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　　　　The　re＄pmation　rates　cf　fresk－cnt　cabbage　were　raeasured　by　pouch　methed　with　25　ar｛d

3（）μ瓢OPP煮馬鞭s捻と般薮。㎞εss　aも5and　2◎心C．　The　appeaya＃ee，費畿v◇r　aR（i　asc◎rb童e＆（こ霊．《蓬（コ（）Rもe無匙

were　a｝so　deterrmed　duririg　storage．　rl｝he　resi．ilts　indlcated　that　respiratioR　rates　o£　fresk－eut

cabbages　were　suppressed　under　the　condition　of　decreasing　Oa　and　increasing　CO2　concen－

trations　at　5　and　200C．　It　was　not　，found　the　effects　of　vertical　cutting　（VC），　parallel　eutting

（PC）　and　thickness　of　ftlm　on　the　resc．　piration　at　50C．　But　the　respiration　rate　were　mueli　higher

in　VC　treatrnerits　than　that　in　PC　treaMients，　especially　for　the　COL）　production　rate　nt　20”C

regardless　fiim　thickness．　The　results　also　showed　that　a　shift　from　aerobic　to　anaerobi¢　respi－

ratioR　wa＄　oecvirred　under　1．2－1．50／）　02　level．　Total　ascorbic　acid　（TAA），　ascorbic　acid　（AA）　and

dehyd．roasc◎rb重。　acid（DHAA）w騰鎗cr磁s磁by　AA　b圭◎sy黙漁¢s圭＄熱漁9y　aRd　theR　decreased

by｝経9薮ey麟aく）脇A◎x羅aも藍脇M◎re◎ver，　it　was　sko照the　results◎f　se轟sory　ev蜘段も量。閣議就

there　vvere　Ro　differences　in　appearance　and　ftavor　for　cuttirtg　i”ikode　aRd　thickRess　of　the　fimi　at

sOC．　The　better　appearance　and　fiavor　appeared　in　VC　treatments　than　PC　treatments　for　cut－

ting　mode　and　thickness　of　filrn　at　20”（）．　lt　suggests　that　better　quality　could　be　obtained　from

the　combination　of　VC　treatments　and　low　temperature　of　5”C　regardless　of　thickness　of　fallm．．

INTRODUCTION
　　　　Fresh－cut　or　minimally　processed　fmits　and　vegetab｝es　are　a　rapidly　growing　segment

of　retail　and　food　service　horticultural　fresh　industry　（Gorny，　et　al．，　1998）．　Although

fresh－cut　products　have　met　the　eonsumers’　desire　for　convenience・and　freshness，　the

sheif　life　is　still　important　challenges　for　fresh－cut　produets．　There　are　two　basic　prob－

lems　ceRfront　the　exteRsioR　of　sheif　li，£e　of　fresh－cnt　fruits　and　vegetables　products．　First，

processi嚢9　Pr◎cedures◎f　c醸圭㎎c歌us奪鎗te翻ng◎f　p◎玉yphend　o沁dase幡h　phe譲◎鼓cs

which　underg◎e臨脚atic　br◎w貧魚9も。μ◎ducもan　undes施ble　brown　cd◎r（Sen磯et・a9．，

2000）．Second，　wo㎜（塊tissue㎞dモユces　a　high　respiration　rate，　which　triggers撫ster　tex一
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雛re　deもeriorat沁簑a鍛d　deerease　i．R　Rutr重e繋もs　as　like　aSC◎rbic　acid　cO瓢paredも。　ifttact

tissues　（Rosen　and　Kader，　1989）．　These　lead　lio　a　reduced　qualitJ，y　and　shorter　shelf　1ife

thun　that　caR　mormally　be　expected　frorvt　the　，friAts　and　vegetab｝es．　To　overcome　these

problems　and　to　have　suitable　she］f　life　for　fresh－cut　product，　optimum　lower　tempera－

ture　and　relative　huniidity　needs　to　be　maiRtained　during　whole　chain　frem　harvest　pro－

cessing　to　consumption．　The　modified　atmosphere　packaging　（MAP）　is　considered　to　be

the　most　effective　method　for　extendmg　the　shelf　life　of　fresh　and　mintmally　processed

product　by　dep，　ressing　the　respiratiofi　rate　of　product　and　preveRting　the　moi，sture　loss

and　microbial　growth．　However，　02　concentration　under　lower　oxygen　limit　or　CO2　con－

ce繋もratio捻◎ver．もhe嚢PPer　1撫盛t　of　aer◎b三（こ。◎R（孟iti◎n　that　leads　t◎fer瓶erltative搬eもab◎難sm

can　cause　off－flavor　ai“td　flavor　loss　（Watada，　et　a，1．，　1996；　Kato－Noguchi，　et　al．，　1997）．

