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　　　　　　　　　　　　　CHAPTER　l

RESEARCH　BACKGROUND　AND　PURPOSE

1．1General　introduction

　　　　　　The　apple（ルfa～us　domest元（）⇒belongs　to　the　Po〃zoideae　subfamily　of

Rosac召ae．　The　Pomo元deae　subf註mily　is　characterized　by　a　basic　chromosome

number　of　17　as　compared　to　other　subfamilies　of　the　Rosaceae唖oniy　7－9．

Pome蹄s　are　commoniy　described　as　ha迦g　a　core唖fleshy　pi也w曲㎞it

and　a　co】性ex　of　flesh　outside　the　core且ne．　There　are　two　hypotheses　regarding

the　na加e　of也ese　dssues，　namely也e　receptacular　a皿d　the　apPendicular（Prat輪

1988）．

　　　　　　Apples　are　by　far　the　most　irnporta皿t丘uits　of也e　deciduous　trees．　They

are　widely　grown　hl　temperate　a皿d　increasingly　in　tropical　regions，　and　figure

disd㎞ctly　in　world　trade．　Apple丘Uits　are　p血larily　grown　more　for　the　fresh　firuit

market　more　than　for　processing．　in　addition，　market　dema皿d　extends血roughout

the　year　even　though　any　one　cUltivar　in　a　particUlar　regio皿has　only　a　limited

harvest　seaso血，　except　for　some　relatively　minor　tropical　produce．

　　　　　　For血e　fresh　consump且on　of　apPles，　consulners　judge　the舳t　quality

based　on　appearance，　texture，　a皿d　especially　on　flavor．　Harker　et　aL（2003）

s皿99ested血at血e　quality　of　an　apple　is　more　important　to　consumers飽l　its

price　when　prices　vary　Within也e　expected　commercial　range・　Mereover・　it　is

imp・血・t血・t　n・w　apPle　cUltivars　a・e　ea・Uy雌・entiat・d杣・m紅k・tPlace　and

enha皿ced　quality　standard　is　the　decision　factor□l　the　consumer’s　selection　of

丘面titems．
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1．2　Apple　fruit　growth　and　cellular　component　changes

　　　　　　The　growth　process　of　apPles　ca皿be　diVided　i皿to　one　short　postanthesis

stage　and　two　major　subsequent　stages．　About　6－12　days　after　pollination，　short

postanthesis　occurs　where　there　is　a　slow　increase　in　the　fruitlet　weight　due　to

cell　division．　The丘rst　maj　or　stage　is　characterized　by　a　rapid　exponential

increase　of　fuitlet　weight　by　cell　divisio皿and　this　cont血ues　fbr　6　to　8　weeks

after　anthesis．　After　this　period，　the　fruit　grows　mainly　by　individual　cell

expansion　（Ryugo，1988）．　The　cells　elongate　and　continue　to　expand　at　a

declining　rate　during　the　second　major　stage　unti1　harvest．　i　l　some　cUltivars，　the

seed　fb血ation　plays　an　important　role　in　these　growth　processes．　An　apPle　can

have　15　or　more　seeds，　but　if卿locule　is　lac㎞g　seed　due　to　poor　po11ina丘o叫

development　of　1血is　side　of　the　fmig　is　arrested　in　some　cultivars．

　　　　　　Brooldieldθ昆1．（1997）found曲at　the　fuit　starch　concentration　of

‘RoYai　Gala’a皿d‘Fuji’actually　decreased　to　reach　a　mi1血num　value　30　days

afte正anthesis，　which　then　hlcreased　du血1g　the　folloWing　80　days，　with　the

geatest　acc㎜司a且on　occ㎞g　be伽een　80　and　l　lO　days頑er舳esis．　As也e

apple　e皿1arge也the　water・insoluble　dly　matter　co皿tent　of　the　f㎞it　decreased

pardy　because　the　starch　i皿the　cens　is　hydrolyzed　to　glucose・V丙h血e　丘Uits

c・n血ue　t・g晒也e　c・血c吻arenchyma　ceUs　bec・me　is・diametric　as　the　cells

separate丘om　one　a皿othe口lo皿g　the　middle　lamella．　Fnlit　density　decreases　as

the　volume　of　interce皿ulaエ　a丘spaces　j皿creases．　The　a辻i皿1hese　spaces　is

relatively　rich　nl　carbon　dioxide　and　poor　i皿oxygen　beca皿se　of　cell　resp廿ation

and　the　slow　rate　of　gaseous　excha血ge　With　the　surrounding　atmosphere（Ryugo，

1988）．
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　　　　　　Prote輌ontent血血e　apPle㎞t　decreases　to　a㎡血1㎜，㈱to血ee

weeks　befbre　harvest，　but　increases　aga血1　as　the丘Uit　approaches　its　fUll　maturity．

D㎜g血speriod，也e㎞it　cells　produce　v曲us㎞ds　of　e輌es．　The

accumulation　of　rr血eral　elements　by也e　apPle　is　propordonal　to　the　rate　of

increase　in　dry　matter（Ryugo，1988）．

1．3　Fruit　maturation　and　ripening

　　　　　　Maturation　is　the　process　leading　to　physiological　or　ho由cultural

matu亘ty．　Physiological　maturity　is　the　stage　of　development　when　the丘uit　will

continue　o皿togeny　even　if　detached．　HonicUltUral　maturity　is　when　the　fhlit

meets血e　cdteHa囲down　by　cons㎜ers．　Ripe血g　refers　to　the　transition

period　betWee皿matUration　of丘Uit　and　senescence．　lt　is　the　sum　of血e　proce　sses

from　the　later　stages　of　growth　through　to　the　early　stages　of　senescence，

resulti皿g　in　the　atta㎞ent　of　eat血g　quality　characteris疽cs．　Watada　et　aL（1984）

also　suggested血at　the　eati血g　quality　of　the丘Uit　is　based　on　the　developmental

processes　of　maturation，　ripel血9，　and　senescence・

1．3．1　Maturity　index

　　　　　　For　physiological　changes，　t　le　rate　of　respiration　per　unit　fresh　weight　is

high　in　the　early　season　dllri皿9　the　cell　diVision　phase　of　fhUit　9roWh　which　then

declnes　to　a　very　low　level（Bepete　and　Lakso，1997）．　Thereafter，　when　the　fhlits

reach　physiological　maturity　and　ripening　processes　are　mitiate↓　the　apples　show

aInarked　i皿crease　hl　respiratory　activity　resUlting　in　i皿creased　prOduction　of

carbon　dioxide．　This　inorease　in　respiratory　activi句ちreferred　to　as　the　respiration

cUlnacteric，　precedes　the　visible　sy皿rpto皿s　of　ripening・　Subsequent　to　this

clmacteric　rise　which　occurs血apples　left　attached　to　the　tree　a丑d　in　harvested

fiuits，　respiratio皿rates　dec］U血e　once　Inore（Fig・1・1）・

3



　　　　　　Ethylene　production　gradually　declines　duri皿g　cell　division　and

expansion・　In　apPles，　respiration　climacteric　ethylene　producdon　increases

rapidly　just　prior　to　the　obvious　signs　of　ripenin・g．　h　climacteric　apPles，　the

change　i　l　ethylene　production　may　coincide　with　the　cha皿ge　in　rate　of　respiration．

Prior　to　ripening　of‘Golden　Delicious’apples，　ethylene　production　in　the　fhUt

fiesh　was　considerably　lower　than　ethylene　in　the　pedicels　amd　cluster　bases．

When　the　f汕t　started　to　ripen（157　days　af董er　fUll　bloom），　ethylene　content　of

the　fruit　flesh　began　to　i皿crease　and　was　higher　than　other　parts　of　the　apple　until

167days　after血ll　bloom．1パMclntosh’apples，　ethylene　production　started　to

increase　in　the　mit　flesh，　pedicels　a皿d　cluster　base　tissues　at　132，136，　and　143

days　respectively　after　fU11　bloom（Blanpied，1972）．　ln　addition，　Brookirield　et　aL

（1997）reported　that　1血e　internal　ethylene　concentration　of‘Royal　Gala’fltuit

丘1creased　slightly　between　130　and　140　days　a血er　anthesis，　after　which　there　was

rapid　increase　concomitant　with　qUick　yellowing　of　the　background　color　as　the

丘uit　ripened．　For‘F呼’，　the血temal　ethylene　concentration　increased　betWeen

140　and　165　days　after　anthesis　prior　to　commercial　harvesち　even　though　actUal

values　fbr‘Fuji’had　bee皿characteristically　low．

　　　　　　Detem血ation　of　starch　hydrolysis　by　iodme　staining（SI）is　widely　used

as　a　matUrity　index　of　the　apple　by　proVidmg　an　estimation　of　fruit　starch　content

σngle　and　D’Souz隅1989；Fan　et　al．，1995；Lau，1988）．　The　starch血dex　vahles

provide　valuable　guidance　to　the　level　of　fhuit　maturity　and　the　appropriate　time

to　harvest　for　immediate　consumption　or　long－term　storage．　Despite　the　coiumon

us　e　of　SI　to　mo皿itor　starch　loss　du血g　frUit　maturation，　SI　varies　Widely　betWeen

cultivars　and　it　has　bee皿reported　that　it　does　not　relate　well　to　starch

concentration（Fan　et　al，1995；Watk口ls　et　al．，1993）．

4
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L3．2　Chemical　compositions　and　eating　quality

　　　　　　Ma皿y　metabolic　changes　including丘mmess，　starch　hydrolysis，　sugar

accumulation，　and　the　decrease　of　organic　acids　a皿d　phenolic　compounds　seem　to

be　the　most　significant　aspects　in　the　detenni皿ation　of　flruit　eating　quality（Fig．

1．2＞Du血g　ripening，廿uits㎜dergo　maj　or　changes㎞their　chemical　and

physical　states．　These　changes　represent　a　wide　spectr㎜of　synthetic　and

degradative　biochemical　processes，　of　which　ma皿y　occur　concurrently　or

sequentially　within　the　ftuit．　Aherations　in　the　quality　attributes　of　the　ftUit　are

shown　in　Table　l．L

　　　　　　FrUit　flavor　is　primarily　affected　by　the　composition　ef　sugars，　acids，　and

volatile　compounds．　Changes　in　sugars　and　organic　acids　are　the　predominant

altering　f己ctors　of　fmit　taste．　The　sucrose，91ucose，　alld　fiructose　are　responsible

fbr　the　sweetness，　with　some　minor　contri加tion廿om　sorbitol．　Fnユctose　is　the

main　sugar　hl　mat皿re　apples　of　most　cultivars，　including‘Golden　DeUcious’

（Pavel　and　Dej　ong，1995）and‘Greensleeves’apples（Deflippi　et　a1．，2004）．1皿

the　a廿ached麺ちsugars　increase　via　translocation　of　sorbitol　a皿d　sucrose丘om

1血eleaves（Bieleski　and　Redgwell，1985；Teo　et　al．，2006＞Upon　a㎡val，　sucrose

is　metaboUzed　by　invertase　and　sucrose　synthase，　while　sorbitol　is　converted　to

f已ctose　by　sorbitol　dehydrogenase．　In　pome　fruits　includ血g　apples，丘Uit

sweetness　is　associated　with　changes　in加emal　sugars　which　are　products

derived丘om　the　hydrolysis　of　carbohydrate　reserves　Within　the　tissues．
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　　　　　　Starch　is　a　maj　or　substance　accumulated　dtmg　maturation　of　the　apPle

丘Uit（Magein　a皿d　Leurquin，2000）．　Ryngo（1988）suggested　that　starch

degradation　in　the　apple　starts　when　the　ftuit　reaches　the　mature　stage．　Sugars　are

accumulated㎞the　f面t　cells　du血g　ripening，　and　the　f汕t　becomes　sweet，　which

is　an　important　flavor　in　detem血ing　fhUit　quality（Kader，2000）．　Du血g　the

ripeni皿g　of‘Jonagold’apples，　the　starch　decreased　u3．7　mg　g－1丘esh　weight　per

week（Lau，1988）．　hl　general，　starch　hydrolysis　begi皿s　in　the　later　stages　of　frUit

growth，　usually　20r　3　weeks　before　the　increase　of　ethylene　production　in　apples

（Lau」　1988）．

　　　　　　Frrぱfumness　at　an　acceptable　harvest　date　of　the‘Jonagold’was　73－76

NAIthough　there　was　a　sli≠t　decrease　hl　f㎞mess　wi也alater　harvest　date，

麺ts　went　soft　after　storage　at　O℃in　a廿（Lau，1988），　The　fumness　of‘Red

Delicious’and　‘Golden　Delicious’apples　also　decreased　durillg　ripening

（Blankenship　and　U皿a血，正988）．　The㎞ess　at　ma迦鵠at　opdm㎜h靹est

date　or　fbr　long　teml　storage，　varies　f士om　cultivar　to　cultivar，　e．　g．　fヒom　68　N　for

‘Mclnto　sh’to　82　N　fbr‘De五ciuos’血the　same　season（Lau，1988），　and　also丘om

seaso血to　season．

　　　　　　In　apples，　both　citric　and　malic　acids　show也e　mid－season　rise　in

concentration　but　qumic　acid　concentration　falls丘om也e　beg㎞血g　of　the　season

（Knee，1975）．　The　metabolism　of　malate　by　tissue　slices血creases　as　apples

undergo　the　climacteric．　In　addition，　the　titratable　acidity　of‘Jonagold’apPles

decreased＝11mg　malate　100　mL’10f　juice　per　week　du血9　frUit　maturation　a皿d

ripening（Lau，1988）．

？



　　　　　　An　increase　in　the　redness　of　skin　color，　and　the　yellowness　of　ground

color，　was　gbserved　in‘Jonagold’apples　during　fruit　maturation　and　ripening

（Lau，1988）．　Jackso皿（2003）sugge　sted　that　anthocya血synthesis　occurs　during

舳tgrowth　where　the　color　changes　during　ripening　in　accordance　to　the

disapPearance　of　chlorophyll　a　and　b．　Carotenoid　declines　du血g　ripeni皿g　but

xanthophylls　increases　as　mono－and　diesters，　mainly　palmilate　and　oleate．

Galactolipids　and　associated　linolenyl　moieties，　which　are　typical　chloroplast

membrane　constituents，　are　lost　on　ripe血g　but　phospholipids　and　fatty　acyl

groups　remain　consta皿t　or　increases　slightly　Traces　of　farnasene，　thought　to　be

implicated　in　the　development　of　scold，　are　present　on　the　surface　of

pre－olin皿acte亘c　lfhUits　and　the　amou皿t　i皿creases　rapidly　on　ripening．　The　orga皿ic

compounds　of　apple　aroma　and　flavor　are　synthesized　during　the　climacteric

phase．
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Table　i．1　Physical　and　chemical　altera廿ons　that　occur　d面皿g　the　ripening　of

fleshy　fiuit（Kays，1991）．

LSeed　maturatio皿

2．Cha皿ges　in　pigmentation

　　　　　　a．degradation　of　chlorophyll

　　　　　　b・㎜as㎞g　of　e緬9　Pi騨s

　　　　　　c．synthesis　of　carotenoids

　　　　　　d．synthesis　of　anthocyanins

3．Softeni皿9

　　　　　　a．cha皿ges　in　pectin　composition

　　　　　　b．possible　alterations　in　other　cell　waI1　components

　　　　　　c．hydrolysis　of　storage　materials

4．Changes　in　carbohydrate　compositien

　　　　　　a．starch　to　sugar　conversion

　　　　　　b．sugar血terconversio皿s

5．Production　of　arσmatic　vola創es

6．Cha皿ges　in　organic　acid

7．Fnlit　abscissiOll

8．Changes　in　respiration　rate

9．Ch．　anges　i　1　the　rate　ef　ethylene　syn曲e5is

10．Changes口1　tissue　pemleabiity

　　　　　　　　　　ロ　　　　　　　　　　　　　　　　　　ロ

11．Changes　1皿protelns

　　　　　　a，quanta直ve

　　　　　　b．（lualitative（enryme　sy皿血esis）

12Dev巳10pment　of　sur£ace　waxes
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1．4　Starch　degradation　metabolism

