,SCHMIDT,SCHMIDT, R.J.R.J.R.J. DELMORE,DELMORE,DELMORE, J.N.J.N.J.N. SOFOS,SOFOS,SOFOS, G.C.G.C.G.C. SMITH,SMITH,SMITH, andandand S.N.S.N.S.N. WILLIAMSWILLIAMSWILLIAMS 

ABSTRACTABSTRACTABSTRACT 
PrecookedPrecookedPrecooked longissimuslongissimuslongissimus chopschopschops andandand semimembranosus/adductorsemimembranosus/adductorsemimembranosus/adductor roastsroastsroasts 
fromfromfrom pigspigspigs (n(n(n === supple30)30)30) givengivengiven nonono supplementalsupplementalsupplemental vitaminvitaminvitamin EEE (CON)(CON)(CON) ororor supplesupple
mentedmentedmented withwithwith 100100100 mgmgmg vitaminvitaminvitamin E/kgE/kgE/kg dietdietdiet (VITE)(VITE)(VITE) werewerewere evaluatedevaluatedevaluated forforfor lIpIdlIpId 
oxidation,oxidation,oxidation, microbialmicrobialmicrobial growth,growth,growth, sensorysensorysensory characteristics,characteristics,characteristics, cooking/storagecooking/storagecooking/storage 
losseslosseslosses andandand reheatingreheatingreheating losses.losses.losses. ChopsChopsChops andandand roastsroastsroasts werewerewere vacuumvacuumvacuum packaged,packaged,packaged, 
precookedprecookedprecooked tototo 60°C60°C60°C andandand storedstoredstored atatat 2°C2°C2°C forforfor 0,0,0, 7,7,7, 14,14,14, 28,28,28, ororor 565656 days.days.days. LipidLipidLipid 

lipid 

oxidationoxidationoxidation waswaswas lowerlowerlower ininin VITEVITE chopschops andandand roastsroastsroasts thanthanthan ininin CONCONCON chopschopschops andandand 
roasts.roasts.roasts. Off-flavorOff-flavorOff-flavor intensityintensityintensity scoresscoresscores werewerewere moremoremore acceptableacceptableacceptable andandand storage/storage/storage/ 

VITE,chops 

cookingcookingcooking losseslosseslosses werewerewere lowerlowerlower forforfor VITEVITEVITE roastsroastsroasts thanthanthan forforfor CONCONCON roasts.roasts.roasts. SupSupSup
plementationplementationplementation ofofof vitaminvitaminvitamin EEE ininin aaa swineswineswine dietdietdiet providedprovidedprovided addedaddedadded prot.ectionprot.ectionprotection
againstagainstagainst lipidlipidlipid oxidationoxidationoxidation andandand precookingprecookingprecooking porkporkpork underunderunder vacuumvacuumvacuum proVIdedproVIded aaaprovided 
palatablepalatablepalatable productproductproduct withwithwith aaa shelf-lifeshelf-lifeshelf-life of;::of;:: 565656 days.days.days.of 2 
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INTRODUCTIONINTRODUCTIONINTRODUCTION 

AAA PROBLEMPROBLEMPROBLEM associatedassociatedassociated withwithwith precooked/stored/reheatedprecooked/stored/reheatedprecooked/stored/reheated meatmeatmeat isisis 
warmed-overwarmed-overwarmed-over flavorflavorflavor (WOF),(WOF),(WOF), causedcausedcaused bybyby oxidationoxidationoxidation ofofof lipidslipidslipids (Tims(Tims(Tims 
andandand Watts,Watts,Watts, 1958).1958).1958). SuchSuchSuch oxidationoxidationoxidation greatlygreatlygreatly reducesreducesreduces consumerconsumerconsumer acacac
ceptabilityceptabilityceptability becausebecausebecause ofofof associatedassociatedassociated rancidrancidrancid flavorsflavorsflavors (Cross(Cross(Cross etetet aI.,aI.,al., 
1987).1987).1987). Warmed-overWarmed-overWarmed-over flavorflavorflavor isisis ananan importantimportantimportant factorfactorfactor ininin manufacmanufac
turingturingturing andandand marketingmarketingmarketing precookedprecookedprecooked meatmeatmeat products.products.products. 

manufac-

DietaryDietaryDietary vitaminvitaminvitamin EEE (a-tocopherol)(a-tocopherol) maymaymay bebebe usefulusefuluseful asasas ananan antianti
oxidantoxidantoxidant forforfor meatmeatmeat thatthatthat isisis tototo bebebe precooked.precooked.precooked. VitaminVitaminVitamin EEE inactivatesinactivatesinactivates 
freefreefree radicalsradicalsradicals ininin cellcellcell membranes,membranes,membranes, thusthusthus inhibitinginhibitinginhibiting oxidationoxidationoxidation ofofof 

(ol-tocopherol) anti-

phospholipids,phospholipids,phospholipids, thethethe primaryprimaryprimary sourcesourcesource ofofof WOFWOFWOF (Coelho,(Coelho,(Coelho, 1991).1991). PrePre
viousviousvious studiesstudiesstudies havehavehave shownshownshown thatthatthat lipidlipidlipid oxidationoxidationoxidation waswaswas inhibitedinhibitedinhibited ininin 

1991). Pre

cookedcookedcooked andandand storedstoredstored poultrypoultrypoultry (Lin(Lin(Lin etetet aI.,aI., 1989;1989;1989; AjuyahAjuyahAjuyah etetet aI.,aI., 1993)1993)1993)al., al., 
andandand porkporkpork (Monahan(Monahan(Monahan etetet aI.,aI., 1990a,b,1990a,b,1990a,b, 1992b)1992b)1992b) whenwhenwhen thethethe meatmeatmeat waswaswas 
fromfromfrom animalsanimalsanimals fedfedfed supplementalsupplementalsupplemental vitaminvitaminvitamin E.E.E. SuccessfulSuccessfulSuccessful inhibitioninhibitioninhibition 
ofofof WOFWOFWOF bybyby dietarydietarydietary supplementationsupplementationsupplementation ofofof vitaminvitaminvitamin EEE wouldwouldwould enableenableenable 

al., 

productionproductionproduction ofofof precookedprecookedprecooked meatmeatmeat productsproductsproducts withwithwith acceptableacceptableacceptable shelfshelf
lifelifelife andandand sensorysensorysensory characteristics.characteristics.characteristics. 

OurOurOur objectiveobjectiveobjective waswaswas tototo determinedeterminedetermine thethethe influenceinfluenceinfluence ofofof supplementalsupplementalsupplemental 

shelf-

vitaminvitaminvitamin E,E,E, fedfedfed tototo pigspigs forforfor 848484 daysdaysdays priorpriorprior tototo slaughter,slaughter, ononon lipidlipidDigs slaughter. liuid 
oxidation,oxidation,oxidation, shelf-lifeshelf-life andandand sensorysensory characteristicscharacteristics ofof porkporkpork prepre
cookedcookedcooked usingusingusing cook-in-bagcook-in-bagcook-in-bag technology.technology.technology. 

’shelf&e sensor; c6aracteristicsYof p>e-

MATERIALSMATERIALSMATERIALS &&& METHODSMETHODSMETHODS 

FeedingFeedingFeeding regimenregimenregimen 

TheTheThe dietarydietarydietary treatmentstreatmentstreatments andandand feedingfeedingfeeding periodperiodperiod ofofof thethethe pigspigspigs werewerewere reportedreportedreported 
ininin CannonCannonCannon etetet al.al.al. (1995).(1995).(1995). Briefly,Briefly,Briefly, 303030 crossbredcrossbredcrossbred pigspigspigs werewerewere assignedassignedassigned tototo fivefivefive 
penpenpen blocksblocksblocks basedbasedbased ononon weight.weight.weight. WithinWithinWithin eacheacheach block,block,block, pigspigspigs werewerewere randomlyrandomlyrandomly 
allottedallottedallotted tototo oneoneone ofofof twotwotwo treatmenttreatmenttreatment groups:groups:groups: (1)(1)(1) aaa controlcontrolcontrol dietdietdiet containingcontainingcontaining nonono 
supplementarysupplementarysupplementary vitaminvitaminvitamin EEE (CON)(CON)(CON) andandand (2)(2)(2) aaa dietdietdiet formulatedformulatedformulated tototo containcontaincontain 
100100100 mg/kgmg/kgmg/kg dietdietdiet supplementarysupplementarysupplementary vitaminvitaminvitamin EEE (VITE).(VITE).(VITE). AfterAfterAfter ananan 848484 daydayday feedfeed
inginging period,period,period, pigspigspigs werewerewere slaughteredslaughteredslaughtered usingusingusing commercialcommercialcommercial procedures.procedures.procedures. 

feed-

PrecookedPrecookedPrecooked chopchopchop studystudystudy 

AtAtAt 444 daysdaysdays postmortem,postmortem,postmortem, loinsloinsloins fromfromfrom thethethe rightrightright sidesideside ofofof eacheacheach carcasscarcasscarcass werewerewere 
removed,removed,removed, deboneddeboneddeboned andandand trimmedtrimmedtrimmed tototo nonono moremoremore thanthanthan 0.310.31 cmcmcm ofofof externalexternalexternal fat.fat.fat.0.3 1 

