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Abstract

This study was investigated to know changes of the cell wall components, cell wall degrading enzyme
activities and contents of soluble protein of strawberry during ripening and softening. The contents
of water soluble substances were slightly increased during ripening, but the contents of alcohol-
insoluble substances were not changed. The contents of pectin were not changed at green mature
and turning stage, while decreased after mature stage. The contents of alkali-soluble hemicellulose
and cellulose were increased during ripening and softening. The contents of water—soluble and salt—
soluble protein were not changed, but the content of cell wall protein was slightly decreased during
ripenig. The content of total protein was increased at turning stage, it is not changed after turning
stage. B—Galactosidase activity was increased during ripening, and pectinmethylesterase activity was
decreased at turning. Phenylalanine ammonia-lyase activity was changed up to mature stage, but
decreased at overripening stage. Polygalacturonase and cellulase activities were not detected at all
of ripening stages.

Key words: strawberry, B-galactosidase, protein, cell wall components

S o] A Eatel ]2 =E FElA]A d3E 24

h(2,3). B-Galactosidaset= A& U719} AA Fol

P49 Aste= g A 2 {F5 Fol Lol A Zo A EY R4S 2Hgsin ZeldeE Rt

2 3iahA] Wist 2y golut ot A} Soll G 3S vl o] 244 ek ojepu| @RS o) 3lo]
7124, AFEA O B2 oGS ) dste Aad o AR 2ol oo 2 g felAA A3E5 4
Zhel v a4 A5tz oEE s, 43 3= poly- 3t Ao 2 oA 9lrh4,5). Pectinmethylesterases
galacturonase, B-galactosidase, pectinmethylesterase, A ] &7 S FR A7l BAEA A3 274 S
cellulase, glycosidase 59 Al E Fal g2 & o 2.3 933 3h(6). Cellulases AEF 0 A2 p-14-
ot} o] 5 Al EY B a s ALY E£Hu FE glucoside A S Hallsled AlEw o] FF7t 3ake 3t
w2t &4 Wstel] 2beo7} 9lok(1). Polygalacturonaset= A 72| 5 Aol = 2 A Q) 8-S FA] S0l B
BENSY A dFe F1R B JIe FE & 2.3 v} 9lch(7). Phenylalanine ammonia-lyaset® 2

224 A" F 49 BTt Bahst 7] 2408 thabe] Belsts Ha2A L-sd e

511

"
To whom all correspondence should be addressed



30 o] %3 - G5 - AVIY - Aed - A

2] gojr]x uh-g-of 93} trans-o}7| At} NH, ) b
AL ZHste] D79 uta} o S FE Aoz
a7 Aek®).

il dzye AEg e FudEre s Hy
2 gtufa o2 FA s 9It}9,10). o] A ¥
A E¥ B384l polygalacturonase, glycosidase, cel-
lulase 5ol 98] F3=e] A A5 Ao] dofu}
A "B, 53] AlZxHe F2& P g0
AR X &ol o] Fal=Ee] ALAsH S48
2(12,13), FAl ol S ALE 3z = 2gdEe g}
ofzpu] e A7} fejdch(14).

=719 Avle A4 Bt ol A, A, A 8,
WE 27], S T2 EL] U8 502 71gE drig F
743taL QA R, A zA] o] W& stz Absr] 4
A A7 Fol FAA S DAH AHFA B2 FAA
< Zgc}

2 AFellre 2719 A A 7}3A F2A gt o]
HEA] & 5= 9l 7| 2A 80) H2let A E e 2] d3
Fo| A X PYAE AEY FEse] S43 71
A4 eizle] wH3lE zabslgdn)