　　　A憩商◎r澱就abd三。　process（）ccurr憩g　iR　fresh－cし誌pr◎duct　ls　respirat三〇R．　The

respiration　rate　of　product　is　an　exeellent，　indicator　of　metabolic　activity　of　tissue；　that　is，

it　is　a　us（きf岨9疑重（量eも。撫e　p（）tenもial　stora慕e　life　ofもhe　fresh一…cuts．　But駄嬢e　info．rmat韮On　is

available　en　respiration　rate　of　fresh－cut　cabbage　in　MAP　during　the　storage　and　market．

The　objectives　of　this　study　were　to　determine　the　respiration　rate　of　fresh－cut　cabbage

in　mo　with　two　knds　of　fims　in　thicktiess．　The　eva｝uatien　of　quality　such　as　ascorbic

aeid　content　was　also　investigated．

MATERIALS　AND　METHODS

Plant　material

　　　Cabbages（Bra3s勿on　ogerac¢a　L．）were　Obta韮xxed　fy◎瓢撫e茎◎ca至s嚢per雛arkeもiR

Fukuoka　city，　Japan．　Samples　were　transported　to　the　laboratory　without　refrigeration

and　immediately　processed．　Cabbages　were　selected　for　uniforma　size　aRd　appearance．

Outer　and　damaged　leaves　were　removed，

Cabbage　slice　preparation
　　　The　eabbages　were　rinsed　with　O，020／）　sodiurn　hypochlorit；e　solution　to　reduce　the　sur－

face　microbial　load　before　cuttir｛g．　Knife　and　cuttikg　board　wiere　washed　and　treated　with

75t／）　ethanol　prior　to　use．　The　cabbage　was　chopped　by　hand　with　a　sharp　stairt，Iess　steel

㎞fe．　The　c臨㎞g　modes　w鷺re　div蜜ded漁．も◎two　forms：vert業㈱1　c再臨9（VC）a捻d　para玉玉el

cutting　（PC）　to　vein　of　cabbage　with　2mm　wide　by　5－8cm　in　length．　The　slices　were

washed　for　6蜘with．　tap　waもer　a捻d撫e難was掘d賊h　5℃dis麗ed　waもer　f◎r　4　m蚕．　The

slices　were　centrifuged　for　3　min　at　1，720　（rpm）　to　remove　the　water　on　the　cabbage

surface　by　washing　machne．　Artd　theR　slices　were　selected　at　random　and　samples　of

IOO±1g　were　piaced　in　the　pouches　（10×20　cm）　and　heat　sealed．　A　silicone　cap　was

applied　on　each　package　to　permit　ana｝ysis　of　package　headspaee　with　a　syringe．　The

void　volume　in　the　package　was　determined　by　subtractl．ng　the　volume　of　fresh－cut

cabbage　．from　that　of　the　entire　package．　The　volume　of　fresh－cut　eabbage　and　the　entire

package　were　measured　based　oR　water　displacement．　All　processiRg　eperatioRs　were

conducted　under　5－80C．　The　film　used　for　cabbage　sliees　paekaging　was　oriented

pelyprcpyleRe　（OPP）　Sl’im　（Sttmitemo　Bakelite　Ce．，　Lt〈1，　Tokye　JapaR），　wtt．h　two　kinds　ef

25　and　30psm　film　in　thickness．　The　film　permeability　was　determined　by　the　Akimoto’s

raet／　od　（AkiiRoto，　et　cel．，　1997）．　The　pouches　were　stoz’ed　at　5　artd　200C，　respectively．
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Gas　a瀧a叢ysis

