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Summary

The cell wall components of fruit include cellulose. hemicellulose, pectin, glycoprotein, etc., and the cell wall
composition differs according to the kind of fruit. Fruit softening oceurs as a result of a change in the cell wall
polysaccharides ; the middle lamella which links primary cell walls is composed of pectin. and primary cell
walls are decomposed by a solution of middle lamella caused due to a result of pectin degradation by pectin de-
grading enzymes during ripening and softening, During fruit ripening and softening, contents of arabinose and
galactose among non-cellulosic neutral sugars are notably decreased, and this occurs as a result of the degra-
dation of pectin during fruit repening and softening since they are side-chained with pectin in the form of
arabinogalactan and galactan, Enzymes involved in the degradation of the cell wall include polygalacturonase,
cellulase, pectinmethylesterase, glycosidase, ete., and various studies have been done on the change in enzyme
activities during the ripening and softning of fruit. Among cell wall-degrading enzymes, polygalacturonase has
the greatest effect on fruit softening, and its activity increases during the maturating and softening of fruit.
'This softening leads to the textural change of fruit as a result of the degradation of cell wall polysaccharides
by a cell wall degrading enzyme which exists in fruit.
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Polygalacturonase, cellulase, glycosidase, pectinme—
thylesterase 5 Al XHEH a4 FAeo] F7HAL
—6]5tF], ©]5 FAEe) TEdle] ATHL B
Aoz A3t dede{7-10] &
polygalacturonase> AlEH F&9 T4 )
pectind-g E&)ste] 74 polyuronides -
[11—-1414719,  FA) B-galactosidase =
penctind 9] =49l galactan¥} arabinogalactan$-
galactose?} arabinose® F2|[15]A]A, T3] 4
AP o 24 A3} 22 (16—18].
o ole} W AT R ErtEd] FF Ao) 7}
A 2o ni[19-26], AFFAgHoz MEHE
HEae 8L dAAA A=A 4E rin
' (ripening inhibitor)®} Nr(non-ripening) EvF% 7}
AR27]5 e A BT AE7HE
=A olwiAEZ Yot

w5 Zpatale) dAztaatel Pyk A7(28—33]
o o)zt A AsHdvje] AETEas
2 polygalacturonases} [S-galactosidase®do) &
7Vsk3, AE 3 peetind 2] gaFel Zhasie A
& Zol Zylely) okzbe] 7184 hemicelluloser}
Aalel| A RS Faste wbd 4k 7184 hemi-
celluloser= Z7}8tgich. 2elz, wjAdFA $AE
Q) galactoses} arabinosez} ZrAvslod, A Z.ejgiul
A% $EEFgd. =3 ARFPv| AR [HAF
vl ostE A Foll MET S| WL,
AZZFTFA pectindE FAHS Ae TFo
B EHE 9 Wbt #R A

T ao] Azl HhF AT ErFE[3,20,24,25,
34—-39], okvrix[1,2], J5F[6—8, 12, 13, 40
—46158 Ao ® go] d7Hded, FE Al
zye] T2, Axy A AR =24, 453
AR Fol depte MEd T4 ¥ Wt
(4719} AZYHENEAES =47 &4 W3}
[48—54], 28]x o5 A4 #&r|4dE 79
sted 23e Fx gtk Aste) Axe A
B gae BT AT AR 2497 2
e, o) 59 A3 atg, Tl Fe 2], 5472
o) Azel BHAE, £2A%e] AX, FF2
ool & W=vh[56]
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1. MzZee] =

Albersheim[ 577, Keegstra 5{58], Robinson[59]
2 Rees[60]0ll <8}, F4e] AlzHe il
F 3Fe] et & pectind, cellulose, hemicellu-
lose2 HFHcth Axdchdie Az of 90
~95%E 2A)ste, g Ae o 5~10% Ao
v} FAle] BFe wel 7 ZAee zolrt gl

"t}. Pectin & & homogalacturonan #} rhamno -

galacturonane] A& A FAHeE FA =]
9l galactan, arabinan ¥ arabinogalactane]
A5 glct. Rhamnogalacturonan egg
box®Zeks 33z glew polygalacturonan back-
bone& C-6 carboxyl”]el] methylester®}= 71}, ol
A% carboxyl?] Ale] &2 <2133 galacturonan
Apgrpolol] Ca*+3} 74gh oleARE 3} Uk
Hermcellulose: xyloglucan®} glucuronearabinoxylan
T2 pA=e] 9ler cellulosest 733 AT
& 3z 9} @wae hydroxyprolines 53
o} §83lx slom pectin@ @] arabinosylo|ut
galactosylz7) o} AFE o] glvk. F4AgE T 9l
2= cellulose-hemicellulose B-3F A= Mlzy a3
o] AR pectinds}t Aol AXAE T
o} ‘