　　　　　　Starch　plays　an　important　role　in　the　hlcrease　of　sugar　content　during

丘uit　ripening・Addition｛dly，　as　demonstrated　by　Lau（1988），　the　starch　content　of

廿le　apPle　is　considered　to　be　a　suitable　hldicator　of　harvest．　In　the　flesh　of　the

apple，　starch　accumulation　takes　place　dl迦g　developmen迦d　most　of血e

starch　gra皿ules　of　the　apPle　disapPear　at　harvest．　In‘Jonagold’，　the　total　starch

accumulation　started　noticeably　in　fmitlets　only　when　their　mean　size　exceeds　20

mm　in　diameter．　The　starch　concentration　exceeded　120　mg　g’l　of酎m甜er

when血e麺ts　were　50㎜舳ameter㎞㎡d－July．

　　　　　　The　starch　content　of　apples　during　developme皿t　varied　according　to　the

location　in　the　flesh．　The　most　prominent　feature　was　the　higher　starch　content

and　a　lower　decrease　rate　in　the　outer　part　of　tbe　flesh　than　i皿血e　imler　a皿d

mid沮e声s（Oimiya　and　Kakiuchi，1990）．　Brook丘eld　et　aL（1997）found　that

al1　tissues　showed　a　decline　in　starch　concell血atio皿With　the　lowest　starch　content

in　the　core，　and　dec血ied　to　below　O．2　mg・g’1　fresh　weight　in　both‘Royal　Gala’

and‘Fuji’　apple田1tivars，　Starch　hydrolysis　is　accompanied　by　the　appearance　of

sucrose　but　the　amount　of　sucrose　far　exceeded　the｛amount　that　can　be　accounted

fbr　by　starch　hydrolysis　alone（Whiting，1970）．　Sucrose　is　then　slowly

hy｛加lyzed　to　form　more　glucose　and｛已ctose．　The　concentration　ef　sugars

changes　Httle　du血g　storage．　Fmit　abscission血some　apple　cultivars　always

occur　at　a　fixed　starch　co皿centration，　suggesting　a　close　lnk　betWeen　starch

conten迦d　the皿atUral　ripe血9組senescence　processes・
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　　　　　　ApPle　starch　consists　of　two　compounds；astraight－chained　moIecule，

amyl・・e（AM）・也・t・・nt血・200－1，000　gl・…e・ub血t・and・amyl・pecd・（ne），。

branched－chain　molecul　e　that　is　substantially　largeらcontaining　2，000－200，000

sub皿its・Amylose　has　individual　glucose　molec司es　l註tked　byα一（1－4）glucosidic

bonds，　with　bonding　angles　which　impart　a　helical　structure　to　the　molecule．

㎞ylopect註l　has　snnilar　α一（1－4）　glucosidic　bonds　between　glucose　subunits；

however，　every　20－25　glucose　molecules　along　the　cha坑there　is　a　branch

fbmed　viaα一（1－6）glucosidic】inkage．　AM　and　AP　react　differently　with　I2－KI

solution．　AM　reacts　most　ef匠ciently　with　I2－K杜o　produce　blue－black　piglnent

（McCready　a皿d　Hassi軋1943；Fan　et　al．，1995），

　　　　　　Degradation　of　starch　i皿plants　proceeds　in　basically　two　differen、t

reactions；hydrolysis　and　phosphorolysis　（Fig．　1．3），　Starch　phosphorylase　is

suggested　to　be　involved　in　the　breakdown　metabolism　of　starch（Jacksog　2003）．

AdditionaH5㌦hydrolysis　of　starch　in丘11its　is　probably　induced　byα一amylase，

β一amylase，　and　debranching　enZymes（Fig．1．4）．　Overview　of　starch　degradation

metabolism　is　shown　i皿Fig．15
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Fig．1．4　Glucosidic　bonds　in　the　i血terior　of　starch　molecUle　are　hydrolyzed　by

o卜amylases．　The　debranchi皿g　enZyl皿e　hydrolysesα一（1－6）血nkages・β■amylases

release　disaccharide　maltose丘om血e　e皿d　of　starch　molecules．　Maltose　is　then

血lr血er　hydrolyzed　by　enZyme　maltase　to　produce　tWo　glucose　segments（Heldち

1997）．

14



STARCH
■

：

号

Enz　mes
■

■

■

■

▽

SUGARS

●Amylose

・Amylopectin

Hydrolase’Phosphorytase
■

■

コ

▼

゜α一Amylase

・β一Amylase

・Debranching　enzyme

■

■

■

■

■

■

■

■

■

■

　

▼

：

号

・Sucrose
口Glucese
・　Fru《Ctose

　　Starch
PheSPhorylase

Total　Hydrolytic　ACtivity

Fig．1．5　OverView　of　starch　degradatio皿metabolism．

15



1・5］Factors　affecting　fruit　ripening　and　starch　degradation

1．5・1Ethyleme

　　　　　　For　many　years，　e血ylene　has　been　recognized　as　the　horrnone出at

nlduces　ripen註lg　of　edible　fhlits．　Addition　of　ethylene　to　such　fhuits　hastens

ripel血lg，　and　a　drarnatic　i　lcrease　in　ethylene　production　is　closely　associated

with　the　initiation　of　ripeni皿g（Taiz　a皿d　Zeiger，1998）．　However，　surveys　of

various　f面ts　have　shown　that　not　all　of血em　respond　to　ethylene．

　　　　　　Treatment　with　ethylene　induces廿le　fruit　to　produce　additional　ethylene

and　its　action　can　be　described　as　autocataly丘c．　In　c1㎞acteric　ftu　its　includi皿g　the

apPle，］ripening　is　associate｛l　with　an　i皿creased　productio皿　of　ethylene，　and

ethylene　trea血ent　can　accelerate　ripe血g，　When血e㎜pe麺ts肛e圃ed

with　ethylene，　the　onset　of　the　climacteric　rise　is　accelerated．　Vゾhen

non－climacteric　fhlits　are　treated　in　the　same　way，　the　magnitude　of　the

respiratory　rise　increases　as　a　fU皿ction　of　the　ethylene　conce皿tratioq　but　the

treatment　does　not　st㎞ulate　dle　production　of　endogenous　ethylene　and　does　not

aCCelerate　ripening．
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　　　　　　In　g・n・・al・・血yl・ne　e血an・e・血・t・・t・and・flav…f舳・by・timUl・血9

npe㎜9（Watada・1986）・DefilipPi　e　t　aL（2004）suggested也at血e　regulation　of

fi・v・・m・t・b・li・m　in・pPl・・by・也yl・n・i・c・mpl・x．　S・gar・（m醐y・u・…e・and

丘uotose）and　organic　acids　are　under　ethylene　regulation．　On　the　other　han〔L　the

meta1）olism　of　phenolic　compounds　may　at　least　be　considered　as　an

ethylene－independent　process　in　the　last　stages　of丘T山development．　Moreover，

ester　acc㎜噸o皿is　clearly　regulated　by　e也ylene．

　　　　　　In　climacteric　f皿ts，　ethylene　is　known　to　trigger　ma皿y　physiological　a皿d

biochemical　cha皿ges　du血g　fmit　ripen血g，　and　to血duce　ethylene　production，

re　spiration　rate，　and　fruit　senescence（Pratt　and　Goesch1，1969）．　Starch　to　sugar

conversion　has　also　1〕een　suggested　as　one　aspect　of　fhUit　ripen血g　st㎞Ulated　by

e血ylene（Kader，1985；VU遙㎞s，2003）．　Significant　correlations　betWeen　s倣ch

loss　and　the　increase　of血temal　ethylene　concentration（IEC）was　observed　in

‘Golden　Delicious’，‘Red　DeHciolls’，　and‘Jenagold’apples（Lauθ’α’．，1986；

Ingle　a皿d　D’Sonza，1989；Lar』1988）．　However，　starch　degradation　of　c　Fuji’，

℃ala’and‘Delicious’apples　were　observed　pdor　to　any　increase　in肥C

（Brooldrield　et　al．，1997；Bla丘ke皿sh、ip　and　Unrath，1988）．　Although　starch

degradation　has　been　studied　in　many　firv血s（Fan　et　al．，1995；Garcia　and　Laj　olo，

1988；Zhang　and　Wang，2002），丑lere　is　no　clear　result　about　1血e　role　of　ethylene

in　starch　degradation　of　the　apple．　Additionally，　different　apple　cUltivars　may

have　d遜erent　responses　to　edlylene．

17



1．5．2　1－Methylcyclopropene　（1－MCP）

　　　　　　1－MCP　is　a　new　tool　fbr　the　inanagement　of　ethylene　action　and／or

production　by　climacteric　fiuit　hlcluding　apples．　It　is　a　gas　with　a　molecular

weight　of　54　and　a　forrnUla　of　C4H6．　This　compound　is　an　ethylene　action

血血bitor　that　prevents　plant　tissues丘om　responding　to　edlylene　by　combi血g

with　ethylene　receptors．　It　improves　storage　1ife　and　prevents　other　physiological

disorders　m　many　apPie　cultivars（Sisler　and　S　erek，1997；Fan　et　aL，1999）．

　　　　　　It　has　been　shown　that　1－MCP㎡垣bited　ethylene　production　in‘F可i’and

effectively　reduced輌lene　produc柱on　of‘Braeb㎜’叩ples（Argenta　et　aL，

2001）．hl　general，1－MCP　reduces　respiration　rates　or　delays　increases　in

resp廿ation．　Respiration　has　been註）hibited　Via　treatment　of　1－MCP　in‘F両i’（Fan

and　Mat也eis，1999b），℃丁狙y　Smith’and‘Red　Delicious’（Fan　et　al．，1999）．

　　　　　　The　de－greening　of‘珂i’apples　was　i11止曲ited　by　l・MCP（Fa皿and

Mat血is，1999b）．　Although　l－MCP－treated‘Red　Chief’apples　had　a　greener

backgro皿d　color　than　un血eated　f皿ts，　the　chlorophyll　fluorescence

measurements　indicated　that　loss　of　chloroplast血nction　was　largely　independent

of　ethylene（Mir　et　al．，2001）．

　　　　　　The　forrnation　of　volatile　compou血ds　hl　apples　is　d遜erentially血血ib註ed

by　1・MCP（Fan　and　Matteis，1999a）．　The‘A皿a’apple　treated　wi血1－MCP

retamed　more　volatiles　associated　wi也newly　harvested　apples　and　lesser

alnounts　of　volatiles　associated　with　ripening　apPles．　The　untreated　apPles

developed　a　more　ripe　and丘ぱy　volat且e　composition　tha皿the　1・MCP・treated

・pPl・・（L面・・’砿2002）’Th・t・Ul　v・1・且1・・f・rm・ti・n　w・・血bit・d　in

‘Mci　ltosh’　and‘Delicious’（R皿pasinghe　et　aL，2000）．
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　　　　　The　apples　were　shown　to　maintain也eir　flrmmess　after　l－MCP　treatment，

with　data　presented　on‘Delicious’，‘Gτanny　Smithう，‘F吋i’，　Ginger　Gold・，・Gala・，

‘ldared∵Jo皿agold’，　and‘McIntosh’（Rupasinghe　et　aL，2000；Fan　et　aL，1999a；

WatlC註ns　et　al・，2000；Mir　et　al．，2001），　Moreover，1－MCP　treatment　ma血tained

apple　f㎞es凸etter　than　the　controlled　atmosphere（CA）storage（M廿et　aL，

2001）．In　addition，　Wati血s　et　al，（2000）fbund　that　the　combination　of　1－MCP

a皿dCA　was　better　tha皿either　one　alone．

　　　　　Watkins　et　al．（2000）fbund由at　the　titratable　acidity　of　the‘Law　Rome’，

‘Delicious’，‘Emp廿e’，　and‘Mclntosh’was　always　higher　in　l－MCP一仕eated丘面t

du血g　air　storage．1－MCP　maintained　the　titratable　acidity　iパRed　Delicious’，

‘Gra㎜y　Smith’，‘F耳ji’，‘Jonagold’，‘Ginger　Gold’，　and‘Gala’apples（Fan　et　al．，

1999）．hl　co皿trasち1－MCP　did　not　aflrect　the　titratable　acidity　m‘Red　Chief’

apples　during　storage　at　several　temperatures（Mir　et　aL，2001）．

　　　　　　Soluble　solids　were　higher　in　1－MCP・treated　apples（Fan　et　al．，1999），

but　remained　unaffected　by　1－MCP　in　some　cultivars（Rupasi皿ghe　et　al．，2000；

DeEll　et　aL，2002）．　The　contrasting　results　amollg　different　apples　are　notable

a皿dmay　be　due　to　d遜ere皿t　cUltivars　or　varied　expe血lental　con〔litions　used．

V晦馳set　al．（2000）fbund　differe皿ces血the　response　of　apPle　cultivars，　With

1－MCP－treated‘Mclntosh’and‘Law　Rome’f㎞ts　havi皿g　lower　soluble　solids

and　‘Delicious’　and‘Empire’　haVing　higher　soluble　solids　than　untreated　frUits．
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1．6　Purpose　of　research

　　　　　　‘Fruit　ripenmg’refers　to　the　changes　in　the丘uit　that　make　it　ready　fbr

consumption．1杣e　appl輌it，　such　ch皿ges坤i副y　include　st肛ch　hydrolysis，

sugar　accumulation，　softe血g，　and　the　decrease　of　organic　acids　and　phenolic

compounds．　AI1血ocyanins　and　carotenoids　often　accumUlate　in　the　epide迦s　of

丘Uits．　Ripe血g　occurrence　is　therefore　important　fbr廿uit　products　as　it　also

correlate　s　with　the　development　of　eating　quality，　Ethylene　has　been　known　as

the　homlo皿e　that　accelerates　the　ripening　of　ftUit．　Addition　of　ethyle皿e　to　f㎞its

㎞creases　ripenh19，　and　a　drama丘c　increase　註l　ethylene　production　is　closely

associated　with　the　mitiation　of　ripe血9．

　　　　　　In　the　apple　fh誕，　starch　is　observed　to　be　the　maj　or　accumulated

carbohydrate　which　is　then　degraded　to　provide　sugars　associated　to　mit

sweetness　as麺t　ripens．　Ethylene　has　been　reported　to　be血voIved㎞the

亘peni血g　of　the　apple　fruit；however，　the　action　of　ethylene　on　starch　degradation

alid　sugar　accumUlation　during　ripe皿i血g　is　not　clear．　The　respo皿se　of　fhuits　to

e血ylene　at　clifllerent　9rowth　stages　With　different　levels　of　accumulated　starch　is

not　weU－studied．　In　addition，　the　characteristics　of　starch　degradation　may　vaエy

accordi皿g　to　cultivar　variations　and　their　physiological　propenies．　Therefbre，　the

relationship　between　fmit　ripe血ing　and　starch　degradatio皿　characteristics・in

relation　to　ethyle皿e血麺t　tissues　at　different　developmental　stages・and

cUltivars　was　stUdied　i　l　this　research．
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　　　　　　F・・m也is　re・ea・ch，　it　i・exp・ct・d・th・t也・・elati・n・hip　b・tWee皿・thyl・n・，

1－MCP　t「eatments・and　starch　degradation　Will　provide　a　clearer　lmdersta皿ding

about　the　effects　of　ethylene　on　the　ripening　and　the　characteristics　of　starch

breakdown　in　apPles・Additionally，　the　understanding　of　the　ef民cts　of　ethylene

and　1－MCP　on　sugar　accumulation　provides　basic　data　fbr　further　studies　about

starch　to　sugar　conversion　du血g　ripening．　It　may　be　used　in　post－harvest

prac血ces　to皿prove舳t　ea6ng　quality．　Moreover，　changes　in　physiological

propenies，　and　chemical　changes　i皿cludi皿g　amylose，　amylopect血，　and　sugar

content　in　fruit　flesh　durtng　growth　and　maturation　of　apple丘Uits　proVide　basic

㎞owledge　fbr　f㎞ther　use　not　only　fbr　ftUit　physiologists　and　biochemists，　but

also　for　ftUit　growers．

1．7　Experimental　scope

1．7．1　The　effects　of　ethyle皿e　on　ripeni皿g　and　starch　degradatio皿of　two　apPle

cUltivars（cv．　Tsugaru　and　FuJ’i），　harvested　at　immature　and　mature　stages，　were

evaluated．1－methylcyclopropene（1－MCP）was　used　as　an　ethylene－action

inhibitor（Chapter　2）．

1．7．2　The　effect　of　ethylene　and　l－MCP　on　starch　degradatio皿pattem　a皿d　sugar

accumUlation　i皿each　panicUlar　zo皿e　of　fhUit　fiesh　and　the　physiological　changes

d㎡血g　storage　of　immature　and　mature　‘Tsugaru’　were　examined（Chapter　3）．

1．7．3　Characte！nistics　of　starch　degradatio皿includ輌皿g　changes　in　amylose　and

amyl・pec血・・皿t・皿t・，鋤d・ug・・　accumUl・ti・n㎞・a。h　p血・Ular　fl・・h・・n・・f

。皿．tree　、pPl・舳t・（・v．　T・uga・u，　G・ld・n　D・li・i・us・殉」・and　O・in）we「e

mv，、tig、t，d　d血9　9r・w也皿d　m・turati・n・晦・i・1・9i・al・・pect・m・lu伽9

・e・綱・n・at・砲d・酎1・n・p・・du・d・n・were・al・・mea・田ed（Chapte「4）・
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　　　　　　　　　　　　　　　　　　　　　　CHAPTER　2