　　　Ga＄sample　was　with〈虹awn　by　gas－t遮hも王．◎ml　sy抽nge　to　measure　gas　compos三敏）勲

嶽。搬the鎗sideもhe　package．　The　gas　c（）nc繊鞭滋i（）ns　were　meas雛ed　by類jec縫㎎L◎認

gas　sax｝，ple　into　gas　chreK｛atggraphy　（GL　Seiekces　GC－390，　Tokyg　Japari）　eqnipped　with

thermal　eonductwity　detector　（TCD）　and　D2000　integrator　（Hitachi，　Ltd．　Tokyo　Japan）．

｝｛e恥獄was疑sed　as　carrier　gas　and　the　f｝ow　r畿艶was　3◎ml・m重パ．　The　ir癖ec£or　and

column　temperatures　were　80　and　500C，　respectively．　The　column　was　WG　I　OO　with　mole－

eular　sieve　5　A　and　Porapak　Q　80／100　mesh．

Mathernatical　model　for　respiration

　　　To　deteimine　the　respiration　rate　of　fresh－eut　eabbage　under　MAP，　the　basic　material

balanee　given　in　equations　can　be　used　（Ak’in’tot；o　et　al．，　1997）．　The　changes　in　the　free

volume　of　gas　within　package　at　the　short　time　were　shown　in　following　equations．

盛＿覗牽鵡＋ct　v・
碗　　dt dt　’　dt

（1）

砦』歪砿一P・　＋RcW （2）

誓歪陥・一P・）・＋R・w
（3）

誓一着陣ゼ幻 （4）

where　V　is　the　volume　of　gas　in　pouch　（ml），A　issurface　area　of　pouch　（m2），　L　is　thickness

of　ftlrn　（m），　Kc，　Ko　and　KN　are　the　permeability　of　tim　for　C　O2，　02　and　N2　（ml・m・mm2・atmmpi・

hっ，Ris　respiration　rate（rnユ・kg－1・h－i），確is　weight　of　product（kg），　Pc．，　Pc。　and　Az．　ar¢

partial　pressure　of　CO2，　02　and　N2　outside　pouch　（atm），　Pc，　Po　and　Prvi　are　partial　pressure

ef　CO？．，　Osi，　N2　inside　pouch　（atm）．　These　equation，s　show　that　chaRges　rate　ef　gas　vol’ume

of　paekage　was　determined　by　permeabi3ity　e，f　fim　and　respiratioR　gf　product．　Aecordvig

も◎慕総partial　pressure　between籔temal　a鍛dをX縦簸al　package，もhis搬eもh◎d　can　be雛sed塾◎

detemXe　CO馨pr◎d疑。もi◎R　and　OL）c（）ns雛難P雛。欝raもes　of　prodgct　based◎R　CO馨，02　a簸d　N慧

｝evels　within　package．　lt　has　been　deraortstrated　that　the　rriethod　is　very　effective　to　cai－

culate　the　respiratieR　rate　imder　steady　anchmsteady　atmospheric　ceRditions．

SeRsory　evaluations
　　　Visual　appearance　and　flavor　were　evaluated　by　five　trained　people　at　cutting　and

durirtg　storage　period　for　every　day．　Evaluation　was　carried　out　in　two　items　of　appear－

ance　a／nd　flavor．　They　were　both　scored　on　4－poi．nt　scale：　excellent　（一）；　very　good　（十）；

fair　（一）；　poor　（一H十　）．

Ascorbie　aeid

　　　Aseorbic　acid　eoRtent　was　measured　by　high　performaRce　liquid　chromatography

（HPLC）　equipped　with　Shim－pack　SCR－102N　column　（7．9mm¢　×30　cm）　（Shimadzu
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C卿．，To賊p鋤．　The　colum　is　packed賦h　a　caもio難exc噂r　res血轍ch　is　sgl－

fonated　polystylene－divinylbenzene　copolymer．　The　mobile　phase　was　mixed　solution　of

10reM　oxalic　acid　dihydrate，　15rRM　N．OH　aRd　l　miW　EDTA　at　a　fiow　rate　of　1．Omi　tw”’．．