EachEachEach loinloinloin waswaswas slicedslicedsliced intointointo 2.542.542.54 cmcmcm chopschopschops andandand randomlyrandomlyrandomly assignedassignedassigned tototo fivefivefive 
vacuumvacuumvacuum storagestoragestorage timestimestimes (three(three(three chops/storagechops/storagechops/storage time)time)time) ofofof 0,0,0, 7,7,7, 14,14,14, 28,28,28, ororor 565656 
days.days.days. ThreeThreeThree chops/storagechops/storagechops/storage groupgroup werewerewere packagedpackagedpackaged together,together,together, underunderunder vacuumvacuumvacuumsoup
(-0.8(-0.8(-0.8 bar),bar),bar), ininin cook-in-bagscook-in-bagscook-in-bags (CN-530;(CN-530; oxygenoxygen transmissiontransmission rate,rate,rate, 202020 cclccl(Ch-530;-oxygen trar&mission cc/ 
m'/24m'/24 hr,hr, 111 atmatmatm @@@ 22.8°C22.8°C andandand 0%0%0% RH;RH; CryovacCryovac Division,Division, W.R.W.R.W.R. GraceGraceGracem2/24 hr. 22.8”C RH: Crvovac Division.

I 

andandand Company,Company,Company, Ft.Ft.Ft. Worth,Worth,Worth, TX).TX).TX). ChopsChopsChops werewerewere steam-cookedsteam-cookedsteam-cooked ininin aaa commercommer
cialcialcial ovenovenoven (Alkar(Alkar(Alkar ModelModelModel 450,450,450, Alkar,Alkar,Alkar, Lodi,Lodi,Lodi, WI)WI)WI) tototo internalinternalinternal temperaturetemperaturetemperature 

commer

60°C,60°C, showeredshoweredshowered (21°C)(21°C)(21°C) forforfor 101010 minminmin andandand thenthenthen storedstoredstored ininin thethethe absenceabsenceabsence ofofof 
lightlightlight atatat 2°C2°C2°C forforfor thethethe specifiedspecifiedspecified storagestoragestorage period.period.period. LoinLoinLoin chopschopschops assignedassignedassigned tototo thethethe 
6O”C, 

0 period.oodaysdaysdays storagestoragestorage periodperiodperiod werewerewere evaluatedevaluatedevaluated afterafterafter aaa 242424 hrhrhr coolingcoolingcooling period:period: LipidLipidLipid 
oxidationoxidationoxidation determination,determination,determination, totaltotaltotal plateplateplate countcountcount (TPC),(TPC),(TPC), sensorysensorysensory analySIS,analySIS, pH,pH,pH,analysis, 

storcooking/storagecooking/storagecooking/storage losseslosseslosses andandand reheatingreheatingreheating losseslosseslosses werewerewere evaluatedevaluatedevaluated atatat eacheacheach storstor
ageageage time.time.time. Cooking/storageCooking/storageCooking/storage losseslosseslosses werewerewere determineddetermineddetermined fromfromfrom weightsweightsweights recordedrecordedrecorded 
priorpriorprior tototo packagingpackagingpackaging andandand immediatelyimmediatelyimmediately afterafterafter removalremovalremoval fromfromfrom thethethe package.package.package. 

anal-LipidLipidLipid oxidationoxidationoxidation waswaswas determineddetermineddetermined usingusingusing thiobarbituricthiobarbituricthiobarbituric acidacidacid (TBA)(TBA)(TBA) analanal
(w/ysisysisysis proceduresproceduresprocedures ofofof SalihSalihSalih etetet al.al.al. (1987),(1987),(1987), withwithwith thethethe modificationmodificationmodification ofofof 5%5%5% (wI(wI 

v)v)v) aqueousaqueousaqueous trichloroacetictrichloroacetictrichloroacetic acidacidacid asasas thethethe extractionextractionextraction solventsolventsolvent insteadinsteadinstead ofofof perperper
chloricchloricchloric acidacidacid (Raharjo(Raharjo(Raharjo etetet aI.,aI., 1993).1993).1993). ResultsResultsResults werewerewere expressedexpressedexpressed asasas TBATBATBA valuesvaluesvalues 
(mg(mg(mg malonaldehyde/kgmalonaldehyde/kgmalonaldehyde/kg wetwetwet tissue).tissue).tissue). 

al., 

DuplicateDuplicateDuplicate samplessamplessamples forforfor microbialmicrobialmicrobial evaluationevaluationevaluation werewerewere obtainedobtainedobtained bybyby aseptiasepti
callycallycally removingremovingremoving 101010 ggg tissuetissuetissue samplessamplessamples andandand placingplacingplacing themthemthem intointointo stomacherstomacherstomacher 

asepti

bagsbagsbags containingcontainingcontaining 909090 mLmLmL ofofof aaa sterilesterilesterile 0.10.1 %% peptonepeptonepeptone waterwaterwater solution.solution.solution. SamplesSamplesSamples 
werewerewere placedplacedplaced intointointo aaa stomacherstomacherstomacher apparatusapparatusapparatus (Stomacher(Stomacher(Stomacher Lab-BlenderLab-BlenderLab-Blender 400,400,400, 

0.1% 

TekmarTekmarTekmar Company,Company,Company, Cincinnati,Cincinnati,Cincinnati, OH)OH)OH) andandand homogenizedhomogenizedhomogenized forforfor 222 min.min.min. ApproAppro
priatepriatepriate serialserialserial dilutionsdilutionsdilutions werewerewere mademademade ininin sterilesterilesterile peptonepeptonepeptone waterwaterwater andandand 0.10.10.1 mLmLmL ofofof 

Appro-

Nu-eacheacheach diluentdiluentdiluent werewerewere spreadspreadspread ontoontoonto totaltotaltotal plateplateplate countcountcount (TPC)(TPC)(TPC) agaragaragar (Bacto(Bacto(Bacto NuNu
trienttrienttrient Agar,Agar,Agar, DifcoDifcoDifco Laboratories,Laboratories,Laboratories, Detroit,Detroit,Detroit, MI).MI).MI). PlatesPlatesPlates werewerewere incubatedincubatedincubated atatat 
25°C25°C25°C forforfor 484848 hrhrhr andandand bacteriabacteriabacteria coloniescoloniescolonies werewerewere counted.counted.counted. TheTheThe pHpHpH ofofof thethethe 
blendedblendedblended samplessamplessamples waswaswas determineddetermineddetermined atatat eacheacheach samplingsamplingsampling timetimetime usingusingusing ananan AcAc
cumetcumetcumet pHpHpH metermetermeter 505050 (Fisher(Fisher(Fisher Scientific,Scientific,Scientific, Pittsburgh,Pittsburgh,Pittsburgh, PA).PA).PA). 

ChopsChopsChops forforfor sensorysensorysensory evaluationevaluationevaluation werewerewere reheatedreheatedreheated ononon open-

Ac-

FarberwareFarberwareFarberware openopen
hearthhearthhearth grillsgrillsgrills (Farberware(Farberware(Farberware ModelModelModel 155N,155N,155N, WalterWalterWalter Kidde,Kidde,Kidde, Inc.,Inc.,Inc., Bronx,Bronx,Bronx, NY)NY)NY) 

Tech-tototo internalinternalinternal temperaturetemperaturetemperature 70°C70°C70°C monitoredmonitoredmonitored bybyby aaa thermocouplethermocouplethermocouple (Atkins(Atkins(Atkins TechTech
nicalnicalnical Inc.,Inc.,Inc., Gainesville,Gainesville,Gainesville, FL).FL).FL). ChopsChopsChops werewerewere turnedturnedturned onceonceonce atatat 35°C35°C35°C tototo preventpreventprevent 
charring.charring.charring. ImmediatelyImmediatelyImmediately afterafterafter reheating,reheating,reheating, cubedcubedcubed portionsportionsportions fromfromfrom eacheacheach chopchopchop 
werewerewere servedservedserved tototo aaa 6-member6-member6-member trainedtrainedtrained sensorysensorysensory panelpanelpanel forforfor evaluationevaluationevaluation ofofof tenten
derness,derness,derness, juiciness,juiciness,juiciness, porkporkpork flavorflavorflavor intensityintensityintensity andandand off-flavoroff-flavoroff-flavor intensity.intensity.intensity. TheTheThe tastetastetaste 
panelpanelpanel membersmembersmembers hadhadhad previouspreviousprevious sensorysensorysensory evaluationevaluationevaluation experience.experience.experience. TheTheThe panelpanelpanel 

ten-

pre-waswaswas givengivengiven ananan additionaladditionaladditional 4-day4-day4-day trainingtrainingtraining periodperiodperiod wherewherewhere theytheythey evaluatedevaluatedevaluated prepre
cookedcookedcooked porkporkpork whichwhichwhich hadhadhad beenbeenbeen storedstoredstored forforfor extendedextendedextended periodsperiodsperiods ofofof time,time,time, tototo 
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DAYSDAYSDAYS OFOFOF STORAGESTORAGESTORAGE 

I-TBAFig.Fig.Fig. 1-1-TBATBA valuesvaluesvalues forforfor precookedprecookedprecooked chopschopschops from,from,from, controlscontrolscontrols andandand pigspigspigs 
supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin E.E.E. TheTheThe followingfollowingfollowing modelmodelmodel effectseffectseffects werewerewere
observed: Treatment = * Storage = * observed:observed: TreatmentTreatment == *,*, StorageStorage == ** andandand TreatmentTreatmentTreatment Xxx StorageStorageStorage 
interactioninteractioninteraction === *;*;*; wherewherewhere ***‘=== ppP <<< 0.050.050.05 andandand NSNSNS === notnotnot significant.significant.significant. 
a,bTreatmenta,bTreatmenta,bTreatment meansmeansmeans withinwithinwithin thethethe samesamesame storagestoragestorage periodperiodperiod lackinglackinglacking aaa 
commoncommoncommon superscriptsuperscriptsuperscript letterletterletter differdifferdiffer (P(P(P <<< 0.05).0.05).0.05). 