STARCH　DEGRADATION　OF　DETACHED　APPLE　FRUIT　IN

RELATION　TO　RIPENINGAND　ETHY］LENE

2．11ntroduction

　　　　　Starch　is　the　p血nary　carbohydrate㎞㎜ripe　f已it．　As丘uit　ripens，　starch

is　degrade｛L　and　也e　sugar　content　（soluble　solid　concentration）　increases，

providing　the　sweetness　associated　with　the　taste　of　ripe　fUEit（Blankenship　and

Unrath，1988；Brookfield　et　al．，1997；Dinar　and　Stevens，1981；Prabha　and

Bhagyalakshmi，1998）．　Additionally，　sweet皿ess　is　one　of　the　impo】rtant　attributes

i皿apPles，　affecti皿g　the　fhlal　flavor　a皿d　increash19也e　fhlit　quality　and　its　price；

血eTefore，　starch　accumUlation　during　growth，　and　starch　degradation　during

直pe血9訂e　impo宜ant　phenomena．

　　　　　The　net　loss　of　starch　starts　at　the　begirming　of　the　fhUit　ripeni皿9　Process

on　and　off　the　tree（Brook丘eld　et　al．，1997；Lau，1988；Magein　and　Leurquin，

2000）．After　harvest註1g　apPle　fhUiちarapid　i皿crease㎞e酎lene　productio皿and

the　respiration　rate　of　the　fhuit　is　simUltaneously　observed　wi也the　loss　of血e

starch　content．1皿　addition，　ethylene　has　been　suggested　to　be　involved　i皿

stimUlating　the　conversion　of　starch　to　sugar（Kader，1985；Wa蝋ns，2003）；

however，　Blankenship　and　Unrath（1988）reported　that　the　starch　conversion

P・・cess・f・G・ld・n　D・h・i・u・’w曲d・p・nd・血・f・thyl・n・p・・du・ti・n・W皿・

there　are　some　studies　of血e　physiology　of　starch　degradatioq　the　relationship

between　starch　degrada丘o血and　other　p止lysiological　cha皿ges・such　as　respiration

・nd輌1・n・p・・du・甑is　s曲皿・lear・・M・・e・v・ち血血er・e・e肛・h　i・・eq皿・d　t・

、1輌血…1・・f・thyl・n・祖・皿・h　d・9r・d・仕・n　d血9血・d・v・1・pm・nt・fapPle

麺t．
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　　　　　　The　e也y1・n・・acti・n・inhibit・・，1－m・血y1・y・1・P・・P・n・（1－MCP）（Si・1・・and

Serek・1997）・has　been　shown　to　increase　post－harvest　life　and　maintain　fhit

quality・It　reduces　ethylene　production　and　the　respiration　rate，　mahlta㎞s丘uit

丘㎜ess・and　reduces　the　loss　of　starch　content　in　apPles（Fan　et　al，，　1999；

Pre－Aymard　et　a1’・2003）・Altihough　there　are　stUdies　showing　that　l・MCP　might

have　i　ihibitory　effects　on　the　starch　degradation　process　duri皿g　ripe皿i皿g　by

blocking　ethylene　action，　there　is　still　debate　about　the　effect　of　1．MCP　on　the

starch　metabolism　of　apple丘uit．

　　　　　　The　objective　of血s　study　was　to　investigate　the　physiology　of　starch

degradation　in　relation　to　ripe皿㎞g　and　ethylene　in‘Tsugaru’，　which　produces

high　amo㎜ts　of　e也yle皿e，　and‘珂i’，　which　produces　vely　low　amo㎜ts　of

ethylene．

2．2Materials　and　Methods

卿rθ輌加

　　　　　　Two　cultivars　of　apples，　early－maturing‘Tsugaru’　ftuit丘o皿a5－year－01d

tree　and　late－matu血g‘F可i’血Ut丘om　a　30－year－old　tree　grafted　o皿Marubakaido

（Malus　prun蓼folia　Bor㎞．）rootstock　were　obtained丘om　the　expe血nental

orchard　of　the　Faculty　of　Agriculture　and　Life　Science，　Hirosaki　University，

Japa皿．　Fnlits　of　each　cUltivar　were　harvested　at　two　matUring　stages．加mature

ftUits　were　harve　sted　at　70　days　after　fU皿bloom（DAFB）fbr‘Tsugaru’and　116

DAFB　fbr‘珂i’．　MatUre　fnits　were　harvested　at　106　DAFB　fbr‘Tsugaru’and

148DAFB　fbr・Fuji・．　The丘udts　of　each　harvesting　crop　were　separated　into血ee

gr・up・f・・柚a血・nt唖・thyl・n…1－MC恥d　a　c・加・1・
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Treatments

　　　　　　For　ethylene　treatment，　pure　ethylene　gas（2．8　mL，　GL　Sciences　Inc．，

Japan）was　inj　ected　into　a　closed　colltamer（28　L）to　produce　a　final

concentration　of　l　OO　i．sL・L’10f　ethylene．　The　container　was　then　kept　at　25℃fbr

24h・For　1－MCP　treatment，1　9　of　SmartlFreshTM（0．14％AJ．，　Ro㎞紐d　Haas，

Japan）powder　was　placed　in　a　flask　inside　a　container　and　25　mL　distilled　water

was　then　added　with　a　sy血ge　through　the　cap　and　a　mbber　hose　into　the　flask，

which　produced　22．3μL・L’l　of　1－MCP　The　fhUt　was　treated　with　l・MCP　at　25℃

fbr　24　h．　A丘er　the　treatments，　all　fhlits　were　kept　at　25℃in　a　storage　room　fbr

npenmg・

Measuren昭nts

1．Physiological　A皿alyses

　　　　　　To　determine　CO2　production，　each　fhuit　was　weighed　and　sealed　in　L4　L

plastic　boxes　fbr　2瓦and　1皿L　of　headspace　gas　was珂ected輌nto　a　gas

chromatograph（mode1㏄一18A　Shimadzu，　Kyoto，　Japan）equipped　with　a

molecular　sieve　colum皿（60！80　mesh，　GL　Sciences，　Tokyo，　Japan），　and　a　themlal

conductivity　detector．　Helium　was　the　carrier　gas．　The　inj　ector，　ove亘and

detector　temperatures　were　set　at　60℃．　To　determine　the　ethylene　co皿tent，1mL

of　the　headspace　gas　was　removed　a皿d勾ected　hlto　a　gas　chromatograph（model

GC．8A，　S】㎞皿adz皿，　Kyoto，　Japan）equipPed　with　an　activated　alumim　column

（30／60m・・h．・GL　S・i・nce・，　T・ky・」・脚）and・fi・m・i・㎡・ati・n　d・tect・エNi廿゜gen

w。、th，・carri・・g・・．　Th・珂ect・r，・v・n，・and　d・tect・・t・mperatur・・were・et・t　120・

100，a皿d　120℃，　respectively
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2．Chemical　Analysis

　　　　　　The’fruit　flesh　was　sarnpled，　immediately丘ozen　in　liqUid　ni加gen．　and

kept　at－80℃until　s輌h　analysis，　The　method　of　detem血ation　was　that　of

Pharr　and　Sox（1984）and　Wang　et　aL（1997）．　Briefly，200　mg　of　the　sample　was

grou皿d　and　extracted　three　times　with　4　mL　of　80％（v／v）ethanol　at　80℃，　each

fbr　30　mi皿，　and　then　the　suspension　was　centri血ged．　The　remaining　Pellet　was

dried　and　used　for　starch　determination．　Two皿ilUUters　of　O2　M　KOH　was　added

to　the　pellet　and也e　suspension　was　boiled　fbr　30　min．　After　cooling　to　room

temperature，　the　pH　of　the　suspension　was　a（ljusted　to　4．5　with　l　M　CH3COOH

and　then　600㎜its　of　amyloglucosidase丘om　Aspergi〃us　niger（EC　3．2．1．3）

（Sigma　Chemical　Co．，　MO，　USA）dissolved　in　O．2　M　NaAc－HAc　buffer　was

added　to　hydrolyze　the　starch　to　glucose　by　incubation　in　a　55°C　water　bath　for　l

h．The　reaction　was　stopped　by　immersing血e　sample　tubes　in　boiling　water　for

lO　min，　and　the　digest　was　then　cennifUged，　The　supematεmt　was　filtered，　a皿d

injected血to　an　HPLC　fbr　glucose　dete頂ination．　The　HPLC　was　operated㎜der

the　folloWing　conditio皿s：column：SCRlOlC（7．91．D．×300　m叫Shimadzu　LC，

Shimadz肛Co．，　Ltd．）；mobile　phase：water　O．5　mL皿in－1；post　column皿xture：1

MNaOH，0．25　mL・min’1；colunm　tempe伽e：80°C，　detector：PAD．

Data　analysis

　　　　　　Analysis　of　Va　ria血ce（ANOVA）With　Completely　Randomized　Design

（CRD）u・血9・h・mi・al・tr・・加・血・a・afa・t・・w・・p諭㎜・d　u・血g　SPSS（SPSS・

IL，　USA），孤d　T皿・y’・m曲ple－・ang・t・・t　w・・u・ed　t・t・・t・igr・ifi・・n仙』nce

at　the　95％confidence　level　of　each　varialble・
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2．3Results

17富eeffect　ofe’1乞レ1eneαn6『1rルfCP　on　51研℃h　degradation肋imma血tハe　apple／i」輌匡

　　　　　　The　loss　of　starch　content　j皿immature‘Tsugaru’occurred　over　4－day

storage，　and　almost　all　of　the　starch　in丘uits　of　all　treatments　was　degraded

Within　8－day　storage．　The　st肛ch　content　of　ethylene－treated　f　uuit　was　lower　than

the　control　on　day　4　after　harvest　with　significant　difference（P≦0．05）；however，

no　difference　in　starch　co皿tent　betwee皿1－MCP－treated　fruit　and　the　control　was

observed（Fig．2．1A）．　The　respiration　rate　decreased，　rema血ing　low　du血g

storage　with　no　obvious　differences　among　treatments（Fig．2．1B）．　Ethylene

production　in丘uits　of　all　treatments　was　less　than　O．005　i，tL・L’1　during　storage

（data　not　sho㎜）．

　　　　　　桓immature　‘・Fuji’，　the　starch　content　decreased　in　proportion　to　the

storage血le．　The　starch　degradation　of　1－MCP－treated　f汕ts　was　co皿siste皿tly

low，　but　it　did　not　de丘nitely　differ　from　the　control（Fig．2．2A）．　The　respiration

rate　of　a皿the　fiUits　decreased　during　storage，　With　1・MCP　treatment　being　lowest

at　days　4－8．　There　was皿o　difference　in　the　respiration　rate　between

ethylene・treated　frUit　and　the　control（Fig．2．2B）．　Ethyle皿e　production　was　too

low　to　calcUlate　reliably　with　our　measu血g　system　d皿ring　hlvestigatio皿of　the

fhUts　of　all　treatments．

　　　　　　The　s伽ch　co皿te血of血e㎞a加e‘Tsugaru’positively　correlated唖

也ere・p廿a丘・n・at・由一〇．798（T・bl・2．1）．　Al・・，血血・㎞蝋・‘珂i’・也・

・e・p魎・n酷・h・w・da・i餌丘・血・・π・la丘・n舳也e蜘・h・・斌ent（・＝

0．912）．
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肪e繊c1〔ゾθ吻～ene・and・1－MCP　on　starch　degradation加m・’鵬卿Je加輌匡

　　　　　　The　starch　content　of　ethylene－treated‘Tsugaru’fruit　decreased丘om　day

4to　day　l　2，　and　was　significantly　different　from　1－MCP－treated　fヒuit（P≦0．05），

Ethylene　treatment　enhanced　starch　degradation　and　lower　starch　content　was

observed㎞ethylene－treated　ftuit　on　day　4．　The　remam垣g　starch　content　of

l－MCP・treated丘uit　was　sign迫cantly　higher　than　the　control　f面L　while　the　loss

of　starch　in　1－MCP－treated麺t　was　observed　du血g　the　investigation（Fig．

2．3A）．　Ethylene　treatment　promoted　ethylene　production　and　the　respiratio皿rate

on　days　4－8．1－MCP　treatment　completely丘ihibited　both　changes　on　days　8－12

（Fig、2、3B，　C；」P≦0．05）．

　　　　　　1皿matUre‘Fuji’，血e　starch　content　drastica皿y　decreased　4　days　after

treatment．　Although　the　starch　content　of　1－MCP－treated　fuit　was　slightly　higher

than　the　co皿trol　o皿day　8，　it　did加t　differ　from　the　oentrol　on　day　4　or　l　2．　The

starch　content　of　ethyle血e－treated麺t　was　llot　significantly　d遜erent丘om　the

co皿trol　duri皿g　the　expe血ne皿t（Fig．2．4A）．　The　ethyle皿e　production　of

l．MCP－treated輌t　remained　low，　It　was　significantly　lower　than　the　control

丘uit　oll　day　8，　but　there　was　no　difference　wllen　compa血g　ethylene　treatment

With　the　control（Fig．2．4B）．　The　respira血on　rate　increased　in｛血e　control　a皿d

ethyle皿e－treated　friiit；however，110　d掘erence　between　these　treatme皿ts　was

observed（Fig．4C；・P≦0．05）．

　　　　　　The　increased　ethylene　production　of　the　mature‘Tsuganゴobviously

con℃lated　With也e　starch　content（Talble　2．1；r＝－0．698）．　hl　addition，　the　starch

colltent　and　a　sign迅ca皿t皿egative　correlation　With也e　respiration　rate　was

・b・e蝋（T・bl・2．1；r＝－0．783）．　H・w・v・・，鋤・皿・賦‘F域也e　c・rr・硫・n

coef日cie血s　between　the　sta正ch　content　and　ethylene　productio皿or　resptrat「on

rate　were　very　low．
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2．4Discussion　and　conclusion

　　　　　　The　starch　content　decreases　in　association　With　fuit　ripe】㎡皿g　o皿and　off

the　tree（Brookfield　et　al．，1997；Lau，1988；Magein　and　Leurquin，2000；Wa曲s，

2003），and　the　starch　content　of　the　fmit　is　used　as　a　maturity　i皿dex　of　apPle　fhuit．