Temperature　is　400C　and　detector　is　RI．　Cabbage　sample　was　extracted　from　excised

shces　of　5　g　cabbage轍5t㎞es　the　vo1㎜e　of　5％metaph◎sphoric　acid血a　mortar　With

pestle．　The　homogenate　was　flltered　through　ruter　paper　and　centnfuged　at　3，000　（rpm）

for　15min．　The　supernatant　was　taken　as　sample　to　measure　the　ascorbic　acid　in

cabbage．

RESULTS　AND　DISCUSSION

RespiratieR　rate
　　　Changes　in　respiration　rate，　respiratory　quotient　（RQ）　and　gas　concentration　of

fresh－cut　cabbage　in　VC　treatrnents　were　shown　in　Fig．　1．　The　changes　in　respiratioit　rate

was　approximately　same　at　the　conditions　of　increasing　CO2　and　decreasing　02　eon－

centrations　for　5　days　storage　at　5”C　（Fig．　IA　and　I　B）．　The　resPiration　rates　were　slightly

decreased血MAP　during　storage　of　5　days．　There　was　no　sigr薮ficant　dif艶rence　between

the　two　kinds　of　25　and　30ptm　thickness　film＄　in　depressing　respiration　during　storage

period．　The　ratic　of　CO2　productd　to　02　coftswmed，　known　as　RQ，　is　Aormally　assumed　to

be　equal　to　1．0　if　the　metabolic　substrates　are　carbohydrates．　ln　the　present　study，　RQ

was　figctuated　aroimd　1．e，　indicating　tkat　Emaerobic　respiratioR　did　ftot　eccur　for　3一くSay

storage．　The　O2　concentration　cont血ued　to　decrease　and　a　certa血potnt　of　O2　concentra－

tion　was　reached，　e2　coRsuvaptioR　rates　were　remarkably　decreased　and　Ce2　producticR

rates　were　increased　conversely．　lt　was　indicated　a　shift　to　anaerobie　respiration

confirmed　by　higher　RQ　va｝ues　at　1．2－1．50／c　02　｝evels．　This　effect　of　e2　conceRtratioR　was

more　marked　at　higher　temperature　（Fig．　I　C　and　I　D）．　At　200C，　respiration　rates　were

suppressed　markedly　with　quickly　increasing　CO2　and　decreasing　02　levels　at　first　1　day，

and　then　shift　from　aerobic　to　anaerobic　respiratioR　occurred　with　higher　RQ　at　1．2－1．50／0

02　levels．　lt　was　also　demonstrated　by　off－fiavor　of　fermentation　when　the　package　was

opened　for　seRsery　evaluation．　For　chaRges　in　gas　eonceAtratioRs，　02　level　was　decrea＄ed

and　CO2　level　was　increased　quickly　at　initial　period　and　then　CO2　level　was　increased

s｝owly　and　02　｝eve｝　was　reached　abont　1．2－1．50／e，　indicating　that　02　aRd　CO2　｝evels　weye

regulated　by　product　respiration　and　permeability　of　film　during　storage　（Fig．　I　A－ID）．

The　res磁s　s1㎎gesももhat　MAP　c◎uld　be猛sed　as　a　cheap　and　easy憩eもhodも◎extend癒e

storage　life　of　fresh－cut　cabbage．

　　　Changes　in　respiratioR　rate，　RQ　and　gas　concentratioR　ef　fresh－cut　cabbage　in　PC

treatments　were　shown　in　Fig．　2．　The　trends　of　changes　in　respiration　rate　were　similar　to

the　results　of　VC　treatments　（Fig．　1）．　lt　was　also　indicated　that　the　thickness　of　film　has

｝ess　effeet　on　the　changes　in　gas　coRcentration　and　respiration　of　fresh－cut　cabbages．