Az ARe Bg AFEA Kuee[40]E 4}
Fz=AdA  F4  FF  Poyuronide
hydroxyprolined #eo] @3 @Hd= T4d
EHAE £2890h Darvil 5 [60]2 342
NEY FARES
polyuronide, HetulAE FA4xe] gla olF 9
e B TR/ FE wel Aoz}t o
3 stk 28l AEE e Adel 4E
age Bate] 27, ) A Hx, TF, 7
AL, pH, CaFrekel 23} 60—64].

cellulose, hemicellulose,

2. MZH FailFael A1 2 Het

1) Polygalacturonase

Prossey®} Avants[65]x pectind ®#EL=
polygalacturonaseo]® F=¢2 L3+ endo
et oo L5 exo FEZF TATHL
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stk Ao EF9 FF wa endo-, exo-
polygalacturonase®] =Ajdl= zlel7l Quch F,
T FHY Bk BEE PGT AL Epol6s],
Bi[5], £0][66,67], ¥l H{68], }uteH69,70]1%
o] 9lem, ¢]& exo-polygalacturonase?} pectin
Tl A A1 B de wi[5], shu68], A3
4 Bgol65], Hutol[69,70)%F oIk T} A}
| = exo-polygalacturonaseyt %2}] drtn By
Sl vH 43].

Endo-polygalacturonases n)sitid = &4
of 1A i wow, A&y Azl Ao F4
3 F7Fu9, 71—73]. Polygalacturonased]] ti
g HZo dF B2 endo-polygalacturonase
isoenzme®] Ao} APejsdty E4o 2HL F
3 a2z, 23, 74, 75]

Tucker %¥{22]& EntE A% Zo poly-
galacturonase isoenzymed] A& ZAbsIEEd),
U5 EvlEdAE polygalacturonase 1% &
Asrhx, A7 o= polygalacturonase I3k II
b EAqstdoey ¢%vldE poly-
galacturonace'.I o] g4J¢] FA43 Ladts 9y
of polygalacturonase 118 4] Z7l&lsch &=
isoenzyme?] D ITAHLE wlg Galsh
polygalacturonase 1-& 78CdA &do] 50% 2
dadte W polygalacturonase & 57°C o)A
e "ol deiwtiy Ik E=F ¢WolEQ
Nr Eu}E9) polygalacturonase I %F ER&te A
< I o ErlE9 @ile Tod= ma=
polygalacturonase isoenzyme2 I1#t1 R 13y
ot EntE A< o polygalacturonase Ao
F7hehe AL ¥4 Fio Aslel de
novo Aol gk e ez glor} Az
7 H&aA FHEe dAE @o22]

35S FAHFZ Q& pectinS  rhamno-
galacturonane] F T4 X0 w[1876,77], 417
o arabinan¥} galactane] &4 A .2 o 7 & o]
UL, FHLEL polygalacturonases] &g
WAl pectind o] S Aol dFL A s)%
Aol 78]

Gross¢} Wallner[26]= Evnte 428 o)}e)

#] polygalacturonases] =hgol wisa] Abajs] 3
D&} F, 95 Evtge] A)EY palacturonic
acid®) 20~30%% FRHG 427 S AAel
D& W LAY JFFRE SA=EUNT, B B
AekL 20,0008 o) galacturonic acid?} rham-
nosed] W7} A cfFFAr 23 4 R
OB ZAs 4% EepEdA 2% poly-
galacturonase s ¢4 A& W 22 w4t
o] ooty FHdrk. Albershem F[76]2
polygalacturonic acid®] #EA}3l= ¥|E4A7 «f
Atell 2§k 7ie] o} 3 polygalacturonases] 2)3t
Aelgkx stglch 3 @7l Neal[79]3}
Barnes®} Patchett{80]%= polygalacturonasez} &
AN&tA ederkal B1sk T, Huber[81]= Xu}
Ex 45 Fol 44 pectino] FstA =
7vetA] srEvha skAch 2@l 4] o}A) pectin® 9]
7H8-8 A4 FAHeE FHEA g2 A
A o) A4t 23 el polygalacturonasee)] 2|
8 A pectin o] A3A1E @Balo] dojul:= A&
EYgle AR BaEw g}