The　loss　of　apple　starch　seems　highly　related　to　fmit　climacteric　and

physiological　cha皿ges　such　as　i皿creas㎞g　ethylene　production　and　respiration

rate；however，　there　is　no　clear　report　examming　how　the　maturity　of　fruit　affects

starch　degradation　and丘Uit　ripel血9　physiology．

　　　　　　h血ecase　of㎞a加e坤血e　st訂ch　of‘Tsug脚’皿d‘F可i’rapidly

decreased　after　harvesL　while　respiration　gradually　fell　and　ethylene　production

was　low．　Moreover，　the　effects　of　ethylene　and　1・MCP　on　starch　degradatio皿

were　vely　small；the　starch　disappeared　Within　8　days　after　harvest　for‘Tsuganゴ

and　12　days　fbr‘Fuji’，血Tespeclive　of血e　treatment．　Although血e　fhuit　at　this

stage　produced　a　low　basal　rate　of　ethylene，1・MCP　had　no　effect　on　starch

degradation．　These　results　sh．owed　that　starch　degrada丘o皿at也is　stage　did　not

relate　to　the　cli皿lacteric　of　the　fuit　and　ethylene．　It　is　also　supPorted　by　the

res田ts　of㎞a伽e‘Jonagold’，　a　mid－maturing　cUltivar，　de卿且加of　starch

a皿dchanges　of　respiration　a皿d　e丑1ylene　productio皿was　not　induced　by

treatments　of　ethyle皿e　or　1－MCP（data　not　shown）．　Thus，　it　seems｛hat血mature

fhオt　i皿espec廿ve　of　cUltivars　could　not　respond　to　endogenous　a皿d　exogenous

ethylene．

　　　　　　Although　it　has　bee皿reponed也a品e　resp蝋o岨e　of㎞a砧e舳

decreases　after　harvest（McGlasson　and　Pratち　1964；Zauberman　and

Schifiina皿一Nadel；1972）；there　is　no　clear　explanation　for也is　cha皿ge、　As丘Uits

treated　with　ethyle皿e　had　a　higher　respiration　rate　and　lower　starch　conteng　it

seems　that　starch　degradation　is　partially　related　with　resplratlon．
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　　　　　　For　mature丘ui輪the　relation　between　starch　degradation　and　the

climacteric　was　different　between‘Tsuganゴand‘F嘩i’．　In　mature‘Tsuganゴ，

ethylene　treatment　promoted　the　respiration　rate　and　ethylene　production，　and

1－MCP　treatment　retarded　both　changes．1パ珂i’，　although　the　resphation　rate

was　inhibited　by　1－MCP　treatmeng　ethylene　treatment　had　no　effect　on　the

production　of　ethylene　and　respiration．　Moreover，疽though　l－MCP　treatment

clearly　ret肛ded　starch　degradation　in‘Tsugaru’，　the　effξct　was　ve】ry　low　in‘Fuj　i’．

It　was　suggested　that　starch　degradation　i皿‘Tsugaru言was　related　to　the　fhit

climacteric，　and　ethylene　has　an　important　role　in　this　metabolism．　It　seems　that

ethylene　is　not　mvolved血the　starch　degradation　of‘Fuji’．　The　starch　content　of

‘TSugaru’血creased　with血e　groWth　of丘uiちand　the　level　of　starch㎞‘Tsugam予

was　much　higher　than　that　of‘F可i’．　The　different　efficacy　of　1－MCP　on　starch

degradation　between　mature‘Tsugam’and‘Fuji’might　be　due　to血is　different

starch　level，　but丘耐her　research　is　needed．

　　　　　　Blankenship　and　Unrath（1988）found　that　starch　degradation　started

befbre　the　increase　in　the　intemal　ethylene　co皿centration　and　suggested　that

ethylene　is　not　the　only　factor　induci皿g　fhlit　ripe血1g．　Autio　and　Bramlage（1982）

reported　that　pre－harvest　treatment　of　the　inhibitor　of　ethylene　synthesis（AVG）

in‘Early　Mci　ltosh’，‘Mci　ltosh’，℃onland’，　and‘Royal　Red　Delicious’fhuits

retarded　ethylene　production，　but　there　was　no　difilerence　in　the　ripening　aspectS，

血cluding　the　starch　content．　Although　1－MCP　stro皿gly　h血ibits　ethylene　action，　it

has　n．o　effect　o皿starch　degradation　during　storage（Pre・Aymard　et　al．，2003；

Rupasinghe　et　al．，2000；「Watkj皿s，2006）．　Although　these　resu1ts　suggested　that

ethylene　plays　a　small　role　i　l　starch　degradatioZa　resUlts　of　this　stUdy　showed　that

ethylene　is　pania皿y　involved　i血starch　degradation　in　mat　re　‘Tsugaru’．

29



　　　　　　It　is　well㎞own　that　changes　hl　the　respiration　rate　and　ethylene

P・・du・目・n訂・diffe・ent㎜・ng・ultivar・・晒1・‘T・ugaru’　P・・duce・a　high

amount　of　ethylene　du血g　ripening，‘Fuji’is　known　as　a　oUltivar　which　produces

asmall　amo㎜t　of　e也ylene　during即en血g　on　the　tree．　It　can　be　presumed　that

the　role　of　ethylene　hl　fhlit　ripeni皿9　physiology，　such　as　starch　degradation，

might　differ　between‘Tsugarゴand‘Fuji’，　beca皿se　the　starch　content　decreases

duri皿g　ripening　befbre　harvest血both　cultivars．

　　　　　　It　has　been　suggested　that　the　loss　of　starch　ilthe　apPle　fhuits　is　based　on

the　action　of　enzymes，　such　as　amylase（Beck　and　Ziegler，1989；Frenkel　et　al．，

1968；Garcia　and　Laj　olo，1988；Jackson，2003；Zhang　and　Wa皿g，2002）；however，

the　factors　induci血g　the　gene　expression　of　the　enzymes　and　en卿e　actiVities

are　stil1血㎞o㎜・From血s　stUdy，　it　is　particUlarly　interes血9血at血e

degradatio血of　starch　duri皿g　the　imlnat皿e　stage　occ田Ted　Without　i皿creases　i皿the

respiration　rate　a血d　ethyle皿e　production．　It　seems　that　the　detachment　of　fi7Uit

丘om　the　tree　and　cessation　of　carb　ohydrate　tra血slocatio皿mto　the丘uit　illduced

the　physiological　change　a皿d　starch　degradation（lrving　et　al．，1999）．　While　the

mecha【Usm　is　not　known，　it　has　long　been　recognized　that　the　tree　factor

includ　ng　ge血etic　co皿trol　and　enzyme　action　influences　mit　ripe血g　and　may

also　trigger　t血e　onset　of　starch　degradation．
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2．5Summary

　　　　　　The　physiology　of　starch　degradation　in　relation　to　ripe］㎡皿g　and　etllylene

was　investigated　using‘　Tsugartゴ（early－matu血g）and‘Fuji’（late－matu血g）

apples（［Malus∂domestica　B　orkh．）．　Fnlits　were　harvested　at　immature　and　mature

stages，　and　treated　with　ethylene　and　1－methylcyclopropene（1・MCP）．㎞

immatUre　f㎞it　of　both　culUvals，　starch　content　rapidly　decreased　duri皿g　storage

at　25℃，　a血d　1－MCP　had　liUle　effect　o皿this　change．　Ethylene　treatment　slightly

stimulated　the　degradation　of　starch，　but　differences　i皿starch　among　treatments

were　small．　The　respiratio皿rate　gradually　decreased　a皿d　ethylene　production

remahled　low　during　storage　i皿espective　of　the　treatments　and　cultivars．　These

results　showed　that　ftUit　at　this　stage　could　not　respond　to　endogenous　and

exogenous　ethylene　fbr　induci血g　the　cl血皿acteric，　and　starch　degradation　did　not

relate　to　the　climacteric　or　ethylene．　hl　mature‘Tsugaru’，1－MCP　treatment

significantly　h血ibited　ethyle皿e　production　and　reduced　the　respiration　rate　and

starch　degradation．’lhe　effects　of　1－MCP　a皿d　ethylene　on　starch　degradation　in

mature‘Fuji’were　small，　and　starch　conte皿t　decreased　drastically　in　all

treatments，　although　l－MCP　significantly　inhibited　ethylene　productio血and　the

respiratio皿　rate．　It　is　suggested　that　e出ylene　is　pardally　i皿volved　i皿　starch

degradatio皿in　matUre‘Tsugam’，　but　not　in‘Fuji’．　These　resU　lts　showed　that　the

role　of　ethylene　血　starch　degradation　dif£ers　between　cUltivars　and　the吐

harvested　stages，　relat血g　to　ripel血lg　alld　physiological　characteristics　of　the

丘Uit，
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Table　2・lCorrelatio皿coef丘cients　of　starch　contenL　resp□ia註o皿rate　a血d　e廿1ylene

produc丘on血‘Tsugaru’and‘Fuji’．

Stage Cultivar Respiration　rate Ethylene　production

ImmatUre ‘Tsugaru，

‘Fuj　i’

0．798＊＊

O．912＊＊

O．237

Mature ‘Tsugaru，

‘Fuji’

一〇．783＊＊

一〇．376

一〇．698＊＊

一〇．371

＊＊indicates　the　significant　difference　at　jP≦0．Ol．
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　　　　　　　　　　　　　　　　　　　　　CHAPTER　3

STARCH　・TO　SUGAR　CONVERSION　OF　TWO　I）IFFEREN’1’

MATURATION　STAGES　OF‘TSUGARU，　APPLE　FRUIT　IN　RELATION

TO　ETHYLENE　ANI）1・・METHYLCYCLOPROPENE

3．11ntroduction

　　　　　Fruit　sweetness　is　one　of　the　maj　or　detem血ants　of丘Uit　quality　and　alse

hl　the　assessment　of　its　market　value．　It　reflects　the　concentration　of　sucrose
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

glucose，　fhlctose，　and　sorbitol　in　the　fhuit　flesh．　In　the　early　stages　of　matUration，

acc㎜ulated　starch　is　progressively　degraded　to　increase　swee血ess，血us

affecting　fruit　taste　du血g　ripening（Brook丘eld　et　aL，1997；Lau，1988；Magein

a皿dLeurqユ2000；Wとnington，　et　al．，1999）．　Until　now，　ripening　a皿d　starch　to

sugar　conversion　process　has　not　been　clearly　reported．　As　the　apple　is　generally

harvested　at　the　matUre　stage　and　it　ripens　up　unti1　the　i㎞e　of　consumptiong　the

changes　in　starch　and　sugar　compositions　duri皿g　the　ripening　Process　after

harvest　may　greatly　affect也e　sweetness　of　the丘uit，　hl　addition．　when　sugar

translocatio皿has　ceased　after　harvesちsweetness　qUality　of　the　detached　fhlit

seems　to　be　influenced　mainly　by　accumUlated　starch　in　ftuit　cells　and

accumuユated　ce皿ulaエsugar　at血e　th皿e　of　harvest．

　　　　　Ethyle皿e　has　bee皿suggested　to　stimUlate血e　conversion　of　starch　to

sugar（Kader，1985；Watkins，2003）．　Additionally，1－MCP　has　been

recomnlended　as　a　valuable　tool　for　post－harvest　handling（Fan　et　al．，1999；

Pre－Aymard　et　a1．，2003）．　Ethyle皿e　a皿d　1－MCP　have　been　shown　to　a丘ξct　starch

degradation　and　physiological　propenies　during　storage　according　to　cUltivars

and　their　harvesting　dates，　as　deseribed　in　Chapter　2．
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　　　　　　However，　tle　effects　of　ethylene　and　l－MCP　on　fruit　sweetness　and

ildiVidual　sugar　content　of　the　detached　frUit　fiesh　during　ripening　has　not　been

well－stUdied．　ln　addition，　a　stUdy　on　the　changes　i皿sugar　content　of　the　detached

apple丘uit　may　provide　more　u皿derstanding　on　starch　degradation　and　also

increase　knowledge　helpfUl　for　fUnher　ftuit　quality　improvement　and　commercial

use・Theref（）re，　in血is　stUdy，　the　cha皿ges　of　sugar　conce血tration　i皿different　flesh

zones　of　the　fruit　treated　with　ethylene　or　1－MCP　were　investigated，‘Tsugam’

tiuits　harvested　at　two　different　developmental　stages　were　used，　as　they　were

shown　to　respond　well　to　ethylene　and　1－MCP　a皿d　had　the　most　the　predomina皿t

simultaneous　increase　of　sugars　with　starch　degradation　as　obse正ved　in　a　previous

stUdy（Chapter　2）．

3．2　Materials　and　Methods

4Pρ1e垣加

　　　　　　‘Tsugarピftuits　were　obtamed丘om　tbe　expe血lental　orchard　of　the

Faculty　of　AgricUl“皿e　and．　Life　Science，　Hirosaki　University．　Fruits　were

harvested　at　two　matu血lg　stages　hl　the　year　20060n　August　8（80　days　after　fUll

bloom（DAFB）），　and　September　7（110　DAFB）．　The麺ts　of　each　harvest　crop

were　separated　into丑rree　groups　for　treatment　With　ethyl諏e　or　1－MCP，　and　the

control．

Treat〃昭nts

　　　　　　For　the　ethylene　trea廿nenちpure　ethylene　gas（4．O　mL，　GL　Sciences　Inc．，

Japan）was　inj　ected　into　a　closed　container（40　L）to　produce　a丘nal

concentration　of　l　OOμL・L’1．　The　contai皿er　was　then　kept　at　25°C　fbr　24　h．　For

the　1．MCP　treatmenち0．13　g　of　SmartFreshTM（0．14％A．1．，　Rohm　and　Haas　Co・，

J・p・n）P・wd・・w・・placed　m・fl・・k・Withi・・a・c・nt血蜘d　25　mL醐1・d　w・t・・

38



was血・n・dd・d　wi血・卿9・血・u仙血e　ca声d　mbb・・h・・e　mt・出，　fl。、1、，

which　produced　2μL・L’10f　1－MCP．　The　fhUit　vvas　treated　With　1－MCP　at　25℃

f・・24h蛆・抽・廿ea㎞・nt・，趾血it・w・・e　k・pt・at　25℃m・・t・・age　r・。m・fo，

npe㎜9・

Measurements

1．Respiratio皿rate，　ethylene　production，　a皿d　starch　rati皿g

　　　　　　The　dete皿血lation　of　CO2　production　and　ethyle皿e　content　was　done

With　the　methods　described　in　Chapter　2．

　　　　　　Starch　distributio皿was　measured　by　dipping　an　apple　slice　taken丘om

the　equat・「ial・egi・n・in・12－kl・s・lu且皿（10　W259祖1・L・distili・d　wat・・），紐d血e

starch－iodhle　rating　was　done　usi皿g也e　generic　starch－iod□ie　i皿dex　chart　for

compari　son（Watkins，2003）．　This　method　uses　a　l　to　8　scale，　w面1＝aU　starch

and　8＝皿o　starch．
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2，Sugar　content

　　　　　　For　sugar　determination，100　mg　of　dried　sample　was　ex位acted血ee

times・each　20皿吐with　2　niL　of　80％（v／v）ethanol　at　80℃．　The　homogenates

were　centrifUged　at　15，000xg　fbr　10　min　to　give　ethano1－soluble　and

etha皿01－insoluble丘actions．　The　ethanol　soluble丘actions　were　pooled　a皿d

evaporated　to　dlyness　with　a　concentrator　and　resolublized　in　2　mL　of　de－ionized

water　The　s　oluble丘action　was　then　filtered．　Glucose，　f『uctose，　sucrose，　and

sorbitol　were　separated　with　a　high－perfbrmance　liquid　chromatograph（HPLC）

（shhnadzu，　Tokyo，　Japan）．　De－gassed，　distille4　de－ionized　water　at　l　mL・min’1

at　80℃was　used　as　the　mobile　phase．　A　refractive　index　detector（R　ll）－10A；

Shimadzu）was　used　to　quantify　sugar　content　fbllowing　the　separation．

Recovery　rate　was　deterrnined　by　comparison　with　standard　samples　of　known

concentration　of　glucose，　ftUctose，　sucrose，　and　sorbitol．

Data　analysis

　　　　　　Data　analysis　vvas　done　as　described　in　Chapter　2．
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3．3Results

・∫tai　αらrat加9　and　iodine　sta泡ing

　　　　　　The　determma且on　of　starch　content　by　starch　rat㎞g　values　and　iodme

・t・ining・in・th・且・・h・f㎞舳・‘T・ugaru’i・・h・wn・in・Fig．3」．　F，。m也，、t訂、h

rathlg　values，　starch　degradation　was　observed　in　a皿f抽ts．　Starch　loss　of　the

e酎lene一仕eated輪was　significantly　great・・也an也e　c。n絃。1皿d血e

1・MCP－treated　fhit　on　day　7－10　after舵atme皿t．　Starch　loss　of　the

1－MCP一仕eat・d舳血d　n・t唖・・丘・m血e　c・n仕・1（Fig．3．1A）．1・血・・輌9

al…h・w・d・apid　l・ss・f・皿・h　m血・輪仕・at・d　wi血輌1・血・（Fig．3．1D）．

　　　　　　For　the　matUre‘Tsugaru’，　the　loss　of　starch　in、　the麺t　treated　with

ethylene　was　greater　tha皿the　other　treatment，　However，　it　did　not　differ　from　the

co皿trol　at　day　l　O（Fig．3．2A）．　Although　there　was　no　difference　i皿the　starch

rati血g　of　l・MCP　treatment　and　colltrol　on　day　4　a皿d　10　statistically，　iodine

staining　showed　a　greater　amount　of　remaining　starch　in　the　ftlit　treated　With

1－MCP　col叩ared　to　the　other　tWo　treatments（Fig．3．2C）．

Physiological　aspects

　　　　　Respiration　rate　of　a皿口nmat皿e‘Tsugaru’丘uits　decreased　durj皿g　sterage，

irrespective　of　treatments，　a皿d　the　dit］6ere皿ce　among　treatments　was皿ot　clear（Fig．