The　storage　liife　of　horticultural　products　has　well　been　related　to　the　respiration　rate　of

preducts，　the　suppressioll　of　respiratory　metabolism　wil｝　exteftd　the　she｝f　life　of　stored

fresh　product　（Lopez－Briones，　et　al．，　1992；　Kader，　1986）．　But　02　and　CO2　levels　beyond

its　to｝eraAce　li］rnits　caft　induce　aRaerobic　respiratiox　axxd　Ce2　damage　te　result　in　btcwniRg

and　development　of　off－flavors．　lt　was　suggested　that　better　keeping　quality　for　fresh－cut

cabbages　could　be　ebtained　from　iow　02　storage　atraosphere　abeve　1．2－1．50／e　lower　liptt
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Fig．1．　Changes血gas　concentration，　respiration　rate　and　RQ　of　fresh－cut　cabbage　in　VC

　　　　　　treatments　at　5　arid　20　eC．　（e）　represents　CO2　production　rate，　（O）　02　consumption

　　　　　　rate，　（A）　respiratory　quotient　（RQ）．　Solid　and　dashed　lmes　denote　the　CO2　and　02

　　　　　　conceRtratieRs，　respective｝y．

oxygen．　For　the’effect　of　cutting　mode，　there　were　no　significant　differences　in　ehanges

血gas　coRce庸at重◎豊and罫espiraもio簑rate　be｛説en　PC　aRd　VC　treatm磁s　at　5℃d慧rま鼓9

storage　（Fig．　I　A－IB　and　Fig．　2A－2B）．　At　20“C，　the　respiration　rate　were　much　higher　in

VC　treatments　than　that　in　PC　treatments，　espeeially　for　the　CO2　production　rate　（Fig．

IC－ID　and　Fig．　2　C－2こ口．

　　　MAP’caR　be　beReficial　in　maintaining　quality　of　the　fresk－eut　product　（Gerlly，　1997）．

The　suitable　gas　rnixture　for　MAP　has　been　based　on　that　recommended　for　the　whO｝e

commodity　（Saltveit，　1997）．　Fresh－cut　products　probably　can　tolerate　more　extreme　lev－

els’　of　02　and　CO2，　because　they　do　not　have　as　much　cuticle　or　skin　to　restrict・gas　diffu－

si◎数，　a貧dもhe（慧sもa貧ce　of　g畿s　d迂f縫si◎R　fr◎澱centerも◎◎uもsi〈i《∋of　fresh－c慧t　pr◎ducもis搬慧ch

iess　than　that　for　the　whole　commodity　（King，　et　al．，　1989）．　lt　was　a｝so　reported　that　an

additional　benefit　of　MAP　may　be　attained　by　actively　flushing　the　package　with　the

desked　gas　rather　than　aUov血g　the　MAP　to　develop　naturaUy　s血ce　the　market血9　Period

of　fresh－c蕊product．is　reぬtive至y　sh（）】詫（Bai，θ孟ct9。，2◎◎D．王貧もhe　prese魏s綴dy，　fどesh－c滋

cabbage　has　much　higher　respiratory　activity　to　consurne　02　and　produce　CO2　quickly．
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Fig．　2．　Changes　in　gas　concentration，　respiration　rate　and　RQ　of　fresh－cut　cabbage　in　PC

　　　　　　treatvaeRts　at　5　and　20　℃．　（e）　represeRts　COL，　preductioR　rkte，　（O）　02　censumption

　　　　　　rate，　（A）　respiratory　quotient　（RQ）．　Solid　and’dashc・／．d　1ine：　denote　the　CO2　and　O？．

　　　　　　CO轟（1）E｝勲もra穏◎嚢S，　respe｛誌ive圭y．

Anaerobic　respirations　were　occurred　after　3　days　of　storage　at　5℃　and　after　1　day　of

sもorage　a宅2◎。C．　琵熱d慧ced　a繋aer（）bic　respirat玉on　and　h㎏her　CO3　damageも◎res駁玉t　i勲

browning　and　development　of　off－flavors．　Respiration　rates　of　fresh－eut＄　generally　were

higher　than　the　intact　product．　Although　benefits　may　occur　with　modified　atmosphere，

the　extinction　point　of　the　fresh－cut　products　must　be　recog．　nized　to　avoid　anaerobie

respiration　（Ko，　et　al．，　1996）．

　　　Fresh－cuts　generally　are　rauch　more　perishab｝e　than，　intact　products　beeause　they

have　been　suヒ≧j（｝cted　to　severe　physical　stress，　such　as　peehng，　cutt血9，　shcing，　shredd血9，

trirauwhg　aRd　remeva｝　of　protective　cells．　Coxxsequerttly，　fresh－cuts　probably　＄hou｝d　be

held　at　a　lower　temperature　than　that　recommiended　for　intact　coramodities．　Tempera一