II 

II 
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TableTableTable 1-Sensory1-Sensory propertiespropertiesproperties ofofof precookedprecookedprecooked chopschopschops storedstoredstored 777 tototo 565656 daysdaysdays fromfromfroml-Sensory 
controlscontrolscontrols andandand pigspigspigs supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin E"E"Ea 

DaysDaysDaysTraitb ModelModelModelTraitTraitbb andand
and
 
treatment"treatment"treatme& 777 141414 282828 565656 effect&
effectseffectsdd 

JuicinessJuiciness 
CONCONCON 5.635.635.63 6.476.476.47 4.554.554.55 6.426.426.42 Trt: NSTrt:NS
Trt:NS
 
VITEVITEVITE 4.874.874.87 6.716.716.71 5.355.355.35 5.665.665.66 Star*
Stor*
Stor*
 
SEMeSEMeSEMe 0.2680.2680.268 0.3880.3880.388 0.3290.3290.329 TrtxStor’
0.3040.3040.304 TrtxStor*TrtxStor* 

TendernessTendernessTenderness 
CONCONCON 7.917.917.91 8.148.148.14 7.847.847.84 8.718.718.71 Trt: NSTrt:NSTrt:NS 
VITEVITEVITE 8.378.378.37 8.568.568.56 8.338.338.33 8.208.208.20 Stor:Stor:Stor: NSNSNS 
SEMSEMSEM 0.2570.2570.257 0.2090.2090.209 0.2650.2650.265 0.3370.3370.337 TrtxStorTrtxStorTrtxStor NSNSNS 

Pork·flavorPork·flavor intensityintensityintensity 
CONCONCON 7.437.437.43 7.327.327.32 7.187.187.18 7.367.367.36 Trt: NS 

Pork-flavor 
Trt:NS
Trt:NS
 

VITEVITEVITE 7.647.647.64 7.557.557.55 7.287.287.28 7.017.017.01 Stor:
Star:Star: NSNSNS 
SEMSEMSEM 0.1760.1760.176 0.1300.1300.130 0.1940.1940.194 0.2070.2070.207 TrtxStorTrtxStorTrtxStor NSNSNS 

CHf-flavorintensityCHf-flavorintensity 
CONCONCON 14.4514.4514.45 14.2614.2614.26 13.8313.8313.83 13.9913.9913.99 Trt:Trt:Trt: NSNSNS 
VITEVITEVITE 14.8314.8314.83 14.5514.5514.55 14.0314.0314.03 13.9113.9113.91 Star* 

Off-flavor intensity 

Stor*Stor* 
SEMSEMSEM 0.1570.1570.157 0.1160.1160.116 0.1620.1620.162 0.2080.2080.208 TrtxStorTrtxStorTrtxStor NSNSNS 

••a NoNoNo statisticalstatisticalstatistical differencesdifferencesdifferences werewerewere observedobservedobserved forforfor 000 daysdaysdays andandand 777 daysdaysdays comparisons.comparisons.comparisons. 
cm cm extremelyextremelyextremely dry,dry,dry, tough,tough,tough, blandblandblandbbb SensorySensorySensory measurementsmeasurementsmeasurements usingusingusing aaa 151515 emem linelineline scale;scale;scale; 000 emem === 

andandand intenseintenseintense off-flavor;off-flavor;off-flavor; andandand 151515 ememcm === juicy, tender,extremelyextremelyextremely juicy.juicy. tender.tender. intenseintenseintense pork-flavorpork-flavorpork-flavor andandand 
nonono off-flavor.off-flavor.off-flavor. 

CCON controlcontrolcontrol diet;diet;diet: VITEVITEVITE === dietdietdiet supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin E.E.E.CC CONCON === 

ddd RepeatedRepeatedRepeated measuresmeasuresmeasures modelmodelmodel effects:effects:effects: TrtTrtTrt === treatment,treatment,treatment, StarStarStor === storagestoragestorage period,period,period, TrtxStorTrtxStorTrtxStor 
=== treatmenttreatmenttreatment bybyby storagestoragestorage interaction;interaction;interaction; ••l === Ppp <<< 0.05.0.05.0.05, NSNSNS === notnotnot significant.significant.significant. 
Srandardeee StandardStandard errorerrorerror ofofof leastleastleast squaressquaressquares meansmeansmeans forforfor storagestoragestorage withinwithinwithin treatment.treatment.treatment. 
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DAYSDAYSDAYS OFOFOF STORAGESTORAGESTORAGE 

Fig.Fig.Fig. 2-Cooking/storage2-Cooking/storage2-Cookinglstorage losseslosseslosses forforfor precookedprecookedprecooked chopschopschops fromfromfrom con-concon
trolstrolstrols andandand pigspigspigs supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin E.E.E. TheTheThe followingfollowingfollowing modelmodelmodel 
effectseffectseffects werewerewere observed:observed:observed: TreatmentTreatmentTreatment = === *** andandand TreatTreat== NS,NS,NS, StorageStorageStorage Treat
mentmentment xxx StorageStorageStorage interactioninteractioninteraction === NS;NS;NS; wherewherewhere *** === ppP <<< 0.050.050.05 andandand NSNSNS === 
notnotnot significant.significant.significant. 

familiarizefamiliarizefamiliarize themthemthem withwithwith changeschangeschanges thatthatthat occuroccuroccur ininin porkporkpork duringduringduring storage,storage,storage, specifspecif
icallyicallyically developmentdevelopmentdevelopment ofofof warmed-overwarmed-overwarmed-over flavorflavorflavor (WOF).(WOF).(WOF). PanelistsPanelistsPanelists usedusedused aaa 151515 
cmcmcm linelineline scalescalescale withwithwith anchorsanchorsanchors andandand aaa midpointmidpointmidpoint (0(0(0 cmcmcm === extremelyextremelyextremely dry,dry,dry, tough,tough,tough, 
blandblandbland andandand intenseintenseintense off-flavor;off-flavor;off-flavor; 151515 cmcmcm === extremelyextremelyextremely juicy,juicy,juicy, tender,tender,tender, intenseintenseintense 
pork-flavorpork-flavorpork-flavor andandand nonono off-flavor).off-flavor).off-flavor). SamplesSamplesSamples (70°C)(70°C)(70°C) werewerewere servedservedserved withwithwith waterwaterwater 
(25°C)(25°C)(25°C) tototo membersmembersmembers ofofof thethethe tastetastetaste panelpanelpanel ininin aaa roomroomroom wherewherewhere redredred lightinglightinglighting waswaswas 
used.used.used. OnlyOnlyOnly fivefivefive chopschopschops fromfromfrom eacheacheach treatmenttreatmenttreatment werewerewere evaluatedevaluatedevaluated atatat 000 daysdaysdays 

specif

comparedcomparedcompared tototo 151515 chops/treatmentchops/treatmentchops/treatment evaluatedevaluatedevaluated atatat otherotherother samplingsamplingsampling times.times.times. ReRe
heatingheatingheating losseslosseslosses werewerewere determineddetermineddetermined bybyby weighingweighingweighing samplessamplessamples beforebeforebefore andandand afterafterafter 
reheating.reheating.reheating. AtAtAt 000 days,days,days, thethethe samesamesame fivefivefive chopschopschops fromfromfrom eacheacheach treatmenttreatmenttreatment groupgroupgroup 
usedusedused forforfor sensorysensorysensory analysisanalysisanalysis werewerewere evaluatedevaluatedevaluated forforfor reheatingreheatingreheating loss.loss.loss. 