3．3）．Ethylene　production　of　immature　firUits　was　too　low　to　be　detem血ed

accurately　widl　o皿r　measu血g　system　in　this　investigation　for　all丘uits．

　　　　　　III　the　mat皿re　ftuits，　respiration　rate　of　l・MCP－treated　firuit　decreased

slightiy　and　was　the　lowest　in　this　investigation．　The　respiration　rate　of　the

ethyle皿e－treated　ftUit　a皿d　control　i皿creased　betwee皿days　4－7　and廿le皿droPPed　at

day　10．　There　was皿o　difference　i　1　respiration　rates　b　etWee皿control　and　ethylene

treatme】匪t　groups　（Fig．　3．4A）．　Although　ethylene　production　of　the
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e也ylene一仕eat・d加it血crea・ed　b・㌔een　d・y・4－10，　it　w・・n・t・ignifi・antly

different　f「・m也e　c・皿廿・1・t　d・y　4　・・d　lαP・・du・目・n・f・也yl・n，　in　th，

1－MCP－t「eat・d血it　w…b・erv・d　t・b・at・1・w　l・v・1　・nd　w・・　・ignifT・cantly

lower　than　ethylene　treatment　and　control（Fig．3．4B）．

Sugar　contents

　　　　　　In　the　immatUre　‘Tsugam’fUit，　total　sugar　content　l皿　fhUts　of　alI

treatments　increased　slightly　during　storage．　However，　differences　amollg　flesh

zones　were　small．　The　amount　of　total　sugar　in　a11　zones　of　the　ethyle皿e・treated

thiit　hlcreased　significa皿tly　at　day　4　while　there　was　no　observable　difference

丘om　day　O　in　both　control　and　l－MCP（Fig．35）．　For　indiVidual　sugar　contents，

sucrose　content　of　the　control　decreased　slightly　at　day　4，　and　then　increased

greatiy　at　day　7　and　IO（Fig．3．6）．　Sucrose　co皿tent　of　the　ethylene－treated　and

1－MCP－treated丘uits　at　day　7－10　seemed　not　different丘om　day　O；however

sucrose　content　was　lower　than　in　control．　The　glucose　content　of　all　fruits

obViously　increased　du血g　storage　from　day　O－10，　With　the　highest　amount　in　the

illller　cortex（Fig．3．7）．　There　was　no　observable　difirerence　in　the丘uctose

content　among　treatments　a皿d　f已ctose　content　was　stable血roughout血e

investigation　period（Fig．3．8）．　Sorbitol　content　was　observed　to　be　at　a　low　level

i皿the　tissues　of　all　ftUits．　However，　a　distinct　increase　i皿sorbitol　content　was

found　in血e　fhUit　treated　With　ethyle皿e　at　day　10　after　treatment（Fig．3．9）．

　　　　　　Sugar　contellts　of廿le　mature‘Tsugaru’are　shown　in　Fig．3．10　to　Fig．

3．14．The　total　suga］r　content　of　the　co皿trol　increased　between　days　4－7，　but

decreased　at　day　10　back　to　a　level　similar　to　day　O（Fig．3．五〇）、　Total　sugar

content　in舳ts　treated　with　l・MCP　or　ethylene　increased　slightly　at　day　4，　but

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロ　　　　　　　　　　　　　　　　　　　　　のdropped　sharply　between　days　7－10．　For　the　indiVidual　sugars，組mcrease　m

sucrose　content　was　observed　betWeen　days　4－7．　However，血e血crease　of

sucrose　content　in　the　1－MCP　treated　fhUit　was　signi五ca岨y　m垣bited　between
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days　7－10（Fig・3・11）・The　glucose　content　of　all　treaロnents　i直creased　between

d・y・4－10a・d　w・・high・・t　m血・㎞・・tissu・　z・n・（Fig．3，12）．　Th，，e　w。、紐

血㎞bit・ry・ffe・t・f・血yl・n・and　1－MCP・n　glu…eacc㎜垣・廿・n・皿d・y、7．and

10・re・pec且v・ly・・H・w・v・r・・th・glu…ec・nt・nt　w・・g・n・・ally・high・・也an・d・y　O．

Th・in・・ea・e血血・t・・e　c・nt・nt　w・・f・und・b・伽・e曲y・4－7，　f・ll・w・d　by、

decrease　at　d・y・10・in・al1・ti・・ue　z・ne団血e　c・n加1．　On也・・th・・h鴫血、t。、e

content　of　l－MCP　and　ethylene　treatment　changed　sU帥tly　d皿dng　storage　and

ethyle皿e　seemed　to　decrease　the　fructose　content　of　all　tissues　betWeen　days　7・10

（Fig．3．13）．　The　sorbitol　content　of　all　tissues　was　very　low　during　investigation

period　and　differences　among　treatments　were　sma　I1（Fig．3．14）．

3．4】Discussion　and　conclusion

　　　　　　As　starch　degradatio皿occurs　when　the　fhuit　ripens，　the　level　of　sugar

accumulation　in　the　mature丘uit　was　obse丹ed　to　be　higher　than㎞也e　immature

o皿e・Ethylene　has　been　suggested　to　be　i皿volved速由e　starch　to　sugar　conversion

（Kader，1985；Watkins，2003）a皿d　it　has　bee皿demonstrated　that　ethylene　induced

starch　degradation　of血e　apPle　f㎞it〔lifferently　accordi血g　to　cultivars　a皿d　their

harvested　stages（Thammawong　a皿d　Arakawa，2007）．　However，　there　are　few

reports　that　examined　血e　relationship　betWeen　sugar　accumUlations　血　each

particUlar　firuit　flesh　zone　and　曲e　occurrence　of　starch　degradation　i皿　the

detached　fruit．　Moreover，　the　effects　of　1・MCP　and　ethyle皿e　on　the　starch　to

sugar　conversion　in　fhlit　cells　st皿need　to　be　clarified・

　　　　　　in　immatUre‘Tsug狐’，　changes　of　physiological　aspectS血clu血9

respiration　rate　and　elhyle皿e　production　we〔e　not　induced　by　ethylene．1－MCP

treatment　also　did　not血hibit　starch　degradation　nor　respiration　rate（Fig・3・1，

3．3／Th・t・tal・ug紅・・血・血・h砲9・d・lightly・du・ing・d・9r・d・宜・皿・f　s伽ch皿d
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there　was　litle　difference　among　treatments．　Although　the　results　show　that

glucose　content　of　the　ethylene－treated　fhUt　was　higher　than　other　treatments

・且・・harv・・tmg・th・・e　w・・n・in・・ease　in・e・p壮a廿・n・nd・thylen・p・・du・d。n

observed．　These　results　supported　earlier　conclusion　that　immature輪s　do　not

respond　to　exogenous　ethylene　used　fbr　induci皿g　fhlit　climacteric，　and　that　starch

degradation　i皿clud註1g　sugar　accumulation　do　not　relate　to　the　clhnacteric　or

e血ylene（Chapter　2）．舳ou幽也e　starch　degradation　metabolism　of　immature

‘Tsuganゴdoes　not　seem　to　be　induced　by　ethylene，　the　results　of　this　study

suggest血at血e　degradation　of　accumulated　starch　in　the　imrna賦ftUit　proVides

glucose　as　a　main　product　du血g　storage．

　　　　　　For　matUre‘Tsugam’，　a　significant　inhibitory　effect　of　1－MCP　on　starch

degradation　a皿d　physiological　aspects　of　the　apple　was　observed　i皿this　study．　As

l－MCP　has　bee皿shown　to　increase　post－harvest　life　and　maintaii1　fruit　quality

（Fa皿et　al．，1999；Pre－Aymard　et　aL，2003），　preVious　stUdies　had　suggested　that

treatment　of　1・MCP　inhibits　ripening　of　the　apple　fuit　by　preventing　or　delaying

the　increase　in　ethylene　production　associated　with　the　clmacteric　ripening　stage

（Dauny　and　Joyce，2002；Deflippi　et　al．，2004；Fan　et　al．，1999；Moran　and

McManus，2005；R皿pasi皿ghe　et　al．，2000）．　h血ibitoly　e丘fects　of　ethylene　amd

1－MCP　were　also　found　in　the　accumUlation　of　sucrose　and　fructose．　Although　it

has　been　reported　that　1－MCP　has　an　effect　on　soluble　solid　concentrations（SSC）

in　apple　fruits，　S　SC　in　firuits　treated　With　1－MCP　can　be　lower，　higher　or　equal　to

those　in　untreated　fmits（Bai　et　al．，2002；Dauny　and　Joyce，2002；DeE皿et　a1．，

2002；Fan　et　a1．，1999；Moran　and　McManus，2005；Sa加er　et　a1．，2003；Wa曲ls

et　a1．，2000），　Additionally，　it　is　pa㎡cularly　interesdng　to　note也at　although　there

was　an　increase　i皿physiological　aspects　such　as　respiratio皿rate　and　ethyle血e

production　simUlta血eously　wi血starch　loss　in　ftUits　treated　Wi血ethylene；this　did

not　induce　accumUlation　of　sugar　components・
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　　　　　　F・・m也・・e・e・・lt・・血・・e　w・・n・in・・ea・e　in・t・t・1・ugar・・nt，nt・in・th，

i㎜・疏麺・1血・ugh・d・9r・d・ti・n・f・t訂・h　w…b・erv・d・du・ing・t・・ag，．㎞

・ddi甘・n・・lth・ugh・there　w・・an・in・・ea・e　in　t・t・1・ugar・b・tWeen・d・y，4．7血也，

m・加・血it・it血・PP・d・t輌10・Since　liVing・・ll・・f・harv・・t・d麺t・・e・pi，e

conti皿ously，　the　ability　to　respire　is　an　essential　compo血ent　of　metabolic

P・・ce・se・血・t・ccu・mliv・p・・du・t・（K・y・，1991）．　F・・m　a　p・・th・rv・・t　p・int・f

vlew，　resplratlon　ls　a　central　process　that　mediates　the　release　of　energy　through

the　breakdown　of　carbo皿compounds　and　the　formation　of　c肛bon　skeletons　is

necessary　for　maintenance　and　synthetic　reaction　after　harvest．　in　the　rnature丘uit
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

9rowth　is　decreased　aIld　it　proceeds　to　ripell血g　and　senescence　stages　after

harvest．　Therefore，　sugars丘om　starch　degradatio皿are　importa　lt　for　determining

丘uit　flavor　a皿d　might　be　greatly　utilized　in　respiration　and　cell　maintenance．

However，　a　high　rate　of　cell　elongation　and　expansion　is　observed　in　in皿ature

丘uits（Ryugo，1988）．　Kays（1991）also　suggested　that　d皿血1g　rapid　growth　of

plant　products，　hexose　sugars　are　often　not　completely　oxidized　to　carbo皿

dioxide　but　only　proceed　partway　through　the　req，　pira．toly　system　pathway」

yieldi皿g　carbon　skeletons．　A皿these　suggest　that　sugar　products丘om　the

degradation　of　accumulated　starch　in　inmlatUre丘Uits　might　be　used　mainly　as

respiratory　substrates　to　produce　e皿ergy　and　c訂bon　skeletons　that　can　be　used　in

other　synthetic　reactions　nl　the　continuation　of　ceU　growth　a丘er　harvest．

　　　　　　On　the　overan，　physiological　aspects　of　the　ripening　Process　i皿detached

apple　f抽ts　responded　to　treatment　of　ethylene　and　1－MCP　differentl｝㌧血

accordance　to　the　maturation　stage　at　harvest．　Moreover，　du血g　degradation　of

st訂ch，　accumUlation　of　sugars　in　the　fruit　during　storage　was皿ot血duced　by也e

actions　of　ethylene　or　1－MCP，
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3・5Summary

　　　　　　A・加dy　w・・d・n・t・evalu・t・也・effe・t・・f・thyl・n鋼d　l－MCP・n、ugar

acc㎜u1・ti・n・du「ing・t・・ag・・f‘T・ug鋼’・pPl・・m也・rip・血9　P・・ce、s．　F皿t，

w・・e　harv・・t・d・t㎞・血・紐d　m・㎞・・t・g・・，皿d酷at・d　wi甑・thyl・n，紐d

仁methylcyclopropene（1－MCP）．　Sucrose，　glucose，　fhlctose，　and　sorbitol　contents

i画艶・ent且esk・・皿es　mdicated　as㎞eち㎡d曲，　and。uter仕ssue　z。nes　were

d・t・㎜・d・㎞㎞・血・‘T・ug・m’，　d・蜘・亘・n・f・撤・h・eem・d　t・m却y

produce　glucose．　However，　any　difference　in　the　sugar　contents　between

ethylene－treated　and　u皿treated　fhtiit　was　observed　only　at　day　4　after仕eatment

alld　total　sugar　content　（sucrose，　gl皿cose，　and　fhlctose）　of　a皿　tissue　zones

changed　only　slightly　dul七1g　storage．　In　additioq　physiological　aspects　of　the

坤e血gprocess血血e㎞a賦舳t　were　not姫ected　by軸ne紐d　l－MCP

This　s叩ports　previous　suggestions　that　1血e　physiological　aspects　a皿d

accumulatioll　of　sugar　in　the　i皿皿ature　fruit　were　not　affected　by　ethylene　and

1－MCP．　in　the　mature　firUiち　ripening　aspects　were血血bited　by　1・MCP；however

it　seemed　to　reduce　the　accumUlation　of　sugar　only　at　day　7　after　trea血ent．

　　　　　　　　　　　　　　　ロ
Additional1》r7　although　there　was　a血mcrease　in　changes　of　starch　loss　a皿d

Physiological　aspects　of　firUits　treated　with　ethylene，　the　sugar　content　changed

slightly　between　day　4・7　and　then　dropped　at　day　10，　Moreover，　exogenous

e也yle血e　did　not正〔luce　sugar　accumUlation　of　mature‘Tsug㎜’麺t　d曲g

storage．
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Fig．3．12　Ghlcose　colltent　of　inner（A），　middle（B），　and　outer（C）tiss皿es　of

eontrol，　and　fhUits　treated　With　l－MCP　and　ethylene　of　mature‘TSugam’apples

d雌9・t・・age．　Each曲・i・也・m剛・f・f・ur・eph・劔…M・an　values　With血・

same　letter　are　not　signi丘ca皿tly　（lifferent　at　血e　5％　level　by　TUkey’s

multiple－range　test・
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Fig．3．13　Fr皿ctose　content　of㎞er（A），皿ddle（B），　and　outer（C）tissues　of

control，　and　f血ts　treated　with　1－MCP　and　ethylene　of　mature‘Tsugaru’　apples

during　storage．　Each　value　is　the　mean　of　four　replicates．　Mean　values　with　the

same　letter　are　皿ot　significa皿tly　differe皿t　at　血e　5％　level　by　TUkey’s

mUltiple－range　test．
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Fig．3．14　S・・bit・1・凹t・nt・f㎞・・（A），　middl・（B），紐d・ut・・（C）tissu…f

、。n鳳紐d価t・仕・就・d　wi也1－MCP皿d輌1・n・・f　m・加e‘T・ug細’apPl・・

du血9・t・・ag・．　Each曲・i・也・m・紐・f・f・ur・rep血・at…M剛輌・・wi晒・

same　le仕er　are　not　significantly　d遜erent　at　the　5％　1evel　by　TUkey’s

multiple－range　test
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　　　　　　　　　　　　　　　　　　　　CHAPTER　4