撫re◎f◎℃is㎞茎護◎st　caSe　pr愈ferab三e．　H◎wever，　th．三S　iS二日m◎St　c撫Ses　eC◎n◎抽e認y　Rot

achievable．　Temperature　between　5　and　100C　is　more　coinmonly　found　in　prac）tice．　The

もemp¢raも嚢re　ef艶cts（）繋thξ｝tiss篭．le　meもab◎hsr霞aRd　biocher葭cal　reactior韮s　sig∫1ificant茎y，　it　is

also　of　major　important　to　maintain　low　temperature　to　prevent　microbial　growth．　lt

suggests　that　it　is　important　for　haridling　and　storing　fresh－eut　cabbage　at　lower　’tem－

perature　or　near　O　OC，　if　the　product　is　not　sensitive　to　chilinig　in．1’ury．
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Ascorbic　acid
　　　Fig．　3　shows　changes　in　ascorbic　acid　contents　in　fresh－cut　cabbage　at　5　eC　during

storage．　TAA，　AA　and　D．　HAA　were　increased　in　PC　treatments　for　3　days，　and　then

decreased．　ln　the　VC　treatmeRts，　the　results　were　similar　to　PC　treatments，　they

increased　for　4　days　and　theR　decreased．　Bitt　the　increase　of　TAA　frora　32．4　mg　・　l　eOgi

fresh　weight　（FW）　to　43．3－45．8mg　・　I　OOg一！　FW　was　higher　in　PC　treatrrtents　thaR　that

from　30．6　mg　・　100g－i　FW　to　34．7－36．3　mg　・　1100g一’　FW　in　VC　treatments．

　　　Fig．　4　shows　changes　in　ascorbic　acid　contents　in　fresh－cut　cabbage　at　20　eC　during

storage，　TAA，　AA　and　DHAA　were血creased　and　then　decreased．　The㎞crease　of　TAA

was　less　than　that　at　50C　（Fig．　3）．　But　increa＄e　of　DHAA　was　more　sigptfieant　thaR　the

iricrease　at　5“C．　AA　level　is　the　result　of　the　differeRce　betweeR　M　preductioxx　foies．vR－

thesis　er　regeneration　from　DHAA）　and　．AA　oxidation．　lf　the　rate　of　AA　oxidatioR　is

higher　than　the　rate　of　AA　production，　then　AA　content　decreases（Zerb血i，磁αL．，2002）．

In　the　present　study，　increase　of　DHAA　was　significant　at　200C，　indicating　that　the

oxidation　rate　was　higher　than　that　at　5“C．　lt　demonstrated　that　activity　of　ascorbate

oxidase　was　higher　at　20“C　than　that　at　5”C．　The　sigRificant　decrease　of　AA　after　storage

3days識was面eも◎◎xidat薫◎鍛◎f　AA　by　ascOrbaもe　oxidase　fo恥wi盈9もiss鷺e　da搬age◎r　by

the　reaction　of　AA　wtth　phenolic　substances　during　storage．　lt　could　be　also　assumed　that

the　role　of　AA　as　s　reduciTig　power　in　respectto　de　nova　synthesis　of　polyphenols　is　pos一
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Fig．　4．　Changes　in　ascorbic　acid　contents　in　VC　and　PC　treatments　at　20“C

sible．　Ascorbic　aeid　plays　an　important　part　in　the　defence　mechanism　against　free

radicals　which　induee　peroxidation　（Barth，　et　ag．，　1993）．　AA　can　be　easily　oxidised　to

dehydr◎ascorbic　aci（i，　the　laももer拠t簸rrしca嚢eiもher　be　red慧ced．

Sensory　evaluation
　　　Se簸s◎ry　eva圭uat沁R◎f　fresh－cuもcabbage　a協℃was　sh◎w嚢蟄Tab茎e三．　Vis嚢al　apPear－

ances　were　not　changed　much　during　storage　of　4　days　in　all　treatments．　Off－fiavor　was

slightly　occurred　after　3　days　by　anaerobic　respiration．　At　20　eC　（Table　2），　appearances

were　n◎もchanged魚VC　treaもments，　b虞brow撮難g　was　occurred　afもer　3　days．1蓑PC

treatments，　the　brow血g　was　occurred　much　s塘r巨ficantly．　For　the且avor，　off－fiavor　was

oecurred　after　1　day　and　appeared　more　serious　in　PC　treatments　after　storage　of　3　days．