ProximateProximateProximate analysisanalysisanalysis waswaswas conductedconductedconducted ononon longissimuslongissimuslongissimus musclemusclemuscle fromfromfrom thethethe 
chopschopschops usedusedused forforfor thethethe zerozerozero daydayday evaluation.evaluation.evaluation. Closely-trimmedClosely-trimmedClosely-trimmed longissimuslongissimuslongissimus 

Re-

musclemusclemuscle samplessamplessamples werewerewere preparedpreparedprepared bybyby homogenizinghomogenizinghomogenizing ininin aaa foodfoodfood blender.blender.blender. DuDu
plicateplicateplicate 3-g3-g3-g samplessamplessamples werewerewere usedusedused tototo evaluateevaluateevaluate moisturemoisturemoisture andandand lipidlipidlipid contentcontentcontent 
usingusingusing ananan ovenovenoven dryingdryingdrying procedureprocedureprocedure (70°C(70°C(70°C forforfor 121212 hrhrhr ininin aaa vacuumvacuumvacuum oven)oven)oven) andandand 

Du-

repetitiverepetitiverepetitive washeswasheswashes ofofof petroleumpetroleumpetroleum etheretherether ininin aaa SoxWetSoxWet extractionextractionextraction apparatusapparatusapparatus 
(AOAC,(AOAC,(AOAC, 1990).1990).1990). 

Soxhlet 

TableTableTable 2-2-TotalTotal plateplateplate countcountcount (log(log(log CFU/g)CFU/g)CFU/g) ofofof precookedprecookedprecooked chopschopschops andandand roastsroastsroasts fromfromfrom 
controlscontrolscontrols andandand pigspigspigs supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin EEE 

2-Total 

TraitTraitTrait andandand DaysDaysDays ModelModelModel 
treatmentatreatment"treatment" 000 777 141414 282828 565656 eff ectsbeffectseffectsbb 

PrecookedPrecookedPrecooked chopschopschops 
CONCONCON 2.012.012.01 3.123.123.12 1.911.911.91 2.772.772.77 3.003.003.00 TrtTrtTrt NSNSNS 
VITEVITEVITE 2.142.142.14 3.083.083.08 1.971.971.97 2.662.662.66 3.023.023.02 Star*Stor*Stor* 
SEMCSEMcSEMc 0.0810.0810.081 0.0800.0800.080 0.0390.0390.039 0.2570.2570.257 0.0130.0130.013 1 rtxStorTrtxStorTrtxStor NSNSNS 

PrecookedPrecookedPrecooked roastsroastsroasts 
CONCONCON 1.91x1.911.91xx 3.003.003.00 1.98x1.961.96xx 1.941.941.94 3.003.003.00 l’lt’Trt*Trt* 
VITEVITEVITE 
SEMSEMSEM 

2.57y2.572.57YY 
0.1220.1220.122 

3.003.003.00 
0.1220.1220.122 

2.43y2.43Y2.43Y 
0.1220.1220.122 

1.881.881.88 
0.1220.1220.122 

3.003.003.00 
0.1220.1220.122 

E;tor* 
l’rtxStor* 
Stor*Stor* 
TrtxStor*TrtxStor* 

aaa CONCONCON === controlcontrolcontrol diet;diet;diet; VITEVITEVITE === dietdietdiet supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin E.E.E. 
=== treatment.treatment. StarStartreatment, Stor = period, TrIxStorbbb RepeatedRepeatedRepeated measuresmeasuresmeasures modelmodelmodel effects:effects:effects: TrtTrtTrt == storagestoragestorage pmiod.pmiod. TrtxStorTrtxStor 

=== treatmenttreatmenttreatment bybyby storagestoragestorage interaction;interaction;interaction; ••l === Ppp <<< 0.05.0.05.0.05, NSNSNS === notnotnot significant.significant.significant. 
c meaneCC StandardStandardStandard errorerrorerror ofofof leastleastleast squaressquaressquares meansmeans forforfor storagestoragestorage withinwithinwithin treatment.treatment.treatment. 
x,yx,y MeansMeansMeans ininin thethethe samesamesame columncolumncolumn withinwithinwithin eacheacheach traittraittrait lackinglackinglacking aaa commoncommoncommon superscriptsuperscriptsuperscript letterletterletterW’ 

differdifferdiffer (P(P(P <<< 0.05).0.05).0.05). 
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DAYSDAYSDAYS OFOFOF STORAGESTORAGESTORAGE 

Fig.Fig.Fig. 3-3-TBATBA valuesvaluesvalues forforfor precookedprecookedprecooked roastsroastsroasts fromfromfrom contr(liiscontr(liis andandand pigspigspigs3-TBA contralls 
supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin E.E.E. TheTheThe followingfollowingfollowing modelmodelmodel ElffectsElffects werewerewere 
observed:observed:observed: TreatmentTreatmentTreatment === *,*,*, StorageStorageStorage === *** andandand TreatmentTreatmentTreatment xxX StorageStorageStorage 
interactioninteractioninteraction === *;*;*; wherewherewhere *** === PPP <<< 0.050.050.05 andandand NSNSNS === notnotnot significant.significant.significant. 
a,bTreatmenta,bTreatments,bTreatment meansmeansmeans withinwithinwithin thethethe samesamesame storagestoragestorage periodperiodperiod lackinglackinglacking aaa 

(P 

effects 

commoncommoncommon superscriptsuperscriptsuperscript letterletterletter differdifferdiffer IPIP <<< 0.05).0.05).0.05). 

vacuumvacuumvacuum packagedpackagedpackaged (-0.8(-0.8(-0.8 bar)bar)bar) ininin cook-in-bagscook-in-bagscook-in-bags (CN-530,(CN-530,(CN-530, CryovacCryovacCryovac DiviDivi
sion,sion,sion, W.R.W.R.W.R. GraceGraceGrace &&& Company,Company,Company, Ft.Ft.Ft. Worth,Worth,Worth, TX).TX).TX). PackagedPackagedPackaged roastsroastsroasts werewerewere 
steam-cookedsteam-cookedsteam-cooked tototo internalinternalinternal temperaturetemperaturetemperature 60°C60°C60°C andandand showeredshoweredshowered (21°C)(21°C)(21°C) forforfor 101010 
min.min.min. RoastsRoastsRoasts werewerewere randomlyrandomlyrandomly assigned,assigned,assigned, bybyby treatment,treatment,treatment, tototo fivefivefive storagestoragestorage timestimestimes 
ofofof 0,0,0, 7,7,7, 14,14,14, 28,28,28, ororor 565656 days.days.days. RoastsRoastsRoasts werewerewere heldheldheld atatat 2°C2°C2°C forforfor thethethe specifiedspecifiedspecified 

Divi

storagestoragestorage period.period.period. RoastsRoastsRoasts assignedassignedassigned tototo thethethe 000 daysdaysdays storagestoragestorage periodperiodperiod werewerewere evalevaleval
uateduateduated afterafterafter aaa 242424 hrhrhr coolingcoolingcooling period.period.period. SensorySensorySensory evaluation,evaluation,evaluation, TBATBA analysis,analysis,analysis, 
TPC,TPC,TPC, pH,pH,pH, storagestoragestorage losseslosseslosses andandand reheatingreheatingreheating losseslosseslosses werewerewere determineddetermineddetermined atatat thethethe endendend 
ofofof eacheacheach storagestoragestorage period.period.period. 

Cooking/storageCooking/storageCooking/storage losseslosseslosses werewerewere determineddetermineddetermined fromfromfrom weightsweightsweights recordedrecordedrecorded priorpriorprior 

T’BA 

tototo packagingpackagingpackaging andandand immediatelyimmediatelyimmediately afterafterafter removalremovalremoval ofofof roastsroastsroasts fromfromfrom openedopenedopened packpackpack
ages.ages.ages. Cooking/storageCooking/storageCooking/storage losseslosseslosses werewerewere notnotnot calculatedcalculatedcalculated forforfor thethethe productproduct evaluevalu
atedatedated atatat 000 days.days.days. ToToTo provideprovideprovide enoughenoughenough porkporkpork forforfor thethethe entireentireentire experiment,experiment,experiment, roastsroastsroasts 
werewerewere cutcutcut intointointo 2.542.542.54 cmcmcm slicesslicesslices atatat specifiedspecifiedspecified storagestoragestorage periods,periods,periods, andandand TBA,TBA,TBA, TPCTPCTPC 
andandand pHpHpH measurementsmeasurementsmeasurements werewerewere determineddetermineddetermined usingusingusing proceduresproceduresprocedures describeddescribeddescribed forforfor 

Froduct evalu

thethethe precookedprecookedprecooked chopchopchop study.study.study. TissueTissueTissue pHpHpH valuesvaluesvalues werewerewere notnotnot obtainedobtainedobtained forforfor samsam
plesplesples storedstoredstored forforfor 777 days.days.days. 