CULTIVAR　VARIATIONS　AND　STARCH　DEGRADING　PATTERN　IN

RELATION　TO　PHYSIOLOGICAL　AND　BIOCHEMICAL　PROPERTIES

I）URING　GRO’WTH　AND　MATURALTION　OF　APPLE　FRUIT

4．11ntroduction

　　　　　As　starch　is　degraded　when　the　f血it　ripens（Blankenship　and　Unra阜

1988；D血ar　and　Stevens，1981；Prabha　and　Bhagyalakshmi，1998），　detemUnation

of　st肛ch　hydrolysis　by　iod血e　staining（SI）is岨dely　used，　and　cemmonly

reported　as　a　maturity　index　of　an　apple　to　provide　an　estima柱on　of　the　starch

content（lngle　and　D’Souz隅1989；Fan　et　al．，1995；Lau，1988）．　The　starch　index

value　provides　valuable　guidance　to　｛he　level　of　fhUt　maturity　and　to　也e

appropriate　i㎞e　of　harvesting　for　imnmediate　consumption　or　for　long－te皿

storage．　Despite血e　conrmon　use　of　SI　to　monitor　starch　loss　d曲9舳t

matUration，　SI　results　varied　widely　between　cUltivars　and　it　has　1）een　reported

that　it　does　not　relate　well　to　starch　concentrati　on（Fan　et　aL，1995；Wa曲ls　et　al．，

1993）．

　　　　　Starch　concentratio皿of　fhit　flesh　differed　between　tissue　zones，　with　the

垣酔est　s斑ch　c・血tent血the・uter　c・rtex　and　the　1・west　c・皿tent　in　the　c・re

（Brook丘eld　et　aL，1997；Ohmiya　and　Kakiuchi，1990）．　Apple　starch　consists　of

amylose（AM）and　amylopect血（AP）which　react　differently　With　12－KI　solution．

AM　is　reacted　most　edicie皿tly　With　I2－KI　to　produce　blue－black　pigment

（McCready　and　Hassi也1943；Fan　et　aL，1995）．　The　different　degradation

pattems　of　starch　in　the　frUit　cortex　may　be　due　to　the　difi）e爬皿t　ratio　of　AM　and

AP．　However，血e　relationship　of　starch　degradation　pattem　and　AM　or　AP

content　ill　the　fhuit　flesh　has　not　been　cleady　explained．
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　　　　　　Aithough　matUrity　indices　of　the　apple　such　as　respiration　rate，　ethylene

production　and　starch　ra血g　had　been　extensively　studied（D血ar　and　Stevens，

1981；Kader，1985；Prabha　and　Bhagyalaks】㎞ni，1998；Watkins，2003），　other

aspects　including　AIM　and　AP　composition，　sugar　content　and　the　enzyme　actions

necessary　to　understand　starch　degradation　mechanisms｛and　quality　development

of丘Uit　flesh　are　s柱ll　poorly㎜derstood．　To　know　the　relationship　betWeen　these

properties　could　be　very　valuable　to　the　improvement　of　fruit　quality，　not　only　for

plant　physiologists　but　also　fbr　pomologists　and　fuit　growers．　Therefbre，　the

obj　ective　of　this　study　was　to　investigate　the　degradation　mechanism　of　starch

a皿long　different　tissue　zones　of　the　apPle　fritit　flesh　during　growth　and

matnratio皿in　relation　to　the　physiological　and　biochemical　properties　using

‘Tsugam’，　which　produces　1arge　amounts　of　ethylene，｛md‘Golden　Delicious’，

‘Fuji’，　and‘Orin’　which　produces　very　low　amounts　of　ethylene．

4．2Materials　and　Methods

Apple　fruits

　　　　　　Four　cultivars　of　apples，‘Tsugaru’，‘Golde皿Delicious’，‘Fuji’，　and℃血’

ftUits　were　obtained　from　the　expe血ne皿tal　orchard　of　the　FacUlty　of　AghcUlture

and　Life　Science，　Hirosaki　University，　Japan．　Fruits　were　picked　on丘ve　to　six

different　days丘om　July　to　November　2005，　at　10－15　days　i皿tervals．　The

‘Tsugaru’丘Uits　were　harvested　o皿70，80，95，110，125　days　a丑er　fU皿bloom

（DAFB）；也・‘G・ld・n　D・1i・i・u・’麺ts・皿80，95，110，125，140，・155・DAFB・・and

血e‘Fuji’　and℃血’ftUits　on　95，110，125，140，155　DAFB．　Fi丘een舳ts　of　each

cultivar　per　harvest口1g　crop　were　used．　The　last　llarvest　of　each　cultivar　was　a

week　before　commercial　harvest．
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Measurements

l．Respiration　rate，　Ethylene　production，　and　Starch　rad㎞g

　　　　　　To　detem亘ne　CO2　production，　each丘uit　was　weighed　and　sealed祖1．4　L

plastic　boxes　fbr　2　h，　and　l　mL　of　headspace　gas　was珂ected　into　a　gas

chromatograph（model　GC－18へShilnadzu　Co．，　Ltd．，　Jap　an）equipped　with　a

molecular　sieve　colu㎜（60／80　mesh，　GL　Sciences，1皿c．），皿d　a　thermal

conductiVity　detector．　Heli㎜was血e　carrier　gas．　The珂ector，　oven，組d

detector　temperatures　were　set　at　60℃．　To　determine　the　ethylene　centent，1mL

of　the　headspace　gas　was　removed　and時ected　hlto　a　gas　chromatograph（model

㏄一8A，　Shimadzu　Co．，　Ltd．）eq岬ped舳輌ctivated　alumina　column（30／60

mesE　GL　Sciences，　Inc．）a皿d　a　flalne　ionization　detector．　Nitrogen　was　the

carrier　gas．　The　inj　ector，　oven．　and　detector　temperatures　were　set　at　120，100，

and　120℃，　respectively．

　　　　　　The　starch　distribution　was　measured　by　dipping　an　apple　slice　taken

from　the　equatorial　region　in　12－KI　solution（10　g／25　g　in　l　L　distilled　water），　and

the　starch－iodine　rating　was　done　using　the　generic　starch－iodille　index　chart　fer

comparison　（Watl［i皿s，2003）．　This　method　uses　a　l　to　8　scale，　with　1＝all　starch

and　8＝no　starch．

2．Starch，　AM，　and　AP　contents

　　　　　　Sa1丑ples　were　taken　by　a　cork　borer（1　cln　g），　and　were　peele↓core或

and　cut．凸e弛Hesh　be㈱en血e　core　and　the　outer　skm・were　separated血to

three　equal　ponions，　With　each　sample　conta血ing　3－5　g　of　fruit　flesh・The　tissues

were　fヒozen　in　liqUid　N　a血d　stored　at・80℃before　be血g丘eeze・dried．　Samples

were　reweighed　after丘eeze－drying，　and　then　ground　in　a　TI・100　Vibra血lg

sample　mi皿（Heiko　Sample　Mi皿，　Heiko　Seisakusho　Lt乱，　Japan）．
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　　　　　　Measurements　of　starch，　AM，　and　AP　were　obtained　through　methods

applied　in　Fa皿et　al．（1995）and　Magein　and　Leurguin（2000），　Briefly，　l　mL　of

18％HCI　was　added　to　each　tUbe　of　ground　sample（60　to　80　mg）．　The　ground

cortex　tissue　and　l　8％HCI　were　thoughly　mixed　and　then　incubated　at　20℃fbr

30min．10　mL　dis田led　H20　was　then　added　to　each　tube；the　supematant　was

mixed　and　centrifUged　at　3800　x　g　for　10　n血．　Sup　ematant　of　O．2　to　1．O　mL　was

used，　a皿d　5．O　mL　of　l．8％HCI　was　added　to　each　tube，　A丘er　mixing，200　pL　of

I2－KI（2　mg　I2　and　20　mg　KI　per　ml　H20）solution　was　added．　Each　sample　was

mixed，　and　10　mi皿lateら曲sorbance　was　measぱed　at　530㎜侮鯉）and　606

迦（for　AM）using血e　spec加photometer（U－2000　Spectronic，　Hitachi，　Japan）．

　　　　　　AM（Sigma　Chemica1，　St．　Louis，　USA）and　AP（MP　Biomedicals，　hic．，

011io）standards　were　dissolved　in　l　8％HCI　for　30　min　and　then　diluted　10・fold．

The　two　standards　were　mixed　in　various　ratios，　and　absorba皿ce　was　measured　at

530　and　606　nm　to　generate　a　standard　curve．　Absorbance　coefiicients（A），　for

AM　and　AP　sta皿dards，　were　AAM606＝6．88，　AAMs30＝　4．54，　AAp606＝5．00，　AAp530＝

6，99，a皿d　a　typical　standard　curve　with　a皿記value　of　O．92　was　obtained．　The

amount　of　AM｛amd　starch　concentration（SC）in　the　samples　were　calculated

using　equations　derived　by　Magel（1991）；AP　concentration　can　the皿be　obtained

by　subtracting　the　AM　concentratio皿丘om　the　SC．

3．Sugar　content

　　　　　　For　sugar　determinatioq　one　hundred　mi皿igrams　of　the　dried　sample　was

extracted　three　t㎞es，　each　over　a　duration　of　20叫with　2　mL　of　80％（v／v）

ethano正at　80℃．　The　homogenates　were　centr血ged　at　15，000×g　for　10　min　to

give　ethanol－soluble　and　ethanoL血soluble　丘actions・　The　etha皿ol　soluble

丘acti・ns　were　p・・led　and・v・p・rated　t・㊥ess　With　a　c・nce皿trat・r，紐d

resolublized　in　2　mL　of　de・ionized　water．　The　soluble丘action　was　the皿刷tered．

Glucose，　fructose，　sucrose，　and　sorbitol　were　separated　v舳ahigh・pe㎡bmance
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liquid　chrolnatograph（HPLC）（Shimadzu，　Kyoto，　Japan），　De－gassed，　distilled，

de－ionized　water　at　l　mL・min－l　and　80℃was　used　as　the　mobile　phase．　A

re丘・・tiv・i・d・x　d・tect・・（RID－10A；Shim・dzu）w・・u・ed　t・quantify・・gar

content　following　the　separation．　Recovely　rate　was　dete㎜ined　by　compariso血

with　standard　samples　of㎞own　concentration　of　glucose，丘uctose，　sucrose，　and

sor1〕itol，

4．ActiVity　of　total　hydrolytic　enzyme

　　　　　　The　total　hydrolytic　ac丘vides　of‘Tsugam’and‘F可i’（i皿ner，　middle，　and

outer　palts）were　hlvestigated　by　the　method　applied丘om　Steup（1990）．　Briefly，

apple　flesh（approXimately　5　g　fresh　weight）was　homogenized㎞30　mL　ice－cold

g血d㎞g　medium　which　consist　of　50　mM　2－（N－morholino）ethane－sUiphonic　acid

（Mes），　brought　to　pH　6．O　with　NaOH，5mM　CaCl2，　and　5％（v／v）glycerol．　The

homogenate　was　filtered血rough　several　layers　of　M廿acloth　and　the五ltrate　was

centri血ged　fbr　15　min　at　40000xg．　The　supematant　was　passed　through　a’

Sephadex　G－25　gel　wllich　has　been　previously　equilibrated　with　g血di皿g

medium．

　　　　　　The　i皿cubation　mixture　contamed　l　mL　2％（w／v）soluble　starc比0．9　mL

g血｛ling　medium，　and　O．1　mL　of　the　filtered　supernatant．　A　blank　was　prepared

by　mixing　2％（w！v）soluble　starch　with　an　equal　volume　of　grinding　medium．

Mixtures　were　incubated　at　30℃．　At　5血the　incubation　miXt　re　was　added　to

an　equal　volume　of　alkaline　color　reagenち　mixed　thoroughly，　and　heated　for　5

min　in　a　boiling　water　ba也．　Samples　were　tllen　cooled　to　room　temperat田e　and

stored　fbr　at　least　30　mh1．　Absorbance　at　546　nm　was　measured　aga祖st　a

refere皿ce（2　mL　bla血k　plus　2　mL　alkanne　color　reagenちtreated　as　above）．　The

alkaline　color　reagent　was　prepared　by　dissolVing　l　g　3，5－d血itrosalicylic　acid　in

am㎞e　of　40　mL　l　N　NaOH　and　approximately　30血L　H20　at　a皿elevated

temperature．　Solid　potassium　sodium　tartrate（3g）was　added　and　dissolved．　After
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cooling　to　room　tempera血re，血e　mixture　was　brou帥t　to　a鋼vol㎜e　of　lOO

mL．

　　　　　　For　ca虹bration　puエposes，　vary㎞g　amounts　of　maltose　were　reacted　with

the　alkaline　color　reagent　Salnples（2　mL　each）which　contained　O－2．O　mM

maltose，　O．2　mL　2％（w／v）soluble　starch　and　g血ding　medium　were　prep肛ed，

Each　sample　was　mixed　with　2血L　alkal血e　color　reagent　and　processed　as

described　above．　A　typical　standard　curve　of　maltose　has　an　fi　value　of　O．99（Fig．

4．10A）．

Data　anulysis

　　　　　　Analysis　of　Variance（ANOVA）with　Completely　Random屹ed　Design

（CRD）using　tissue　zo血es　as　a　factor　was　performed　usi皿g　SPSS（SPSS，　IL，　USA），

〔md　Ttlkey’s皿11tiple－range　test　was　used　to　test　significant　（lifference　at　the　95％

confide皿ce　level　of　each　variable．

4．3．Results

Fruit〃matu吻ノ

　　　　　　Starch　index　value，　re　spiration　rate，　and　ethylene　production　were

血vestigated　du血g　the　growth　a血d　maturatio皿processes　of　the　four　apple

cultivars．　The　starch　degradatio皿of　f㎞it　flesh　and　different　degradation　patterns

among　cultivars　were　observed　by　monito血g　the　starch　index　values．　Starch　in

‘Tsugaru’started　degrad血g　at　95　DAFB，　and　there　was　great　loss　at　l　lO　to　125

DAFB，　but　the　starch　level　of　other血ee　cultivars　degraded　graduaUy　throughout

the　growth　and　matUration　processes　and　obvious　loss　was　observed　at　155

DAFB　in‘Golden　Delicious’and　at　170　DAFB　i皿‘Fuji’and‘O㎡n’（Fig．4．　lA）．
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　　　　　　Starch　raing，　by　iod血e　sta血hlg，　of‘Tsugaru’was　quantified　at　five

stages　of　growth　a皿d　matUratien　and　that　of‘Golden　Delicious’，‘Fuji’，　and

‘Orin’were　done　at　six　stages（Fig．4」B，4．lC，4．　l　D，4．lE）．　The　starch・・staining

pattem　of　‘Tsugaru’　showed　slight　loss　of　starch　at　the　core　area　betWeen　80　and

95DAFB．　Starch　degradation　was　observed　all　over　the　fiuit　flesh，　with　starch

content　of　the　core　area　completely　lost　at　110　DAFB　and　almost　all　starch

completely　lost　at　125　DAFB（Fig．4．1B－125）．　Contraril｝～in‘Golden　DeUcious’，

starch　of　core　area　started　degra血g　at　110　DAFB　alld　completely　lost　at　125

DAFB　Starch　of　aH　regions　continuously　lost㎜tU　l55　DAFB．　However，　it

seemed　that　the　remailling　starch　in　f汕t　flesh　was　still　high　at　this　stage（Fig．

4．1C）」n‘F可i’and‘Oin’，　starch　of　the　core　area　was　completely　degraded　while

some　loss　of　starch　in　the　middle　cortex　was　observed　at　125　DAFB．　Almost　all

starch　i皿‘Fuji’was　degraded　at　l　70　DAFB，　but‘OtU’stiU　showed　higher

remai1血g　starch　in　the　outer　cortex　at　the　last　harvest（Fig．4．1D，4．1E）．

　　　　　　The　respiration　rate　of‘Tsugaru’decreased血itiaUy，　fbllowed　by　a　steep

血crease　between　110　and　125　DAFB．　E也ylelle　production　of‘Tsugam’also

increased　significantly　betWeen　110　to　l　25　DAFB，　demo皿stratmg　the　climacteric

rise　of　the　ftuit（Fig．4．2）．　However，血the　other　tree　cU　ltivars，　respiration　rate

decreased　grad皿aUy　and　low　level　of　ethylene　productions　was　observed　dui　ing

血estUdy　period（Fig．4．2）．
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AM　and　AP　content