It　seems　that　the　chaRges　in　appearance　aRd　fiavor　depeRd　oR　physiologiea｝　changes

associated　with　cutting　dwectioR．　It　was　ceRsidered　thatthe　callus　in　wounded　place　of

cabbage　was　formed　quicker　in　VC　treatments　than　PC　treatments．　Because　the　respi－

ratioR　rate　were　much　higher　in　VC　treatrRents　thaR　that　in　PC　treatments，　especially　for

the　CO2　productioR　rate　at　20“C．　Moreover，　the　cutting　wownd　area　was　large　aRd　tissue

sap　seeped　much　from　vascular　bundle　of　cabbage　in　PC　treatments，　The　seeped　tissue

sap　in　PC　treatments　can　induee　obviou＄　browning　and　off－fiavor．　lt　seems　that　thickness
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Taわ叢e　1辱　Se籍sOry　eva韮慧aも至OR◎£fresh－c繋も《tabbage　aも5噂C

It，em Cutting　treatmGnt
Storage　period　（day）

o 1 2 3 4

Ap峯）餓rance

VC－25

vc－3e

PC－25

PC－30

F韮av◎r

VC－25

vc－3g

PC－25

PC－30 十

十
÷
十
十

十
十
十
十

Table　2．　Sensory　evaluation　of　fresh－cut　eabbage　at　20“C

Itera c臨㎏もr甑贈三．誌
Storkge　peried　（day）

o 1 2 3 4

AppearaRce

VC－25

VC－30

PC－25

PC－30
牽
率
十
千

十÷十

十十十

Flavor

VC－25

VC－30

PC－25

pc－3e

十
十
÷
十

＋
什
牽

＋
料
工
高

　十

十十

十十十

十十十

of費㎞has玉e＄＄ef艶ct（）筑the　respl窪a捻On　arid　qua蕪もy◎f　fresh－Cut　cabbages．

ges．もed　t薮aもも難¢betもer　qua薫銘y　can　be（）b£a泣le（i£rom　VCもrea竃ments　at　5。C．

It　was　sug一

CONCLUSIONS

　　　The　respiratioR　rates，　quality　attributes　of　fresh－eut　cabbage　were　determined　iR

MAP　with　25　and　302Lm　OPP　filrns　in　thickness　at　5　and　20“C　during　storage．　The　respi－

ration　rates　of　fresh－cut　eabbages　were　suppressed　under　the　condition　of　decreasing　02

aR嶺ncreas泌£CO、　c◎Rce膿aも沁貧s．駕was　n◎t負）憾d　the　ef艶cts◎f　c臨i無9灘◎deぐVC　and

PC　treatment＄）　and　thiekness　of　rum　on　the　respiration　at　5“C．　Bttt　the　respiration　rate

were　much　higher　in　VC　treatments　t，han　that　in　PC　treatments，　especially　for　the　CO2

production　rate　at　20eC．　The　results　also　showed　that　a　shift　from　aerobic　to　anaerobic

re＄piraticrt　was　occurred　uxxder　1．2－1．5e／e　02　｝evels　fgr　fresh－cut　cabbage．　TAA，　AA　aRd

D｝IAA　were　inereased　by　AA　biosyt｝t　hesis　mitially　and　then　decreased　by　highe’r　rate　of

AA　oxidation．　For　sensory　evaluation，　there　were　no　clifferences　in　appearance　and　flavor

for　cutting　mode　and　thickness　of　filn．i　at　5　eC．　The　better　appearance　and　flavor　appeared

搬VCもhaR　PC捻eaも瓢eRts　f（）r　c嚢もt蟄9、膿◎deεmd　t，hic｝くRess（）f　f㎞aも2◎℃．　It　s疑gge＄鑑sもhat

better　qua｝ity　cou｝d　be　obtained　from　the　combination　of　VC　treatments　and　low
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もe斑Perat雛re　of　5℃regar（慧ess◎f　th重。㎞ess◎f　OPP　fiim　dur血＄st◎r血g　a盤d　market血g
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