sam-

TasteTasteTaste panelpanelpanel slicesslicesslices werewerewere reheatedreheatedreheated ininin aaa HobartHobartHobart ModelModelModel DNDNDN 97-1997-1997-19 conconcon
vectionvectionvection ovenovenoven (Hobart(Hobart(Hobart Corporation,Corporation,Corporation, Troy,Troy,Troy, OH)OH)OH) atatat 149°C149°C149°C tototo internalinternalinternal temtem
peratureperatureperature 70°C.70°C.70°C. SensorySensorySensory evaluationevaluationevaluation waswaswas conductedconductedconducted employingemployingemploying proceduresproceduresprocedures 

tem-

usedusedused forforfor precookedprecookedprecooked chops.chops.chops. ReheatingReheatingReheating losseslosseslosses werewerewere determineddetermineddetermined bybyby weighweigh
inginging slicesslicesslices priorpriorprior tototo andandand immediatelyimmediatelyimmediately afterafterafter heating.heating.heating. 

weigh-

ProximateProximateProximate analysesanalysesanalyses werewerewere conductedconductedconducted ononon duplicateduplicateduplicate 3-g3-g3-g :;amples:;amples takentakentaken 
fromfromfrom oneoneone precookedprecookedprecooked roastroastroast fromfromfrom eacheacheach carcass.carcass.carcass. MoistureMoistureMoisture andandand lipidlipidlipid contentscontentscontents 
werewerewere determineddetermineddetermined usingusingusing thethethe samesamesame proceduresproceduresprocedures asasas forforfor thethethe precookedprecookedprecooked loinloinloin 
chopchopchop study.study.study. 

samples 

StatisticalStatisticalStatistical analysisanalysisanalysis 
PrecookedPrecookedPrecooked roastroastroast studystudystudy 

IndividualIndividualIndividual tastetastetaste panelpanelpanel scoresscoresscores werewerewere averagedaveragedaveraged acrossacrossacross panelistspanelistspanelists usingusingusing leastleastleast 
AtAtAt 444 daysdaysdays postmortem,postmortem,postmortem, closelycloselyclosely trimmedtrimmedtrimmed squaressemimembranosus/adductorsemimembranosus/adductorsemimembranosus/adductor squaressquares means.means.means. AllAllAll datadatadata werewerewere analyzedanalyzedanalyzed usingusingusing thethethe GeneralGeneralGeneral LinearLinearLinear ModelModelModel 

musclesmusclesmuscles werewerewere removedremovedremoved fromfromfrom bothbothboth freshfreshfresh hamshamshams (n(n(n === 60)60)60) ofofof eacheacheach carcasscarcasscarcass precoob:dproceduresproceduresprocedures ofofof SASSASSAS Institute,Institute,Institute, Inc.Inc.Inc. (1986).(1986).(1986). ForForFor thethethe precookl~dprecookl~d chopchopchop study,study,study, 
andandand werewerewere usedusedused tototo representrepresentrepresent aaa productproductproduct preparedpreparedprepared asasas aaa roast.roast.roast. RoastsRoastsRoasts werewerewere andTBA,TBA,TBA, TPC,TPC,TPC, pH,pH,pH, cooking/storagecooking/storagecooking/storage losses,losses,losses, reheatingreheatingreheating losseslosseslosses lmdlmd tastetastetaste panelpanelpanel 



 

 

 

TableTableTable 3-Sensory3-Sensory propertiespropertiesproperties ofofof precookedprecookedprecooked roastsroastsroasts fromfromfrom controlscontrolscontrols andandand pigspigspigs 
supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin EEE 

3--Sensory 

DaysDaysDaysTraitBTraitB andandand 
treatmentb 000 141414 effectseffectseffectsCCC 
Traita 	 ModelModelModel 
treatment!'treatment!' 777 282828 565656 

JuicinessJuiciness	Juiciness TttTrtTrt NSNS
NS
 
CONCONCON 8.348.348.34 8.818.818.81 7.127.127.12 3.923.923.92 6.836.836.83 Star*
Stor*Stor* 
VITEVITEVITE 8.348.348.34 9.539.539.53 7.857.857.85 4.294.294.29 6.206.206.20 TrtxStorTrtxStorTrtxStor NSNSNS 

SEMdSEMdSEMd === 0.5140.5140.514 

TendernessTendernessTenderness Trt*Trt*Trt* 
7.837.837.83X 8.42xx 8.428.42xxx 7.71x 7.647.647.64 StorStorStor PPP == 0.080.08
0.087.71CONCON	CON 7.71 xx 8.538.538.53 =
 
9.00Y9.00Y9.oov 9.73Y9.73Y9.73v 8.97V 8.348.348.34 7.947.947.94 TrtxStorTrtxStorTrtxStor PPP =
VITEVITEVITE 8.97Y8.97Y == 0.090.090.09 

SEMSEMSEM === 0.3860.3860.386 

Pork-flavorPork-flavorPork-flavor intensityintensityintensity TrtTrtTrt NSNSNS 
CONCONCON 7.147.147.14 7.417.417.41 7.507.507.50 7.857.857.85 7.297.297.29 StorStorStor NSNSNS 
‘VITEVITEATE 7.287.28 7.467.467.46 7.547.547.54 7.747.747.74 7.447.447.447.20 	 TrtxStorTrtxStorTrtxStor NSNSNS 

SEMSEMSEM === 0.2720.2720.272 

Off-flavor Trt*Trt*Trt*Off·flavorOff·flavor intensityintensity
intensity
 
CONCONCON 14.2614.2614.26 13.5613.5613.56 14.3314.3314.33 13.2413.2413.24 13.7713.7713.77 Star’
Stor*Stor* 
VITEVITEVITE 14.8614.8614.86 14.2514.2514.25 14.4914.4914.49 14.0014.0014.00 14.4014.4014.40 TrtxStorTrtxStorTrtxStor NSNSNS 

SEMSEMSEM === 0.2780.2780.278 

a = extremelyextremelyextremely dry,dry,dry, tough,tough,tough, bland,bland,bland,•• SensorySensorySensory measurementsmeasurementsmeasurements usingusingusing aaa 151515 cmcmcm linelineline scale;scale;scale; 000 cmcmcm == 

intenseintenseintense off-flavoroff-flavoroff-flavor andandand unpalatable;unpalatable; andandandunpalatable: 151515 cmcmcm == pork=
 extremelyextremelyextremely juicy,juicy,juicy, tender,tender,tender, intenseintenseintense porkpork
flavor,flavor,flavor, nonono off-flavoroff-flavoroff-flavor andandand palatable.palatable.
palatable. 

=== diet: === dietdietdiet supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin E.E.
E.bbb CONCONCON controlcontrolcontrol diet;diet; VITEVITEVITE 
=== treatment, = treatmenttreatmenttreatment bybyby storagestoragestorageCCC ModelModelModel effects:effects:effects: TrtTrtTrt treatment.treatment. StorStorStor === storagestoragestorage period,period,period, TrtxStorTrtxStorTrtxStor ~~ 

interaction;interaction;interaction; ••l === Ppp <<< 0.05,0.05,0.05, NSNSNS === notnotnot significant.significant.significant. 
*Standarddd StandardStandard errorerrorerror ofofof leastleastleast squaressquaressquares meansmeansmeans forforfor treatmenttreatmenttreatment xxx storagestoragestorage effects.effects.effects. 
X,YX,Y MeansMeansMeans ininin thethethe samesamesame columncolumncolumn forforfor eacheacheach traittraittrait lackinglackinglacking aaa commoncommoncommon superscriptsuperscriptsuperscript letterletterletter differdiffer
differ
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DAYSDAYSDAYS OFOFOF STORAGESTORAGESTORAGE 

Fig.Fig.Fig. 4-Cooking/storage4-Cooking/storage losseslosseslosses forforfor precookedprecookedprecooked roastsroastsroasts fromfromfrom concon
trolstrolstrols andandand pigspigspigs supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin E.E.E. TheTheThe followingfollowingfollowing modelmodelmodel 
effectseffectseffects werewerewere observed:observed:observed: TreatmentTreatmentTreatment === PPP === 0.05,0.05,0.05, StorageStorageStorage === NSNSNS andandand 
TreatmentTreatmentTreatment xx StorageStorageStorage interactioninteractioninteractionx === NS;NS;NS; wherewherewhere *** === PPP <<<c 0.050.050.05 andandand 
NSNSNS === notnotnot significant.significant.significant. 

e--Cooking/storage 	 con-

datadatadata werewerewere analyzedanalyzedanalyzed usingusingusing aaa repeatedrepeatedrepeated measuresmeasuresmeasures modelmodelmodel thatthatthat includedincludedincluded thethethe 
Be-fixedfixedfixed effecteffecteffect ofofof treatmenttreatmenttreatment andandand storagestoragestorage periodperiodperiod asasas aaa repeatedrepeatedrepeated measure.measure.measure. BeBe
re-causecausecause onlyonlyonly 101010 chopschopschops werewerewere evaluatedevaluatedevaluated forforfor sensorysensorysensory characteristicscharacteristicscharacteristics andandand rere

heatingheatingheating losslossloss atatat zerozerozero daysdaysdays storage,storage,storage, twotwotwo repeatedrepeatedrepeated measuresmeasuresmeasures analysesanalysesanalyses werewerewere 
conducted.conducted.conducted. OneOneOne analysisanalysisanalysis comparedcomparedcompared chopschopschops usedusedused atatat 000 daysdaysdays tototo thosethosethose samesamesame 

reheat-chopschopschops atatat 777 daysdaysdays andandand thethethe otherotherother comparedcomparedcompared sensorysensorysensory evaluationsevaluationsevaluations andandand reheatreheat
inginging losseslosseslosses ofofof chopschopschops determineddetermineddetermined atatat 7,7,7, 14,14,14, 282828 andandand 565656 daysdaysdays storage.storage.storage.