　　　　　　AM　content　of　the　fbur　cultivars　was　highest　in　the　outer　cortex　and

lowest　in　the　inner　cortex（P≦0．05）．　The　changes　in　AM　content　were　observed

si皿lultaneously　i皿3　different　fhlit　tissues；㎞er，　middle，　and　outer　parts．　AM

content　of‘　Tsugaru’change　d　slightly　at　the　frrst　two　harvest　dates，　and　dropPed

significantly　between　95　to　l　10　DAFB．　Almost　all　starch　was　degraded　at　l25

DAFB（Fig．4．3A）．　However，　AM　content　of‘Golden　Delicious’，‘Fuji’，　and

‘O血1’was　highest　at　the丘rst　harvest　and　then　decreased　gradually　during　the

i皿vestigation　period（Fig．4．3B，4．3C，4．3D）．　AP　conte皿t　was　highest　in　the　outer

cortex，　but　the　difference　between　the　middle　and　irmer　cortex　was　not¢lear，㎞

‘Tsugaru’，　AP　content　changed　slightly　the　first　three　harvest　dates　and　then　lost

rapidly　between　l　l　O　to　125　DAFB；however，　there　was　no　sig頑cant　differenee

in　AP　content　among　tissue　zones（Fig．4．4A；P≦O．05）．　AP　contents　of‘Golden

Delicious’，‘Fuji’，　and℃血’were　highest　at　the丘rst　harvest　and　then　decreased

gradually　du血g　i皿vestigation　period（Fig．4．4B，4．4C，4．4D）．

Sugar　content

　　　　　　Tbtal　sugar　co皿tent　（sucrose，　glucose，　and　fructose）　of　‘Tsugaru’，

‘Golden　Delicious’，‘Fuji’，　and‘0血’tended　to　increase　duri皿g　gfowth　and

maturation（Fig．4．5）．　Nthough　the　difference　among　tissue　zones　was　not　clear，

the　predominant　ilcrease　of　total　sugar　conte皿t　was　observed　in‘Tsuganゴ

between　l　l　O　and　125　DAFB（Fig．4．5A）．　The　i　ldiVidual　sugar　component　of　the

fbur　apple　cultivars　were　shown　in　Fig．4．6，4．7，4．8，　and　4．9．　For　the　indiVidual

sugar　content　of‘Tsugaru’，　sucrose　content　of　an　tissues　was　high　betwee皿110

alld　125　DAFB，　a血d　was　highest　in　the　outer　cortex（Fig．4．6A）．　Glucose　content

increased　slightly，｛and　was　highest　in　the　inner　tissue　zone（Fig．4．6B）．　Fructose

and　sorbitol　co皿tents　changed　slightly　a血d　the　difference　among　tlssue　zones　was

not　clear（Fig，4．6C，4．6D）．
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　　　　　　ln‘Golden　Delicious’，　sucrose　co皿tent　i皿creased　duri皿99rowth　and

maturation．　The　highest　sucrose　content　was　observed　in　the　outer　cortex（Fig．

4．7A）．　The　glucose　content　of　t　le　inner　cortex　was　higher　than　the　middle　and

outer　cortex，　but　the　changes　of　glucose　content　among　harvest　dates　were　small

（Fig．4．7B）．　The丘uctose　and　sorl〕itol　contents　changed　slightly　during　growth

and　maturation（Fig．4．7C，4．7D）．

　　　　　　In　‘Flji’，　total　sugar　and　sucro　se　contents　tended　to　increase　duri皿9

maturation（Fig．4．8A）．　The　glucose　and　fructose　contents　changed　shghtly　with

the　highest　content　in　the　i皿ner　cortex（Fig．4．8B，4．8C）．　The　sorbitol　content　of

‘Fuji’was　increased　and　it　was　higher　than　other　cUltivars．　The　highest　sorbitol

co皿tent　of　the　irmer　cortex　was　observed　betWeen　155　and　170　DAFB（Fig．

4，8D）．

　　　　　　The　increase血sucrose　content　dur㎞g　investigation　period　was　also

observed　in℃皿’（Fig．4．9A）．　The　glucose　alld丘uctose　content　cha皿ged　sHghtl｝㌧

alld　the　sorbitol　content　i皿creased　between　140－170　DAFB（Fig．4．9B，4．9C，

4．9D）．

Total　hydrolytic　acti吻ノ

　　　　　　The　total　hydrolytic　actiVity　of‘Tsugarピwas　higher丑1an‘Fuji’．　It

changed　slightly　betwee皿70　to　95　DAFB，　b皿t　dropped　significa皿tly　at　l　10

DAFB．　In‘Fuji，，　the　total　hydrolytic　activity　changed　slightly　and　decreased

gradually　tllroughout血e　growth　and皿aturation　processes・There　was　a　small

di」田erence　observed　i皿1血e廿ssue　zones　among　cultivars（Fig．4．10B，4．10C；

P≦0．05）．
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4．4．Discussion　and　conclusion

　　　　　　From　a　previous　stud｝㌧the　role　of　ethylene　in　starch　degradatio皿of　a

detached　apple丘uit　was　shown　to　differ　between　cultivars　and　their　harvest

stages，　and　is　related　to］ripening　and　physiological　characterislics　of　the　fhuit

（Thammawong　and　Arakawa，2007）．　Although　starch　degradation　of　the　detached

firuit　has　been　st皿died　i皿various　apPle　cultivars，　the　characteristics　of　starch

degradation　in　the　fi皿t　flesh　o皿the　tree　du血g　growth　and　maturation　is　not　well

studied．　Moreover，　the　relationship　between　cU　ltivar　variatio皿and　starch

degradation　mechanism，　which　includes　the　role　of　physiological　aspects　a皿d

cellular　components　such　as　starch　and　sugar　content，　and　enzyme　activity　in

each　tissue　zone　of　the　fhit　fleslt　is　still　unclear．

　　　　　　Starch　index　value　ca皿be　used　as　a　tool　to　indicate　fhUit　matUrity　based

on　the　level　of　starch　degradation　and　hence　indicate　the　apPropriate　t㎞e　for

harvesti皿9　（Kingston，　1992；Kllee　et　ai．，　1989；Lau，　1988；Watki皿s，　2003）．

However，　the　characteristics　of　starch　pattems　shown　by　iodine　sta血ing　vary

accor｛1ing　to　9roWing　conditio皿s，　canopy　enVironmenち　seasonal　changes，　and

cultivar　variatio皿（Reid　et　aL，1982；Smith　et　aL，1979；Watki皿s　et　aL，1982；

Wa㎞s　et　al．，1993）．　From　the　resUlts，　the　loss　of　starch㎞‘Tsugaru’

（early－mat㎜i皿g　cultivar）was　rapid　and　complete　between　l　l　O　to　l　25　DAFB（Fig．

4．1B）．　However，　iodi皿e　stai皿血g　of　o也er　three　cUltivars　showed　slight　changes　in

starch　degradation　unUl　oommercial　harves血g　beg皿．珊s賦erence　be伽een

cultivars　suggests　that　iodne　staming　is　recommended　more　for　detern血ing血e

matUration　i皿1ate印ma㎞ng　cul廿vars　such　as℃olden　Delicious’，‘Fuji’，乞血d

‘O血’rather　than　the　eally－mat皿ing　‘Tsugaru’．
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　　　　　　Du・ing・tar・h　d・9r・d・ti・n・phy・i・1・9ical・・pect・・f也・rip・㎡ng

・h・・act・「i・丘・・w・・e・b・erv・d　t・diffe・b・tween‘T・ugaru’and‘Fuji’．　h・T・ug・，u・，

starch　content　changed　slightly　betwee皿70－80　DAFB，　but　loss　of　starch　content

occu汀ed　rapidly　between　95　to　125　DAFB　with　si皿ultaneous　increases　in　the

rate　of　resp廿ation　and　ethylene　production（Fig．1A，　I　D，1E，2A）．　On　the　other

hand，　i皿‘Golden　Dehcious’，‘Fuj　i’，　and℃rin’，　degradation　of　starch　occurred

gradually　throughout　grow血and　maturation　processes　with　a　low　level　of

ethylene　production　and　decreased　respiration．　As　ethyle皿e　has　been　suggested　to

play　a　role　in　stimUlating　physiological　changes　and　i皿the　co皿version　of　starch　to

sugar　（Kader，　1985；　Watkins，　2003），　the　rapid　change　of　starch　content　in

‘Tsugaru’might　be　due　to　the　induction　of　lntemal　ethylene　production　and

respiratio皿rate・Fur血erm．ore，　the　response　of　the　apPle　fmit　to　endogenous　and

exogenous　ethylene　fbr　climacteric　induction　and　starch　degradatio皿　varied

accor輌g　to　c輌肛variations（Thammawong　and　Arakawa，　2007）．

　　　　　　The　changing　patterns　of　AM　and　AP　content　of　the‘Tsugaru’and　‘Fuji’

showed血e　highest　accumulated　starch血the　outer　cortex　and　lowest　in　the　inner

cortex．　The　action　of　starch　degradi皿g　enzymes　has　been　suggested　to　play　a　role

i血血eloss　of　starch　in　the　apPle　f㎞it（Beck　and　Ziegler，1989；Frenkel　et　aL，

1968；Garcia　and　Lajolo，1988；Jackson，2003；Zhang　and　Wang，2002）．　Si皿ce　it

has　been　suggested　that　starch　hydrolysis　genera皿y　proceeds　from　the　core

（carpel）towards　the　ski皿（Poapst　et　al．，1959），　the　degradation　of　AM　and　AP

co皿te皿t　in　both　cUltivars　was　observed　s㎞ultaneously　in　3　different　regio皿s　of

the　cortex　tissue．　However，　there　was　only　small（lifference　in血e　total　hydrolytic

actiVity　among　d血笛erent　tissue　zones㎞‘Tsugaru’a皿d‘Fuji’　cUltivars（Fig．4．10B，

4．10C）．　This　suggests　that　starch　degradation　began　s㎞ulta皿eously　ra血er血an

prefere皿tially　in　a皿y　one廿ssue　zone．　The　ii［皿por曲皿t　factors　affecimg　starch

degradation　patterns　are　probably丑1e　amount　of　starch　in　the　tissue　and　the　rate

of　degradation．　If　st　arch　conce皿tration　i皿the　core王egion　is　very　low，　the　lack　of
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iedi皿e　staining　will　occur　sooner　rather　than　later　du血g　f『uit　maturation　and

npe㎜g（Fig．4口1）．　Additionally，　this　s叩ports　the　hypothesis　that　different

degradation　patterns　between　‘Tsugaru’and　other　three　cultivars　durhlg

maturation　might　be　due　to廿te　physiological　aspects　of　the　ripening　effect　such

as　rate　of　respiration　and　ethylene　production．

　　　　　　As　the　sweetness　of　a　ripe　apple　f汕t　is　associated　to　its　cellular　sugar

compo且ents，　sugar丘om血e　d卿da目on　of　acc㎜ぬted　s倣ch皿d　sugar

translocated丘om　the　leaves　were　both　taken　into　account．　Jackson（2003）

suggested　that　starch　hydrolysis　is　generally　accompanied　by　the　appearance　of

sucrose　which　is　then　slowly　hydrolyzed　to　produce皿ore　glucose　a皿d　fiructose．

However，　Whitmg（1970）suggested　that　the　amount　of　sucrose　far　exceeded　the

amount　produced　by　starch　degradation　alone．　Flom　the　results，　the　total　sugar

conte皿t（sum　of　sucmse，　glucose，　and　fructose）increased　du血g　maturation，　The

individual丘uctose　content　was　the　highest　in　the　f畑it　flesh　of　both　cultivaエs；it

might　have　accumUlated　from　the　conversion　of　translocated　sorbitol　f｝om　leaves

by　sorbitol　dehydrogenase（SDH，　EC　1．1．1．14）（Bielesld　a皿d　Redgwell，1985；

Teo　et　aL，2006）．　There　was　a　predominant　increase　of　sucrose　content　that

occurred　s□nultaneously　With　the　loss　of　starch．　Sugar　content　i皿creased

significa皿tly　i皿‘Tsugaru’betWeen　110　and　125　DAFB　while　a　gradual　increase

du血lg　groWth　and　mataration　was　observed　in‘Golden　Delicious’，‘Fuji’，　aロd

℃血’．As　suclt　it　can　be　assumed　that也e　high　amount　of　sucrose　in　‘Tsugaru’

may　be　due　to血e　hydlolysis　of　accumulated　starch血the　ftUit　tissue．　However，

a皿attached　fuit皿ay　also　gain　sucrose　from　the　sugar　translocation　process　as　it

is　transported　to　dhe　fruit　sink　together　wi血sorbitol．　The　s㎞ultaneous

accumUlatio皿　of　sugar　］丘o皿　tra皿sloca且on　du血g　s倣ch　degradation　血1　the

maturatio皿　process　is　clearly　supPorted　by　the　oecu宜ence　of　sorbitol

translocation　in‘Fuji　’（Fig．4，8D）．　To　clarify　this　phe血emenon，　however，　fr血er

study　of　sugar　translocatio皿and　i血divid皿al　enzy】皿e　expression　of　each　cUltivar

72



訂erequ丘ed．　Moreover，　m　order　to　improve血it　ea血g　qu輌，也e　acc㎜uladon

of　sugar　from　both　starch　hydrolysis　and　translocation　should　be　taken血to

consideration．

　　　　　　Cultivar　variations　and　their　individual　physiological　and　chemical

characteristics　of　the　fhuit　development　and　maturation　process　seem　to　account

conjoi皿dy　f（）r　the　degradation　pattem　of　starch　i皿也e　f皿t　flesh．‘Tsugam’，　an

early－maturing　cultivar　with　a　short　growth　and　matura丘on．　perioぱproduces　a

high　amount　of　ethylene　amd　has　increased　rate　of　respiration　in　order　to　i皿duce

degradation　metabohsm　of　starch　a皿d　sugar　production　to　develop　f血t

sweetness　as　the　fhUit　ripen．　However，　h1℃olden　Delicious’，‘Fuji’，　and‘Oin’，

gradual　starch　degradation　occurs　s血Ultaneously　With　low　levels　of　respiration

and　ethylene　productio凪and　sugar　translocation　seemed　to　be　the　main　factor　in

sweetlless　developme皿t．

　　　　　　in　additioZa　during　degradatio皿of　starch　was　observed　in　frUit　fles私　the

changing　pa廿em　of　sugar　was　differe皿t　between　the　attached　a皿d　detached

‘TsugarピfhUt（Chapter　3）．　The　contents　of　total　s皿gar，　sucrose，　and　glucose　of

the　attached　ft　lit　tended　to　increase　during　investigation　period（Fig．4．5人4．6）．

For　the　detached　fmit（control），　total　sugar，　sucrose，　glucose，　a皿d　丘uctose

conte皿ts　in　the　immature　f㎞ts血creased　slightly　dur血g　storage，　however　those

in　the　matUre丘Uits　was血creased　betWeen　days　4－7　and　then　decreased　greatiy　at

day　10．　From　this　poh1ちit　can　be　assumed　that　the　sugar　products　from　the　starch

hydrolysis　血the　detached　frtrits　might　be　used　as　respiratory　substrates　to

produce　energy　and　intermediate　carbo皿compo皿ds　for　cell　mair・ten紐ce　as

discussed　in　Chapter　3．　However，　in　the　mature蜘ched丘噛，血e・increases・of

reSpiration　rate　and　amount　of　sugar　contents　were　observed　u皿t皿血e　last　harvest．

T垣smight　be　due　to也e　great　accumUlation　of　sug紅s丘om也e　s撤ch

degradatio皿toge血er　with　sugars丘o皿the　continuatio皿of　tra皿slocation　process・
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4・5Summary