Mz Ay

=z

2 AN E A 23T ddlelA] Auig v
%(Fragaria grandifiora, Ehrh.) %715 W% agH(q 4
) 7Eo2 $EH T 49AE Yol AR E
AHg-3tsd et

MzEHo| F& 9l Mz clotiol 235

Axy cigdFe] 232 Yamaki S(15)0] 33 o
ol ue} 3atd el 2Fol ol g2 sslod FASE
¥ TR LR A A A AR AL
AEZEEA B gt SF 844 SR g-amy-
lase®} proteaseE 7}3}ed 30°Cell 4] 24417} =& o}
+ A2 eEle] A 9L AAG AALE A
H AEez gt AEY A Ed NaClOps} Wl 24},
FHTE 713l 70°CAA EE3 F QAR A=A
AL gad 2oz sy, IS EDTA-2Nag
Heoll FEtA]A 80°C A 2] & oS LA B2l g Ao
< a2 g9 o, A}t ohA] KOHE Yol g
AlA Al E Foll YA AASL svjAER S
2 12 31t} 4] AALE KOHO 89414 siojad &
22213 FAdsA Helste | AER LA E B
35, e NS A B2 e~ B30 gt

Pectine| =& % M2t

H 7 o] 28L& Ben-Arie 5(16)°] 3§+ wha o) njz}
XY F 2344 B 2F4E 7ok 528 A
< 44 "oz sl Al 0.5% EDTA-2Na
4-9% rlete] 4413 21 & EDTASHA Hrleg 3
o, 844 geld g S gl g SR
g A& AEE st 44y RYEL 712nE n)
A AN w2t A Z4F 0.5mie} 34 3mle & &g
g ohg 2087 Fertdstn W2k Z) el carbazole
A 2f 100ulE 7}3te] 24]2F A A A 7] 18 530nmel| Al
¥4 %5 A8 galacturonic acid A o o &) &

B0l %5 Y ozl M

T84 A Ay Baast e $3L8 Hobson
5 (18)°] & upy o] e} HKof] ZANIEF P28
o4& 713t} ZA 8 A7) F NaCls IMe] HEE 73
AAE o}, o] FAAL U Ea)slo] gL AR AL
A7 AT g s A2y 252
GEEEA FAS Jarvis(19)9) uhy o ule) wlgt2 2
A At A ES AAS L, oA FREXEC R A
A A3 F AL A E FAA TSI AE RO
sl A2y Ao 252 A Ey RS 10mM
ZANEF 9344 FEA 7] oS A A polyga-
lacturonase’s 7}3led 30°Col|l A 24A17F F 44 2] s)e]
A4S Fa7 o5 73 A 281 g
9 ek AL Lowry 5(20)¢] ¥ o)) upz} s sfdc)

Bol g4 23

B-Galactosidase®] &A1& 7] p-nitrophenyl-8-
galactopyranoside® ¥33l= A= & A3t &,
10mM 2 EF 386 7] & =4 $940 0.2
% BSAS, #38HE 7lsle] A ERFY oS £
&g 7}3te] Wb§-A1F) 2, NazCOs&-2 Hrhsbe] ub
S AX AR F 410nmolH FFEE Al 5Ax
A o 2 vJehl gl o). Pectinmethylesterase?] #4-&
Y& 7ol A49E Jhela A E S e d
ImlE 7}l 30°CellA] wk-g-A1 70 F Abu-Sarra®} Abu-
Gouky(21)2] ¥y ol m}2} NaOH& 4 2.2 pH 7.00] &
W 74A] A A sted A& ehl ). Phenylalanine am-
monia-lyase®] 8412 Cheng Breen(8)2] W o o}



@18 45 - ARA dFAgel Bel Q7D AEH 4%, DA Q k2ol W 31

g L-Addaid, A ES g4 g4 &
§atod 30°Cel A uh-g-A17) ¥ 6N HCl-4-o o 2 whg- 3
A& Al7]1 2 290nmoll A FF =S &4 519 cinnamic
acid®] A EE F 434 22 Jehlgdnh Polyga-
lacturonase 84 £#-2 dinitrosalicylic acid(DNS) H]
A (22) wra} Pated YA G X E AE
3t} EAA 0 2 vpehigich Cellulase®] 8432 Pesis
5(23)9] Wby of) F3be] &4 5mldl| carboxymethyl
celluloseE &E3}51ed 30°CellA] BFH-8-A1A Ostwald vis-
cometerZ 108 712 2. 2 63 A5 & &4 alof W3R
EE A48 o= el