2) [-Galactosidase

B-Galactosidases= A}t Asrs) A3 Fol 24
o] Z7H42]8}xz, ML) galactose?} arabinose
e AlA A3E FA9vH82]. Pressey[15]
far BolEol4 3% 2] B-galactosidase
isoenzyme® ¥2| AA3} 93z, Wallnere}l Walker
[37]= BviE A Zo #Ae] F7l8s e
galactand- FAE 4 e FHo) 9l sh}e
isoenzyme®] F7}ell ©Jgk Zolzlxz M Iapoich
Bartley[43,44]¢] B3] 2)8tw  f-galactosidase
= 3419 pectin galactang R &5} o] galactoseE-
A7, in vitro APAHE Az 2A ) 4-
galactosidase & Az|stP& W 2L Hibo] et
do o &Rck §3H Gross9)d Wallner[26]= E
BtEel= f-galactosidases] ¥Ado] wjg EFx|gh
invitro AP N4 AZe Lalgato] o}z
o [-galactosidase: pectindl o] ) A4S
w3l zZlew ®adlgdrl. B-galactosidases

pectin galactand- 231819 galactose® S2]A]7)
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024 A AE FAse AoE A
e, 2ol Be FAHEo] galactoseriAlel
g A7E Bk 83,84

3) Cellulase

Cellulaset= polygalacturonaseg} zre] ks A
a4 o] Rasx 9leH85—90]. Cellulase: 7|
& FA A FAo] gAY wig vont A=
QA o BAo| F435] Fohae{2l] 2
Ealge] Af¢E ol % 7)9} Ad7)e] ZAle] viel
w2 2] w32[19,20], k= ‘Bartlett’s)}
[8]et ¢ AH{[42]ol M cellulaser} ERI3HA]
iy BwEL gk

9% ole A6 celullasert EEH o] x
oiste} Wele 9lA|qt celullases] H¥o] &3
7oiEA) ook, B AFAHE-2 celulaser} 9
sholl v]HE ofike wj$ AL o= YAIrt
[19,58,86]. A5 [4079} #H[91,92]= Aszzel] cel-
lulosee] ¥ake] Hxgoia Budtgovt WL
9 AFAEL FAe 45 Azt Foll celulose
levelo] Wizt AV T3 Awkel FaIG
3} 91} 8,85,86].

a7 HA el Astel] h cellulased] AT
o] Wi AT FT 45 HA AT T2H
Q7o HEre £ Atk &, Pesis $[93]2 o}
Brlze] FZ9 &3 polygalacturonase?] 2t
2 wSo)3 cell wal fibrillar network®] W&
cellulased] 2§t Zolelx st4lth. Platt-Aloa &
[18]= o}m o] @Dl 27 ATl
z23) cellulosic fiber2] 4883 F23HT
Ben-Arie 5[17]& A}¢} Wl climacteric %ol
celluloytic enzymesl] )34 fibrillar material®| £
2lo} 7rart dept, E &g AR
polygalacturonase s 2 2)gta, Wiz elE poly-
galacturonases} cellulase® 77} A2)stdE o
Aleid o 2 ghd FA A ok AR FAE
A7t dolwtrtz s4ir}. Hintons  Pressey
[94], Awads} Young[88)2 o}x7tx FH4e] <
stel|4]  cellase®] Agod Wi FAEA
polygalacturonasez} &838}7] Ao cellulase?} &
ale] @sirl dopubu, ofmrixwe At

cellulase7} QAzkell F2¢ A4 ot Pess &
(93} &7 A5t Foll cellulased] TAIT cbe
macteric rise= DA #A7L et A, T
#H  Awade} Young[87]& cellulase= poly-
glacturonase®} ethylene A& =3 A&
A0k &