DataDataData forforfor precookedprecookedprecooked roastsroastsroasts (TBA,(TBA,(TBA, TPC,TPC,TPC, pH,pH,pH, reheatingreheatingreheating losses,losses,losses, storagestoragestorage
losseslosseslosses andandand tastetastetaste panelpanelpanel evaluations)evaluations)evaluations) werewerewere analyzedanalyzedanalyzed usingusingusing aaa completelycompletelycompletely
randomizedrandomizedrandomized design.design.design. TheTheThe modelmodelmodel includedincludedincluded thethethe fixedfixedfixed effectseffectseffects ofofof treatmenttreatmenttreatment 
andandand storagestoragestorage period,period,period, andandand interactionsinteractionsinteractions betweenbetweenbetween thethethe twotwotwo effects.effects.effects. LipidLipidLipid andandand 
moisturemoisturemoisture datadatadata forforfor thethethe chopchopchop studystudystudy andandand roastroastroast studystudystudy werewerewere analyzedanalyzedanalyzed usingusingusing aaa 
completecompletecomplete randomizedrandomizedrandomized blockblockblock design.design.design. TheTheThe blockblockblock designdesigndesign utilizedutilizedutilized thethethe penpenpen

al.,blocksblocksblocks ofofof thethethe feedingfeedingfeeding periodperiodperiod (Cannon(Cannon(Cannon etetet aI.,aI., 1995)1995)1995) tototo accountaccountaccount forforfor weightweightweight
variationvariationvariation ininin thethethe pigs.pigs.pigs. 

RESULTSRESULTSRESULTS &&& DISCUSSIONDISCUSSIONDISCUSSION 

THETHETHE MOSTMOSTMOST IMPORTANTIMPORTANTIMPORTANT TRAITTRAITTRAIT affectingaffectingaffecting acceptabilityacceptabilityacceptability and,and,and, thus,thus,thus, 
presence/abmarketabilitymarketabilitymarketability ofofof precookedprecookedprecooked porkporkpork productsproductsproducts isisis thethethe presence/abpresence/ab

sencesencesence ofofof rancidrancidrancid flavorflavorflavor (WOF)(WOF)(WOF) associatedassociatedassociated withwithwith lipidlipidlipid oxidationoxidationoxidation 
(Tims(Tims(Tims andandand Watts,Watts,Watts, 1958).1958).1958). TheTheThe processingprocessingprocessing andandand ingredientsingredientsingredients usedusedused tototo 
manufacturemanufacturemanufacture precookedprecookedprecooked porkporkpork productsproductsproducts areareare criticalcriticalcritical ininin minimizingminimizingminimizing 

lipidlipidlipid oxidation.oxidation.oxidation. SupplementingSupplementingSupplementing pigspigspigs withwithwith vitaminvitaminvitamin EEE duringduringduring thethethe 
finishingfinishingfinishing periodperiodperiod yieldedyieldedyielded porkporkpork thatthatthat waswaswas lesslessless susceptible-assusceptible-assusceptible-as freshfreshfresh 
andandand cookedcookedcooked product-toproduct-toproduct-to lipidlipidlipid oxidationoxidationoxidation duringduringduring storagestoragestorage (Mona(Mona(Mona
hanhanhan etetet aI.,aI., 1990a,b;1990a,b;1990a,b; II992b).992b). InInIn ourourour previouspreviousprevious studiesstudiesstudies (Cannon(Cannon(Cannon etetetal., 1992b). 
aI.,aI., 1995),1995),1995), a-tocopherola-tocopherol waswaswas 10-fold10-fold higherhigherhigher (P(P(P <<< 0.05)0.05)0.05) ininin lonlon
gissimusgissimusgissimus musclemusclemuscle fromfromfrom pigspigspigs supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin EEE (1.86(1.86(1.86 
±±f 0.200.200.20 Ilg/gIlg/g tissue)tissue)tissue) thanthanthan ininin thatthatthat fromfromfrom pigspigspigspglg 	 ononon aaa controlcontrolcontrol dietdietdiet 

al., cx-tocopherol lo-fold 	 lon

(0.19(0.19(0.19 ±±‘r- 0.030.030.03 Ilg/gIlg/g tissue).tissue).tissue). FromFromFrom thosethosethose results,results,results, wewewe concludedconcludedconcludedpg/g 
thatthatthat vitaminvitaminvitamin EEE waswaswas effectivelyeffectivelyeffectively incorporatedincorporatedincorporated intointointo musclemusclemuscle throughthroughthrough 
supplementationsupplementationsupplementation ininin growinggrowinggrowing andandand finishingfinishingfinishing diets.diets.diets. 

PrecookedPrecookedPrecooked chopchopchop studystudystudy 

PercentagePercentagePercentage moisturemoisturemoisture andandand percentagepercentagepercentage lipidlipidlipid asasas wellwellwell asasas pHpHpH werewerewere 
notnotnot differentdifferentdifferent (P(P(P >>> supple0.05)0.05)0.05) forforfor precookedprecookedprecooked chopschopschops fromfromfrom pigspigspigs supplesupple

conmentedmentedmented withwithwith vitaminvitaminvitamin EEE asasas comparedcomparedcompared tototo thosethosethose fromfromfrom pigspigspigs fedfedfed concon
trolstrolstrols (data(data(data notnotnot presentedpresentedpresented ininin tabulartabulartabular form).form).form). LipidLipidLipid oxidation,oxidation,oxidation, bybyby 
TBATBATBA values,values,values, waswaswas consistentlyconsistentlyconsistently lowerlowerlower (P(P(P <<< 0.05)0.05)0.05) forforfor VITEVITEVITE chopschopschops 

1).thanthanthan forforfor CONCONCON chopschopschops (Fig.(Fig.(Fig. I).I). LowerLowerLower TBATBATBA valuesvaluesvalues forforfor cookedcookedcooked 
Monchopschopschops fromfromfrom pigspigspigs fedfedfed supplementalsupplementalsupplemental vitaminvitaminvitamin EEE agreedagreedagreed withwithwith MonMon

ahanahanahan etetet aI.aI. (l990a,b)(l990a,b) whowhowho storedstoredstored cookedcookedcooked chopschopschops forforfor timestimestimes shortershortershorter 
thanthanthan ours.ours.ours. AAA significantsignificantsignificant storagestoragestorage effecteffecteffect andandand aaa significantsignificantsignificant storagestoragestorage 
bybyby treatmenttreatmenttreatment interactioninteractioninteraction ononon TBATBATBA valuesvaluesvalues werewerewere reported.reported.reported. LipidLipidLipid 
oxidationoxidationoxidation peakedpeakedpeaked afterafterafter 141414 daysdaysdays storagestoragestorage andandand theretherethere waswaswas aaa decrease,decrease,decrease, 
consistentconsistentconsistent forforfor bothbothboth treatmenttreatmenttreatment groups,groups,groups, ininin TBATBATBA valuesvaluesvalues ininin chopschopschops 
storedstoredstored forforfor 282828 daysdaysdays vsvsvs 141414 days.days.days. TheTheThe TBATBATBA valuesvaluesvalues werewerewere belowbelowbelow thethethe 

al. (1990a,b) 

(1.Othresholdthresholdthreshold valuevaluevalue (1.0(1.0 mgmgmg malonaldehyde/kgmalonaldehyde/kgmalonaldehyde/kg tissue)tissue)tissue) forforfor detectiondetectiondetection 
ofofof WOFWOFWOF (Boles(Boles(Boles andandand Parrish,Parrish,Parrish, 1990).1990).1990). GrayGrayGray andandand PearsonPearsonPearson (1987),(1987),(1987), 
summarizingsummarizingsummarizing previouspreviousprevious researchresearchresearch (Tarladgis(Tarladgis(Tarladgis etetet aI.,aI., 1960;1960;1960; GreeneGreeneGreeneal., 

de-andandand Cumuze,Cumuze,Cumuze, 1982),1982),1982), notednotednoted thatthatthat rancidrancidrancid flavorflavorflavor waswaswas initiallyinitiallyinitially dede
tectedtectedtected betweenbetweenbetween TBATBATBA 0.50.50.5 andandand 2.0.2.0.2.0. TheTheThe relativelyrelativelyrelatively lowlowlow extentextentextent ofofof 
lipidlipidlipid oxidationoxidationoxidation couldcouldcould bebebe attributedattributedattributed tototo thethethe cook-in-bagcook-in-bagcook-in-bag process,process,process, 
whichwhichwhich removedremovedremoved oxygenoxygenoxygen bybyby vacuumvacuumvacuum packagingpackagingpackaging priorpriorprior tototo cooking.cooking.cooking. 

pack-PreviousPreviousPrevious researchresearchresearch hashashas alsoalsoalso supportedsupportedsupported thethethe useuseuse ofofof vacuumvacuumvacuum packpack
agingagingaging asasas aaa meansmeansmeans ofofof reducingreducingreducing lipidlipidlipid oxidationoxidationoxidation ininin precookedprecookedprecooked porkporkpork 
(Jones(Jones(Jones etetet aI.,aI., 1987;1987;1987; BolesBolesBoles andandand Parrish,Parrish,Parrish, 1990).1990).1990). 