　　　　　　Fnlit　maturity　indices，　i．e．　respiration　rate　and　ethylene　produc目on，

amylose（AM）a皿d　amylopectin（AP）contenL　total　hydrolytic　actiVity，　and　sugar

content　were　investigated　duimg　the　growth　and　maturation　of‘Tsuganl’，

℃olden　Delicious’，‘Fuj’i’，　and　℃rhl’apples　（Matus　domestica　Borkh，）．

Diiiferent　starch　degradation　characteristics　during　the　growth　and　maturation

processes　were　observed　among　cultivars，　By　iodine　sta皿ng，　the　loss　of　starch　i皿

‘Tsugaru’was　observed　earlier　than　in℃olden　Delicious’，‘Fuji’，　and‘0血’．

The　different　degradation　patterns　of　starch　were　also　de皿onstrated　by　the　AM

a皿dAP　content　In‘Tsugaru’，　AM　and　AP　degraded　rapidly　betwee皿95　to　110

days　after　fi皿bloom（DAFB）and　a㎞、ost　all　starch　were　lost　rapidly　at　125

DAFB　with　silnultaneous　increases　i血rate　of　respiration　and　produ也on　of

ethylene．　However，　in‘Golden　Delicious’，‘Fuji’，　and‘Oriピ，　starch　degraded

gradually　t㎞■ughout　growth　and　maturation　process　a皿d　was　clearly　degraded　at

1550r　l70　DAFB　with　a　low　level　of　ethyle皿e　production　and　decreased

respiration．　This　血dicates　that　the　level　of　starch　loss　and　its　degra・da廿o皿

characteris廿cs　depend　on　　cultivar　variation，　and　could　be　affected　by

physiological　aspects．　h　aU　cultivars，　conte皿t　of　AIN4　and　AP　were　highest　in　the

outer　cortex　and　lowest　in也e㎞er　conex．　Starch　degradation　was　observed

simulta皿eously　in　3　different　tissue　zones　and　there　was　li仕le　diiiference　ir血e

total　hydrolytic　actiVity　alnong　tissue　zones　betWeen‘Tsuganピa血d‘Fuji’・These

results　suggest　that　starch　hydrolysis　in　the　apPle　flesh　began　s㎞ultaneousIy

rather　than　prefere皿tially㎞a血y　one　tisslle　zo皿e．　For　sugar　contenL　although

differences　among　tissue　zones　were　not　clear，　it　i皿creased　distinctly　with　loss　of

starch　co皿tent．　Moreover，　sugar丘om　the　degradation　of　accumUlated　starch　and

SUgar・tranSl・Cati・n　b・也Seem　t・m血iy　inflUenCe　tlie　SWeetneSS　quality　aS　the

ftuit　ripens．
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　　　　　　　　　　　　　CHAPTER　5

0VERALL　I）ISCUSSION　AND　CONCLUSION

　　　　　　Ethylene　is㎞own　to　tdgger　many　physiological　and　biochemical

changes　during丘uit　ripenhlg（Pratt　and　Goesch．1，1969）．　This　study　examined

starch　degradation　of　detached　apPle　fhlits　in　relation　to廿le　effects　of　ethylene

during　ripening　us廿lg‘Tsugan1’（early－maturing）and‘Fuji’（late－matUring）

apples（Ma～us　domestica　Borkh．）．　Fnlits　were　harvested　at　immature　and　matUre

stages，　and　treated　with　ethylene　a皿d　1－MCP．　The　results　showed　that㎞

immatUre　fhuit　of　both－cUltivars，　a1丑10ugh　starch　content　decreased　rapidly　durh19

storage　at　25℃，1－MCP　had　little　effect　on　this．　Ethylene　treatment　stimulated

the　degradation　of　starch　slightly，　but　any　differences　in　starch　content　among

different　treatments　were　small．　The　respiratio皿rate　decreased　grad岨lly　and

ethyle皿e　production　remained　low　du血g　storage，　irrespective　of　treatments　and

cUltivars・The　res皿1ts　suggest　that　frUits　at　t｝le　hnmature　stage　do　not　respond　to

both　endogenous組d　exogenous　e血ylene，　and　starch　degradadon　does　not　relate

to　the　c丘macteric　or　ethylene．　Taiz　and　Zeiger（1998）suggested曲［at　when

non－climacteric麺ts　are　treated　witll　ethyle皿e，　the　magnitude　of血e　respiratory

rise血creases　as　a　fUnction　of　ethylene　concentratio叫but丑le　treatment　does　not

stimulate　production　of　endogenous　ethylene　nor　accelerate　ripening，　Response

of　immatUre　ftUit　to　exogenous　ethylene　might　be　similarL　to　that　of　the

non・climacteric．　hl　mature‘Tsugam’，1・MCP　treatment　significantly　inhibited

e血ylene　production　and　reduced　resp註ation　rate　and　starch　degradation．　The

effects　of　1・MCP　and　ethylene　on　starch　degradation　in　matUre　‘Fuji’　were　small，

amd　starch　content　decreased　drastica皿y　ill　a皿treatments，　although　1－MCP　had

significantly　inhibited　ethylene　production　and　respiration　rate．　It　is　suggested

that　ethylene　is　partia皿y　involved　in　starch　degradation　in　mature‘Tsugaru’，　but

not　in　‘Fuji’．　The皿atule　cFuji’has　beell　classified　as　a　chmacteric　f㎞t．　However，

the　low　levels　of　respiration　rate　and　ethylene　production　sugge　st　that　regU　lation
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of　starch　degradation　metabolism　in　mature‘Fuji’might　be　similar　to　that　of

㎜a皿e‘F可i’．S蜘to　sugar　conversion　has　also　been　suggested　as　another

aspect　of丘uit　ripenmg　stimulated　by　ethylene（Kader，1985；Wat垣ns，2003）．

However，　the　role　of　ethylene　in　starch　degradation　of　detached　apple　f汕t　differs

between　cultivars　and　the辻harvest　stages．

　　　　　　In　addition，　the　s加dy　on　the　effects　of　ethylene　and　1－MCP　on　sugar

accumUlation　during　storage　of　immature　and　mature　‘Tsugaru’apples　suggest

血at亘pe血g吻iologcal　aspects輌cc副ado皿of　sug肛m㎞a賦舳s

are　not　affected　by　ethylene　and　1－MCP　Total　sugar　content　cha皿ged　only

sUghtly　du血g　degradation　of　starch　and　there　was　little　difference　among

treatments．　Although　the　results　showed　that　glucose　content　of　the

ethylene－treated　fhlit　was　higher　tha皿other　treatments　after　harvest　there　was　no

mcrease　in　rate　of　respiratio皿or　edlylene　production．　These　results　agam　s叩port

the　hypotheses血at㎞a加e麺ts　co輌ot　respo且d　to　exogenous　ethylene　for

inducing　fhUit　climacteric，　and　starch　degradation　including　sugar　accumulation

did皿ot　relate　to　the　climacteric　or　e1血ylene　（Chapter　2）．　Although　starch

degradation　of　the血mature‘Tsugaru’舳t　did　not　seem　to　be　induced　by

ethylene，血e　result　of　th・is　study　suggests　that　the　degrad且tio血of　accumulated

starch　in血e　immattrre　ftuit　provides　glucose　as　a　main　product　during　storage．　In

the　ma加re　fhUiち也ere　was　an　inhibitory　effect　of　ethylene　and　1－MCP　on　the

ac凹mulation　of　sugaエSol皿ble　soUds　were　higher　in　1・MCP－treated　apples（Fan

召t　al．，1999）．　However，　they　were　neither　unaffected　nor　inhibited　by　1・MCP血

some　cUltivars（R叩asinghe　et　aL，2000；DeEll　et　aL，2002；Watkins　et　al．，2000）．

In　additio叫as　hexose　suga正is　a　substrate　fbr　respiration　metabohsm　alld　f汕t

respires　cont姐uously　a丑er　harvest（Kays，1991），　sugars丘om　starch　degradation

in　the　detached　fhlit　might　be　used　mainly　in　respiration　to　produce　energy　and

other　carbon　compounds　for　cell　maintenance　and　necessary　synthetic　reactions

durillg　storage．
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　　　　　　The　effect　of　ethylene　on　starch　degradation　and　sugar　accumulation　in

d・tach・d・pPl・fruit・diffe・ed　b・tween・ultivar・and　th・ir　h・rv・・t・t・g・、，　in

・el・廿・n　t・也・坤・血9・h・・act・ri・t・i…fth・fr・it．・Additi・nally，・・tUdy・杣，

characteristics　of　starch　hydrolysis　and　changes　i皿physiological　and　chemical

aspects　in｛lifferent　flesh　zones　of　on－tree　f汕ts　was　conducted　using‘Tsuganゴ，

℃olden　Delicious㌧‘Fuji’，　and‘Oin’apples．　It　is　suggested　thaL　even　in

attached　f㎡ts，　s㎞ultaneous　mcreases　in　e血ylene　and　respiratio皿observed

du血1g　starch　degradation　of‘Tsugarピ，　and　changes　in　amylose，　amylopectin．

total　hydrolytic　ac疽唾，　and　sugar　compositions　cumulatively　accolmt　for　the

different　degradation　pattems　of　starch　m量Uit　flesh　among　different　cU　ltivars．

Moreover，　as　st肛ch　degradation　of　the　apple　fhuit　proceeds丘om　the　core　towards

the　outer　cortex（Poapst　et　aL，1959），　the　contents　of　amylose　and　amylopect㎞

were　highest　in　the　outer　cortex　a皿d　lowest　in　the　h皿er　core　area　and　also，

similar　degradation　patterns　of　starch　and　total　hydrolytic　actiVity　were　observed

i皿all　tissue　zones．　This　supPorts血e　theory廿lat　starch　degrada廿on　of　the　apPle

舳tseemed　to　begin　simUltaneously　rather　than　preferentially　in　any　one　tissue

zone（Brooldield　et　al．，1997）．　In　additio皿，　although　there　was　no　clear　difference

amo皿g　tissue　zones，　an　i皿crease　㎞也e　sugar　content　of‘Tsugaru’occurred

simUltaneously　with　the　loss　of　sUrch　but　in　the　o血er　three　cUltivars，　o且ly　sHght

cha血ges　were　ob　served　du血g　growth　and　maturation．　ln　late－maturing　cultivars

such　as　‘Fuji’，　the　high　sorbitol　content　i血　a皿　tissues　suggests　that　sugar

translocation　may　be　involved　in　the　developme血t　of　sweetness　i皿attached　apple

fhUits．　Moreover，　the　increase　in　total　sugar　content　may　be　due　to　conversion　of

translocated　sorbitol　to丘皿ctose　by　SDH　during　grow血and　ma加ation（Bieleski

and　Redgwe11，1985；Teo　et　al．，2006）．　To　clarify　this　phenomenon，　f㎞血er

studies　on　sugar　translocatio皿and　i皿dividual　en2yme　expression　of　each　cUltivar

are　reqUired，　In　order　to□nprove丘uit　ea血g　quality｝fUrther　stUdies　o血starch

degradation　metabolism　should　take　physiological　propenies　and　the

accumUlation　of　sugars丘om　bo血s皿ch　hydrolysis　an曲ansloca目o皿du血g
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groWth．　maturation，　and　ripenmg　into　consideration．　Moreover，　this　research

shows　that　there　were　differences　in　starch　degradation　mechanisms　and祖the

responses　of　fhlit　physiology　to　exogenous　ethyle皿e　between　fh血ts　of　va馳9

harvest　dates．　The　f頭her　study　at　the　molecular｝evel　coUld　clarify　the　spec迅c

ac口on　of　ethylene　on　starch　degradation　metabo且sm　and　the　differential　response

of　f皿ts　to　ethylene　as　observed．　between　varyi血g　cultivars　and　development

stages．
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SUMMARY

　　　　　　㎞皿㎜hpe　apple，　starch　is　a　maj　or　carbohydrate　accurnulated　in　the

丘uit．　As　the丘uit　ripens，　starch　is　then　degraded　to　provide　sugars　associated　with

fruit　sweetness．　The　relationship　betWeen麺npe血g　and　starch　degradation

characteristics　of　the　apple　fruit　was　studied　in　thi　s　research．　Starch　degradation

of　the　detached丘Uit　in　relation　to　ripening　and　ethylene　was　st咀died　in‘Tsugaru’

（early－maturing）and‘Fuji’（late－mat皿ring）丘uits　with　treatments　of　ethylene　or

I－methylcyclopropene（1－MCP），　an　etllylene　inhibitor．　Moreover，　in　order　to

understand　starch　to　sugar　conversion　during　ripening　of　detached］Eiruits，　effects

of　ethyle皿e紐d　l－MCP　on　sugar　acc輌tion　during　storage　of　immature　and

mature‘Tsugarピapples　were　evaluated．　In　addition，　since　simultaneous　i　lcrease

in　ethylene　and　respiration　rate　were　observed　during　starch　llydrolysis　in　on－tree

丘Uits　and　cUltivar　variations　seem　to　influence　degradation　pattern　of　fhuit　starc恥

characteristics　of　the　changes　i皿　physiological　aspects，　starch　（amylose　and

amylopectin），　sugar　contents，　a皿d　total　hydrolytic　actiVity　of　attached　apPles

were　investigated　du血g　development　a皿d　maturation　processes．

　　　　　　For也e　relationship　between　fmit　ripeni血g　a皿d　starch　degradation，血e

physiology　of　starch　degradation　in　relation　to　ripe血g　and　ethylene　was

investigated肛sing‘Tsugaru’（early－matu血lg）and‘Fuji’（late・matu㎡ng）apples

輌s　domestica　Borkh，）．　Frttits　were　harvested　at　immature　and　mature　stages，

｛md　treated　With　ethylene　and　1－MCP　The　results　showed血at丘uits　at　tke

㎞a血estage　co輌ot　respo且d　to　endogenous　and　exogenous晦lene　for

血duci皿g　the　clinlacteric，　a血d　starch　degradatio血did　not　relate　to　dle　climacte】dic

or　ethylene．　For　the　mature丘UitS，　the　resUlts　suggest　that　ethylene　is　partially

血volved　in　starch　degradatio血in　matUre‘Tsugan1’，　but　not　in‘Fuji’．　ln　addition，

the　role　of　ethylene血starch　degradation　of　detached　apPle　fh血ts　diffeTs　between

cultivars　and也・eir　harvest　stages・
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　　　　　　F・r・・tar・h　t・・ug肛・・nv…i・n・during・ip・n血9，・ffe・t・・f・血yl，n，　and

l－MCP・n・ug訂accumul・d・n　d血ng・t・・ag・・f㎞・血・and・m・tU・・T・ug堀・

・pPI・・were　e曲・t・d・㎞㎞m・血・‘T・ug・・u’，坤・迦9　Phy・i・1・gi・泣・・pect、。f

the　i㎜matUre　fuit　wefe　not　affected　by　ethylene　or　1－MCP　AIthough　increased

glucose　content　was　found　in也e　e也ylene一仕eated麺L　acc㎜ulaUon　of　total

・ug田d…n・t・eem　t・b・induced　by・血yl・n・．　In血・m・加・血it，　rip・ning

aspects　were　Ulhibited　by　1－MCP；however　it　seemed　to　reduce　the　accumulation

of　sugar　only　at　day　7　after　treaロ皿ent・Although　observed　changes　i皿the　ripe血9

aspects　a皿d　starch　loss　of　the　ethylene－treated　fhUt　were　greater　than　the

un廿eated麺ちexogenous　e血ylene　did　not　induce　sugar　accumUlation　d血g

storage　of　mature‘TsuganゴfhUit．

　　　　　　In　addition，　cUltivar　variations　and　the　characteristics　of　starch　hydrolysis

and　sugar　accu1皿ulation　in　clifferent　flesh　zo皿es　were　also血vestigated　in　on－tree

丘uits　usi血g‘Tsugarピ，℃olden　Delicious’，　cFuji’，　and‘0血1’apples，　harvested　on

five　to　six　dif正bre血t　dates．　Iodi【le　stai皿血g　and　changes　hl　amylose　and

amylopectin　contents　revealed　different　starch　degradation　pattems　among

cultivars．　Additiom皿y，　this　suggests　that　the　chmacteric　of　fuits　seemed　to

influe皿ce　the　loss　of　starch　in‘Tsugaru’，　but　not　in　later・maturing　cUltivars　such

as‘Golde皿Delicious’，‘Fuji’，　and‘O血’．　In　view　of　each　particUlar　flesh　zone，

a1也ough　the　content　of　amylose　and　amylopec血was　highest　i皿the　outer　cortex

and　lowest　hl　the㎞er　core　are己s血Ular　degradatio皿patterns　of　starch　and　total

hydエ01ytic　activity　weTe　observed　in　all　tissue　zones．　Starch　degradatio皿of　the

apPle　firuit　seemed　to　begin　simultaneously　rather　t血an　preferentiaUy　in　any　one

tissue　zone．　Although　there　was　no　clear　difilerence　observed　amo皿g　tissue　zones，

there　was　a　simUltaneous　increase血sugar　content　of　‘Tsugaru’　With　the　loss　of

starcZa　but血血e　other血ree　cUltivars，　only　slight　changes　were　observed　during

grov曲　and皿aturation．　h　Iate－matu血g　cultivars　such　as‘Fuji’，　sugar

translocatio皿may　be　involved　in　sweetness　development　in　attached　apple丘uits．
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