4) Pectinmethylesterase
Pectinmethylesterase’= 754 %< de] 2T
o] glow R FAdx EAIch FHAe
pectinmethylesterase?] A& A% Fol F7H?23,
9615te] AAFHA FA[97—991=) Ay, (289,
100]ste, ThE &S FA A<l Al =
ot zlezx w3uEm 9ok Pectin-
methylesterase= polygalacturonase®} ko] W&
Ao 4] ¥l iscenzyme W)= 2l Hultin
s %5 ATAHE[101,102]2 vhblelE 3%
isoenzymeo] EAshe] o|F P At A
Ao] tizrlx #93, Markovic F[67] A7]
AZ el ols]4] vl A 6F 9] iscenzymed-
223w Brady[98]E EAbske] 30,0000)3
pHel NaCle) vigk SA4o] A 2%9
iscenzyme-& 2-2]3}¢lv}. Presseyel Avants[100],
Moshreflsh Luh[103]= o§2) o) Eukeeo|x 4
2.9 isoerzymed EF3tAw, ol59 WFHHA
25 FF7 AE52AC e} Zolrt A
B 73lge}, Tucker $[23]2 pectinmethylesterase
13 pectinmethylesterase 12 ®Hate 259
isoenzymed ¥-2]olor Ax Fol AL F
7} pectinmethylesterase 119] #4je] F7}3}7]
W Folz}w s Qch. Gross[104—106]. Timothy
9} Tigchelaar[ 107]% pectinmethylesterase®] &
Mo oul EnpgEel Nr BEvlkxdxs F7heta
rin ¥vtEe) = W3y}t goka Bk
Pectinmethylesterasey 3}412] dAstel] Fg%
Awke vlX A ¢konl, HITo) 2 e
A4y d7= A9 dAAN @z e BAe
t}. Tucker =[23]7 Brady[98]+& wl<tel 4]
pectinmethylesterase®] Z&#} & TAHL
e} Heio] gl B AEHjae] Fefste
Aolehz shdck, ohwrbE 9

- climacteric
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A Qs AxY Y4B ATHBA5a9 Ws 5

Aol FAo] Ao mFslz o]F o= ZA3F
et g5 Aoy 50%AE B =
Astm 2 B4E $HF o2 879} Az}
= ¢ F vk (1]

Pectinmethylesterase = A E Y 2 poly -
galacturonan®] methoxyl 718 A A e poly-
galacturonase?] 42 o)A df= Qe
#HrH108,109]. A EW ] pectin 2] methylation
9 Axe st ol dAEA) §-=x"h110,
111]. Knee[12]& A} 4% Fo pectind &
ester3t= HF 70% HEE AAEA GAH=
Rl R R R R P -V L e
%3, Shewfelt T[11]e 4 Role] g
pectin@ 2] estersl HE i 75% 2 QAsp B
% pectino| = esterstr} Ztaghelw B E
Aot 45 Fel 3 protopectin®] @ 247} o
ol{f{112—115]e 2  estersle] ol &
protopectin®] random ester®}el] 4] 7+4 5 7| B chi
IEE ester3}gt protopectino)| ] FAE g
Ashole,

3. M=Y clebfel =M1 wst

FAS AE FHHYEE pectind, cellulose,
hemicellulose & A Zwiwazg TAEe] glo
o, AEY hFFoE oF 90~95% 8 HAsz
ML ofF 5~10% A=olu} EFe} Ezo) o}
2} 2. 24 el = zo)s} g)r) Pectin® 3} hemicel-
lulose-&- galactan, arabinan == arabinogalactan
=° A2 dgFaleld: N2 dAsz
sle}.

9 443} Q) ol AxW 74 R
S H3he AEHEN 29 ool o) AT
SRRt BAEE e Ry @seld. xa
H AL L7l b o celliose of
glycanases} ©}2 &9 Bz 24 o4
2 FE37 dojute, HAlel & cellulaser} s}
R 4SS A3t Fo B4o) ARAL A 2
Zhel celluloseell = #9] 932 n) )= Eghd},

Huber[81]+= ¥rl& A4 %o hemicellulose2]
#a40) F71893 ARAH B Yelwez

393, Gross 3{121] 2d 4 Fo) e
e wAsADL 2t Alsts AR =
FAell f-14 glucanaseS §-5[20,8118kz 1A
7t hemicellulose 743 &34l xylose, glucose =
mannose?] #&F-& A=A ¢Fecl[3541,81]. o]
= J4 A% Fol mannoser} glucomannang A)
&4 3AY, F& mannose®} glucomanang £
Aol AL 78],

19221 Carre[114]9} @& Algfol 4] 7}2A)
pectino] F7}ghc}ty B ng old o7 a1
< E84 pectino] 7h&4 pectinWE @)
7] Wl 244 pectind e iy 7}84
pectin & F7H11515}m, 7184 pectin® ol =
T4 DFHY wge] wrly shci39]. 1970
Azl ofe] dFAES Pectinde] 7ot
< A Foll £A%+E polygalacturonases] 24
ol 7191& Zlelzbxz 8}3{c}H40,80,116]). Pressey
9} Avants[14]=  endo-exo-polygalacturonase =
EF B8 @4 Bgols 44 Fo 7144
pectin® o] Falo] 2715} endo-poly-
galacturonass2] E4je] e M Eamol= of
2he} pectind 9] 7}-8-37} wf$ A A Jepdy
Bysgo. Ao ¥+ endo-poly-
galacturonase®  F-§8% %7 exo-poly-
galacturonasert 45131 917]) w)E-o)| pectini 9]
7H8-3kot Asbr} vi9- 2] AaE o] A o)
Aci44). 4o P53 A3 Zo pectinal el
Wi polygalacturonaseet WAR WA 9t}
[12—14,79,117]. Knee[39]+= A}3}o] Hlzwe g
-8 polygalacturonide, 4 o}, A2 g
2 Fe8HY, = pectind ) gl o) glyco
peptide protease?} glycanaseol] o]#] 237} =

Al vt shao118].