Zn ¥ o3

Mzee| ws

Table 1-2 4E 244 £4, 44 22 4 A2
Frege] Wsh g AR Aol 4F BEA #A% 4
44 B ke A% S W) gl Az
2] ek As Fol tha Faske A kol gdnh

A o] A3} ol bz BgA AT AT A Bo)
Zastn AxY 74 dFe A EAE dake] do
%tH24,25). Malis-Arad 5-(26)-& dWHE Enl o] 4
% Foll &F E4A4 EAo] AR T HelF Evle
£ FRY ML goby B askgch o] 5] Wt A
F ¥ 23 %49l polygalacturonase, cellulase, glyco-
sidase 5ol &3 M EHo] 2oz Az A&
< oty 44 4L F7kskA ®0H10). Knee
2N invitrodl A EvtE 2} Alate] polygalacturo-
nase® 2|5t & o) AlEH HEE Pastn 44
4L Rtk y B aslgde)

wefA] B oA @]9 polygalcturoarasest
cellulased] FAL ¢l d2& 44 £ 7144
242 T3 HEvt o] Wil AEy AR 74
= 2718 v el B Al Ao Az

Table 1. Changes in the contents of alcohol~insoluble,
water—soluble and cell wall substance in straw—
berries during ripening

(g/100g~fr. wt.)

Stages Alcohol-insoluble Water-soluble Cell wall

g substance substance substance
MG 1.61 0.95 0.66
T 1.58 0.95 0.63
R 155 1.00 0.55
OR 1.53 1.05 0.48

MG: Mature green stage, T: Tuming stage, R: Ripening
stage, OR: Overripening stage
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Table 2. Changes in the contents of cell wall polysac—
charides in strawberries during ripening
(mg/g cell wall)

Cell wall Stages”
polysaccharides MG T R OR
Lignin 136.36 9523 9090 6250
Pectin 28787 2871 23636 208.33
Alkali-soluble 17878 18253 21454 250.00
hemicellulose 1
Alkali-soluble

. 17121 18095 18545 23958
hemicellulose I
Cellulose 22127 25396 29090 34375

I)Symbols of stage are the same as in Table 1
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Table 3. Changes in the contents of pectic substances
in strawberries during ripening
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Table 5. Changes in activity of cell wall degrading en—
zymes in strawberries during ripening

b Pectic substances®(mg /100mg-AIS®)

Stage
WSP VSP IPS TPS
MG 5.07 1.91 3.25 10.23
T 519 1.29 4.89 11.38
R 534 1.71 515 12.20
OR 6.10 2.49 3.00 11.59

YSymbols of stage are the same as in Table 1
PWSP: Water-soluble pectin, VSP: Versene-soluble pectin,

ISP: Insolubole pectin, TPS: Total pectic substance
YAIS: Alcohol-insoluble substance
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Table 4. Changes in the content of protein in straw—
berries during ripening

Protein contents(mg/100g-fr.wt.)
1)
Stages” Water-soluble Salt-soluble Cell wall Total

protein protein protein
MG 4576 34.04 717 79.80
T 46.49 33.02 6.47 85.98
R 46.98 3242 475 84.15
OR 47.09 34.76 4.88 86.73

l)Symbols of stage are the same as in Table 1

Stagesl)

Enzyme acitivities MG T R OR

- 7
B-Galactosidase 311 457 587 585

Pectinmethylesterasea’

Polygalacturonase 2-759 1.10 1.40 1.40
Cellulase nd nd nd nd
Phenylalanine nd nd nd nd

528 556 560 425

. 4)
ammonia-lyase

1)Symbols of stage are the same as in Table 1

?0ne unit of activity is expressed as 1 mmol of p—nitro-
phenyl-B-galactopyronoseide degraded for 15min at 30°C

®One unit of acitivity is expressed as a milliequlivalent
of ester hydrolysed per minute per 100g of fresh weight
at 30°C

“One unit of activity is defined as the amount of enzyme
required for the formation of 1 mol of cinnamic acid for
1 hour at 30°C
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