SensorySensorySensory characteristicscharacteristicscharacteristics ofofof precookedprecookedprecooked chopschopschops fromfromfrom controlcontrolcontrol pigspigspigs 
andandand thosethosethose supplementedsupplementedsupplemented withwithwith vitaminvitaminvitamin EEE werewerewere notnotnot significantlysignificantlysignificantly 

al., 

differentdifferentdifferent duringduringduring storagestoragestorage (Table(Table(Table I).I). SignificantSignificantSignificant storagestoragestorage (7(7(7 daysdaysdays1). 
throughthroughthrough 565656 days)days)days) effectseffectseffects existedexistedexisted forforfor juicinessjuicinessjuiciness andandand off-flavoroff-flavoroff-flavor inin
tensity,tensity,tensity, andandand treatmenttreatmenttreatment bybyby storagestoragestorage interactioninteractioninteraction waswaswas significantsignificantsignificant forforfor 
juiciness.juiciness.juiciness. AllAllAll valuesvaluesvalues forforfor tenderness,tenderness,tenderness, pork-flavorpork-flavorpork-flavor intensityintensityintensity andandand 
off-flavoroff-flavoroff-flavor intensityintensityintensity fellfellfell withinwithinwithin ananan acceptableacceptableacceptable rangerangerange (we(we(we assumedassumedassumed 

in-

thatthatthat sensorysensorysensory values>values> 7.57.57.5 werewerewere acceptable).acceptable).acceptable). OurOurOur findingsfindingsfindings indiindivalues > 	 indi
precatedcatedcated thatthatthat underunderunder thesethesethese processingprocessingprocessing andandand storagestoragestorage conditions,conditions,conditions, prepre

successfUlly L 565656 days.days.days.cookedcookedcooked chopschopschops couldcouldcould bebebe successfullysuccessfully storedstoredstored forforfor ~~ 

CookingCookingCooking losses/storagelosses/storagelosses/storage losseslosseslosses werewerewere notnotnot differentdifferentdifferent (P(P(P >>> 0.05)0.05)0.05) 
(Fig.forforfor VITEVITEVITE chopschopschops andandand CONCONCON chopschopschops throughoutthroughoutthroughout storagestoragestorage (Fig,(Fig, 2).2).2).

how-TimeTimeTime ofofof storagestoragestorage hadhadhad aaa significantsignificantsignificant effecteffecteffect ononon weightweightweight losses;losses;losses; howhow
ever,ever,ever, nonono consistentconsistentconsistent trendtrendtrend waswaswas observedobservedobserved overoverover durationdurationduration ofofof storage.storage.storage. 
ReheatingReheatingReheating losseslosseslosses werewerewere notnotnot differentdifferentdifferent (P(P(P >>> 0.05)0.05)0.05) betweenbetweenbetween thethethe twotwotwo 
treatmenttreatmenttreatment groupsgroupsgroups atatat differentdifferentdifferent storagestoragestorage timestimestimes (data(data(data notnotnot presentedpresentedpresented
ininin tabulartabulartabular form).form).form). 

treat-NoNoNo differencesdifferencesdifferences (P(P(P >>> 0.05)0.05)0.05) ininin TPCTPCTPC werewerewere foundfoundfound betweenbetweenbetween treattreat
mentsmentsments atatat anyanyany givengivengiven storagestoragestorage time,time,time, butbutbut duringduringduring thethethe storagestoragestorage period,period,period, 
countscountscounts increasedincreasedincreased (P(P(P <<< 0.05)0.05)0.05) bybyby "'""'"= oneoneone logloglog (Table(Table(Table 2).2).2). AccordingAccordingAccording

10’tototo AyresAyresAyres (1955),(1955),(1955), typicaltypicaltypical spoilagespoilagespoilage occursoccursoccurs atatat bacterialbacterialbacterial levelslevelslevels 101101 
I IO8::::;::::; 101088 CFU/g.CFU/g.CFU/g. TheTheThe TPCTPCTPC valuesvaluesvalues wewewe observedobservedobserved throughoutthroughoutthroughout storagestoragestorage 
werewerewere farfarfar belowbelowbelow 10101077’indicatingindicatingindicating that,that,that, bybyby cook-in-bagcook-in-bagcook-in-bag processing,processing,processing,
precookedprecookedprecooked longissimuslongissimuslongissimus chopschopschops couldcouldcould bebebe storedstoredstored forforfor 2~~ 565656 days.days.days. 

PrecookedPrecookedPrecooked roastroastroast studystudystudy 

PercentagePercentagePercentage moisturemoisturemoisture waswaswas lowerlowerlower (P(P(P <<< 0.05)0.05)0.05) ininin musclesmusclesmuscles ofofof 
VITEVITEVITE roastsroastsroasts comparedcomparedcompared tototo thatthatthat ininin CONCONCON roastsroastsroasts whilewhilewhile lipidlipidlipid levelslevelslevels 
werewerewere similarsimilarsimilar ininin thethethe roastsroastsroasts fromfromfrom thethethe twotwotwo treatmentstreatmentstreatments (data(data(data notnotnot 

percent-presentedpresentedpresented ininin tabulartabulartabular form).form).form). AlthoughAlthoughAlthough thethethe differencedifferencedifference ininin percentpercent
ageageage moisturemoisturemoisture waswaswas significant,significant,significant, thethethe magnitudemagnitudemagnitude ofofof thethethe differencedifferencedifference 
(73.57%(73.57%(73.57% comparedcomparedcompared tototo 72.63%)72.63%)72.63%) waswaswas veryveryvery small.small.small. TreatmentTreatmentTreatment pHpHpH

O.OS), 	 storvaluesvaluesvalues werewerewere notnotnot differentdifferentdifferent (P(P(P >>> 0.05),0.05), andandand pHpHpH changeschangeschanges overoverover storstor
ageageage werewerewere minimalminimalminimal (data(data(data notnotnot presentedpresentedpresented ininin tabulartabulartabular form).form).form). 



 

OverOverOver thethethe entireentireentire storage,storage,storage, TBATBATBA valuesvaluesvalues werewerewere consistentlyconsistentlyconsistently lowerlowerlower 
(P(P(P <<< 0.05)0.05) forfor VITEVITEVITE roastsroastsroasts thanthanthan forforfor CONCONCON roastsroastsroasts (Fig.(Fig.(Fig. 3).3).3). TheTheThe 
magnitudemagnitudemagnitude ofofof thesethesethese differencesdifferencesdifferences waswaswas greatestgreatestgreatest atatat 000 days,days,days, 777 days,days,days, 
andandand 141414 daysdaysdays storage.storage.storage. AAA storagestoragestorage effecteffecteffect andandand treatmenttreatmenttreatment bybyby storagestoragestorage 
interactioninteractioninteraction werewerewere alsoalsoalso observedobservedobserved (P(P(P <<< 0.05).0.05).0.05). TheTheThe trendstrendstrends ininin lipidlipidlipid 
oxidationoxidationoxidation ininin thethethe precookedprecookedprecooked roastroastroast studystudystudy werewerewere similarsimilarsimilar tototo thosethosethose ininin 
thethethe precookedprecookedprecooked chopchopchop study.study.study. OnlyOnlyOnly CONCONCON roastsroastsroasts storedstoredstored 141414 daysdaysdays hadhadhad 
TBATBATBA valuesvaluesvalues aboveaboveabove thethethe thresholdthresholdthreshold forforfor detectiondetectiondetection ofofof WOF.WOF.WOF. TheseTheseThese 

O.OS).for 

resultsresultsresults IndicateIndicate thatthatthat precookingprecookingprecooking underunderunder vacuumvacuumvacuum andandand thenthenthen storingstoringstoringindicate 
underunderunder va,cuumva,cuum couldcouldcould minimizeminimizeminimize lipidlipidlipid oxidationoxidationoxidation overoverover ananan extendedextendedextended 
periodperiodperiod ofofof timetimetime andandand thatthatthat supplementationsupplementationsupplementation ofofof vitaminvitaminvitamin EEE tototo thethethe livelivelive 
animalanimalanimal couldcouldcould bebebe usedusedused tototo furtherfurtherfurther assureassureassure reducedreducedreduced lipidlipidlipid oxidation.oxidation.oxidation. 
TheTheThe resultsresultsresults revealingrevealingrevealing relativelyrelativelyrelatively lowlowlow TBATBATBA valuesvaluesvalues forforfor thethethe entireentireentire 
storagestoragestorage periodperiodperiod ininin bothbothboth treatmenttreatmenttreatment groupsgroupsgroups werewerewere similarsimilarsimilar tototo thosethosethose 

vacuum 

attribbybyby JonesJonesJones etetet al.al.al. (1987)(1987)(1987) andandand BolesBolesBoles andandand ParrishParrishParrish (1990)(1990)(1990) whowhowho attribattrib
uteduteduted limitedlimitedlimited lipidlipidlipid oxidationoxidationoxidation duringduringduring extendedextendedextended storagestoragestorage tototo vacuumvacuumvacuum 
packagingpackagingpackaging priorpriorprior tototo precooking.precooking.precooking. 