4 MEH H|¥RY Sote wa

o] AgFo dojuhs 2AT e Wale
Y 7T dAld A B A7) s
An gk dREe BHA9 ArEel Haw
galactose} arabinosei= pectin vFFol galactan
°|} galactoarabinan ez ZNAFL stz 9
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om[63], A% A3 Fol FAFTH7,274191,
118—120). Ahmed®} Labavitch{7]= E%&o} A
2 Zd| arabinose: WA 9 50%7F F2IHAT
¥l 80% ethanol &4 T@FANAM AFHUL
W, chromatography2 A% 27}, arabinoses
arabinan HEj= %E],%E}‘T'— ot Grosset
Wellner{ 261 A4 EvtEsH ¥ol$< rn B}
E9 Az bR drte dFelAM 33 Enl
EoAE pectind 9] 7H&-89} tl&o] galactosest

arabinose7} 50% 2 ¥R rin EvEAAM

= pectin@ 9] 7HeE FAe dolubA etent
galactose®} arabinose:= 40% H&3tATs 2%
2Ry =43 AL} pectinZ 9] thiAbE FEHH
o2 dojgriz sdvh 9 Huber[55]= 43
zd ¥ 84 pectind& galacturonic acid
o] ZAgPo] 6:1 H|EE FAE YT A
t}. Knee[6,40]9} Bartley[42]& At A8 Fol
3" 784 pectinFoHE BE I H2
w25k arabinose®} galactose ¥©] M EHAAM f
gt 9ok Bartley[4344]% pectin@ 9|
galactang EHE 4 9= ALE S-galactosid-
aseo|d, Al@zAe o] AZAE HIsHL W
APgHez dojvps AstEAdT o] galactose
9} arabinose”} 3BT %o, Knee[41]x
wall-bound enzyme& 3R o FAT 27
7} Yol e B uEgrh Bartley[44]x [F-galac
tosidase7} pectinde] &4 A3 galactand #
88t o =M polygalacturonasee] #&& Er} &
o3 A #HFe gge ot Bustach

2 =

e AEHFEZE pectin, cellulose, hemi-
cellulose T A TEtW Aol FHAY, Fwol

o o o]&AY FoE 3FE TR Ao

W, Z=Z=& FAs:=  pectind2  homo-
galacturonan¥  rhamnogalacturonan®] A5 4%
gl FARor  FAHY UL galactan,
arabinan == arabinogalactano] &AL

ek, Aol &7 AF Fol AA Hel EA

3= A TEEs]E 29 polygalacturonase, glycosk-
dase, pectinmethylesterase, cellulase &% &7}
4o Z7151 53] polygalacturonasedt f-ga-
lactosidase2] BAd¢] EvlEg} 2L ZEATE
FAo 4] AL Lr]o|Fo FAT] Ftste A3t
o Be oFake Frh AFxe FA HJEL pectin
2, cellulose, hemicellulose % ALY wizd=z +
Aol 9lon Fret EF wek 1 mAdE
ztol7b ik T dsk Fol AEE 74 A4
Bo] ¥z polygalacturoansed] 2)&] pectin@ o]
Bas]o] B polywonide® fEFHoEN
7484 pectin@o] Z7}3tm AEASIE 1, hemi-
celldose= N ZTEEA T2 o ZH=7= 3
1} pecting] 239 & A= FHHoR
B2aislo] ARastE} celluloses A9 A3}
g ez gAz vk Hdeo Az Fo
pectind 7} hemicellluose?] ZHZAF-L st U=
arabinogalactan®} galactano] A2 ¥ vhdfet &
A ¥ QAY B-galactosidasest T FE4o
ola] REa)Ho 2 arabinose?} galactose”} FT
th olatw) o] A A&H A FTo AE
WwRHE e B0l FUMER o) Axdd AE
W TR E] B Eo] AEY Faof WHIt
dojgo 2 Ayt ATk
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