SensorySensorySensory characteristicscharacteristicscharacteristics ofofof precookedprecookedprecooked roastsroastsroasts fromfromfrom pigspigspigs fedfedfed 
inten-CONCONCON ororor VITEVITEVITE dietsdietsdiets werewerewere comparedcomparedcompared (Table(Table(Table 3).3).3). Off-flavorOff-flavorOff-flavor inteninten

sitysitysity scores,scores,scores, whichwhichwhich indicateindicateindicate degreedegreedegree ofofof WOF,WOF,WOF, werewerewere consistentlyconsistentlyconsistently 
lowerlowerlower (P(P(P <<< 0.05)0.05) forforfor VlTEVlTE roastsroastsroasts thanthanthan forforfor CONCONCON roasts.roasts.roasts. AAA storstor,0.05) VITE stor
ageageage effecteffecteffect waswaswas foundfoundfound forforfor off-flavoroff-flavoroff-flavor intensityintensityintensity (P(P(P <<< 0.05).0.05).0.05). DifferDiffer
encesencesences existedexistedexisted ininin taste-paneltaste-paneltaste-panel tendernesstendernesstenderness scoresscoresscores betweenbetweenbetween treat-

Differ-
treattreat

mentsmentsments (P(P(P <<< 0.05).0.05).0.05). However,However,However, nonono previouspreviousprevious researchresearchresearch ononon feedingfeedingfeeding 
ten-supplementalsupplementalsupplemental vitaminvitaminvitamin EEE tototo pigspigspigs hashashas indicatedindicatedindicated differencesdifferencesdifferences ininin tenten

derness.derness.derness. AAA significantsignificantsignificant storagestoragestorage effecteffecteffect waswaswas observedobservedobserved forforfor juicinessjuicinessjuiciness 
whichwhichwhich tendedtendedtended tototo decreasedecreasedecrease asasas storagestoragestorage timetimetime increased.increased.increased. JuicinessJuicinessJuiciness 
scoresscoresscores werewerewere lowestlowestlowest forforfor roastsroastsroasts storedstoredstored 282828 days.days.days. TheTheThe magnitudemagnitudemagnitude ofofof 

intendifferencesdifferencesdifferences betweenbetweenbetween VITEVITEVITE andandand CONCONCON roastsroastsroasts forforfor off-flavoroff-flavoroff-flavor inteninten
sitysitysity scoresscoresscores asasas wellwellwell asasas thethethe acceptabilityacceptabilityacceptability levellevellevel ofofof thesethesethese valuesvaluesvalues 
(acceptable(acceptable(acceptable sensorysensorysensory scores>scores> 7.5)7.5)7.5) reflectreflectreflect thethethe lowlowlow TBATBATBA values.values.values. 
TheseTheseThese resultsresultsresults indicateindicateindicate thatthatthat precookedprecookedprecooked roasts,roasts,roasts, preparedpreparedprepared andandand storedstoredstored 
underunderunder suchsuchsuch conditions,conditions,conditions, havehavehave acceptableacceptableacceptable sensorysensorysensory characteristicscharacteristicscharacteristics 
afterafterafter storagestoragestorage forforfor ~~2 565656 days,days,days, andandand thatthatthat addingaddingadding supplementalsupplementalsupplemental vitavitavita
minminmin EEE tototo thethethe swineswineswine dietdietdiet wouldwouldwould helphelphelp insureinsureinsure minimalminimalminimal detectiondetectiondetection ofofof 
off-flavors.off-flavors.off-flavors. 

Cooking/storageCooking/storageCooking/storage losseslosseslosses werewerewere consistentlyconsistentlyconsistently lowerlowerlower (P(P(P === 0.05)0.05)0.05) 
forforfor VITEVITEVITE roastsroastsroasts thanthanthan forforfor CONCONCON roastsroastsroasts (Fig.(Fig.(Fig. 4).4).4). ReheatingReheatingReheating losseslosseslosses 
werewerewere notnotnot differentdifferentdifferent (P(P(P >>> 0.05)0.05)0.05) betweenbetweenbetween thethethe twotwotwo groupsgroupsgroups (data(data(data notnotnot 
presentedpresentedpresented ininin tabulartabulartabular form).form).form). PreviousPreviousPrevious investigatorsinvestigatorsinvestigators havehavehave reportedreportedreported 

scores > 

thatthatthat vitaminvitaminvitamin EEE supplementationsupplementationsupplementation ofofof swineswineswine dietsdietsdiets significantlysignificantlysignificantly lowlow
erederedered storagestoragestorage drip-lossdrip-lossdrip-loss ofofof freshfreshfresh porkporkpork chopschopschops (Asghar(Asghar(Asghar etetet al.,al.,al., 1991;1991;1991; 

low-

MonahanMonahanMonahan etetet aI.,aI., 11992a).992a). BuckleyBuckleyBuckley andandand MorrisseyMorrisseyMorrissey (1992)(1992)(1992) specuspecu
latedlatedlated thatthatthat a-tocopherola-tocopherola-tocopherol moleculesmoleculesmolecules interactedinteractedinteracted withwithwith moleculesmoleculesmolecules ininin 

al., 1992a). specu

intluencedthethethe cellcellcell membranemembranemembrane lipidlipidlipid bilayerbilayerbilayer andandand influencedinfluenced thethethe fluidityfluidityfluidity andandand 
biintegrityintegrityintegrity ofofof thethethe membrane.membrane.membrane. WeWeWe couldcouldcould notnotnot concludeconcludeconclude whetherwhetherwhether bibi

ochemicalochemicalochemical mechanismsmechanismsmechanisms involvedinvolvedinvolved ininin reducingreducingreducing storagestoragestorage losslossloss werewerewere 
thethethe samesamesame forforfor precookedprecookedprecooked porkporkpork asasas thosethosethose forforfor freshfreshfresh pork.pork.pork. 

be-SignificantSignificantSignificant treatmenttreatmenttreatment andandand storagestoragestorage effectseffectseffects andandand interactionsinteractionsinteractions bebe
tweentweentween themthemthem werewerewere observedobservedobserved forforfor TPCTPCTPC valuesvaluesvalues (Table(Table(Table 2),2),2), whichwhichwhich 
werewerewere higherhigherhigher forforfor VITEVITEVITE roastsroastsroasts thanthanthan forforfor CONCONCON roastsroastsroasts atatat 000 daysdaysdays andandand 
141414 daysdaysdays storage.storage.storage. However,However,However, nonono consistentconsistentconsistent storagestoragestorage effectseffectseffects werewerewere 
detecteddetecteddetected andandand maximummaximummaximum countscountscounts diddiddid notnotnot exceedexceedexceed 3.03.03.0 logloglog CFU/g.CFU/g.CFU/g.
AsAsAs withwithwith precookedprecookedprecooked chops,chops,chops, TPCTPCTPC valuesvaluesvalues forforfor precookedprecookedprecooked roastsroastsroasts werewerewere 
wellwellwell belowbelowbelow TPCTPCTPC levelslevelslevels atatat whichwhichwhich productsproductsproducts areareare consideredconsideredconsidered spoiled.spoiled.spoiled.

Overall,Overall,Overall, ourourour resultsresultsresults suggestedsuggestedsuggested thatthatthat cook-in-bagcook-in-bagcook-in-bag technologytechnologytechnology
couldcouldcould bebebe usedusedused tototo storestorestore precookedprecookedprecooked porkporkpork chopschopschops andandand roastsroastsroasts forforfor atatat 

leastleastleast 565656 days.days.days. DuringDuringDuring thisthisthis storagestoragestorage period,period,period, lipidlipidlipid oxidationoxidationoxidation andandand 
characterismicrobialmicrobialmicrobial growthgrowthgrowth couldcouldcould bebebe minimizedminimizedminimized andandand sensorysensorysensory characterischaracteris

ticsticstics couldcouldcould bebebe maintainedmaintainedmaintained atatat acceptableacceptableacceptable levels.levels.levels. SupplementationSupplementationSupplementation 
peofofof vitaminvitaminvitamin EEE ininin thethethe swineswineswine dietdietdiet duringduringduring thethethe growing/finishinggrowing/finishinggrowing/finishing pepe

riodriodriod cancancan helphelphelp minimizeminimizeminimize lipidlipidlipid oxidationoxidationoxidation ininin precookedprecookedprecooked pork.pork.pork. 
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