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Summary

The effects on the quality affecting with the softening phenomenon
of citrus fruits during storage were investigated. Satsuma mandarin (C.
unshiu Marc. var. miyagawa) was stored at 4C and 85% relative
humidity, and then the changes of firmness, pectin degrading enzymes
activity, pectin content and other physicochemical properties of citrus
fruits were analysed during storage.

Decay ratio was increased to 87.50% gradually during long-term
storage, weight loss was decreased to 24.50% gradually. Firmness
with each 2mm, 3mm, 5mm and 6 mm probe were decreased from
538.9 g-force to 336.9 g-force, from 734.8 g-force to 485.0 g-force, from
1,144.7 g-force to 1,103.7 g-force, and from 1,308.2 g-force to 1,037.8 g-
force during storage, respectively.

Moisture content of fruits was decreased ; peel moisture was de-—
creased from 75.78% to 72.64%, and flesh moisture was decreased
from 90.33% to 88.29% during storage. Firmness of fruits with 2mm
probe was decreased quickly from 1,176.8 g-force to 503.6 g—force
during ripening, and moisture contents were decreased from 75.30% to
74.93% in peel, and from 91.83% to 90.72% during ripening, re-
spectively,

Exo-polygalacturonase (Exo-PGase) of peel and flesh were incre-
ased from 325.95units/100g to 534.94 units/100g, and from 63.14
units/100 g to 80.99 units/100g at 90day’s storage, respectively. After
then, the enzyme activities were decreased from 393.98 units/100 g and

38.01 units/100 g, respectively.



Pectinmethylesterase (PEase) of peel and flesh were increased from
14.4 units/ml to 38.8 units/ml, and from 26.0 units/ml to 39.0 units/ml at
60 day’s storage, respectively. After then, the enzyme activities were
decreased to 6.0 units/ml and 8.2 units/ml respectively. Endo-polygalac
-turonase (Endo-PGase) activities were not changed notablely during
storage.

Alcohol-insoluble solids (AIS) of peel and flesh were decreased
guickly from 27.04 g/100g to 12.3g/100 g, and from 2.67g/100g to 1.91
g/100 g during ripening of fruits. During storage, AIS were decreased
from 13.41g/100g to 12.06g/100g in peel, and from 2.17g/100g to
1.49 g/100 g in flesh, respectively.

Water soluble pectin (WSP) contents of peel and flesh were incre
~-ased from 3.69 mg/100 mg as to 4.85mg/100 mg ais, and from 2.17 mg
/100 mg-a1s to 3.36 mg/100 mg-a1s during storage. During ripening of
fruits, WSP contents were increased from 1.56 mg/100 mg as to 3.54
mg/100 mg-as, and from 1.18 mg/100mg ais to 2.07 mg/100 mg-ars, re-
spectively.

Hexametaphosphate soluble pectin (HMP) contents and Hydrochloric
acid soluble pectin (HSP) contents of peel were decreased 2.37 mg/100
mg-as, 3.30 mg/100 mg-ais, flesh were decreased 2.75mg/100 mg-ars,
0.97 mg/100 mg -a1s at 30day’s storage, respectively. After then, It were
not changed notablely. During ripening of fruits, HMP contents and
HSP contents of peel were decreased from 2.75mg/100 mg-a1s to 3.37
mg/100 mg-ais, and from 2.15mg/100 mg-as to 1.23mg/100 mg-a1s, re-
spectively. Fruits were decreased from 2.75mg/100 mg-ais to 3.37mg
/100 mg-a1s, and from 3.77mg/100mg-ais to 2.33mg/100 mg-ais, re-
spectively.

Total pectin substance (TPS) contents of peel and flesh were 8.99

mg/100 mg a5, 5.92 mg/100 mg-a1s at 30day’s storage, respectively.
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After then, It were not changed notablely. During ripening of fruits,
TPS contents were changed notablely from 11.48 mg/100 mg as to 1.11
mg/100 mg as in peel, but were decreased from 9.76 mg/100 mg-a;s to
7.12mg/100 mg ais in flesh, quickly. Order of composition ratio of
pectin was WSP > HSP ) HMP.



TN E 2@ PEE AP AFmAM % AAHAo Y
1911 o] % &FWUz, g0 EYHPAN B4R Auirt o] FoiA
. $Hvee] FEe AAd RAZANA F NPz HHdd A3
i gleiAM, 714z 9% & Hol ol 21 FF: AFE T M R
2xfA AYE F AT mandarinAQ SFPPo] FFE o]F 3 Yuh
259z AW2EE 16T/ H2on, -5T7/AA Ad 5 AW (F,
1997).

1960 B8l FAZE7) ARF AFE BIFUde +39 F7, A
Ay Sote Auried FFoez AVFE dd Frhsn oy, 4
BE Aol 60LEd ol2dN YAdEe mANE HNIdE Hz
Atk oz A% ZtFdgez AP FALT L3 FLHNE FHA
.

AFAGe A2Ade A4H FEWE F2Fe Anve #E9
AL Ftol Hete 2 Gort o] FojA A Fol, BF =AE AF A
Z, 7t % 5 AUdAA &¥7AA FHH BLAY AAR AL
d drte del 7HT Aok 53] FEAYGA YN AFAA 299
o SR & JEd dLe FPo] FAH #FE AT TEHeL
2H BEFZEE o £ UAE ALAR Jled HEH d&%E 9%
AlFE de] & Aoy

dzRe HAde FET v gt JFNT BoplME AdA,
AES7HA, A3dAA o2 99 o450, oty E A1,
AZA, AZAT &84 R dAdE AU e Rez LA U
(3 5, 1998).

Hde Afc vWSAHAN SFHE HojHE J4HARAM d9



b 71ZAE FANAAT, &5V olF AA g §F FTAM EAH
2lEdg uAg By oojy HAR FHE FUANIZ AZYA F
g "dojzmaga FH QAo ALt oy dde 4H o &4
e AEYH RHEA AL st AXEY HEe] EaEo dojy
o, AExy FAARY] 24D g, Ax EHaLed FF, deqd @
¥, pHol 93¢ &= (& F, 199).

Pectin2 120d AFE ¢8ixn, AfALGE FE=AE wEd
ZHog AEgEn Atk (Owens T, 1944). FA 7 ok 59 & x3
A HAA FHHe] AT TEAEZL Pectin EFolIdn HYdse, A4
g =AM AXzAL YAY&1 Atk Pectin EH-E poly-
galacturonic acid®l methylester3d = #Ho} v}, 182588 =329 Bra-
connote] o3 LAHZPLW, 72 EHE F&F Fo pectino) g PY A
ohooj & a8 209l PektosAoh (¥, 1986a). B A FFA, &3 #
A 7HEES AzoE A FsA AL FAE vHo| Qoy, A4
THE REFAY AWHA ARE FA37 A% pecting AHEF £
At (5, 1986b).

Fd9 Y F4HEL pectind, cellulose, hemicellulose, A X3
did2 7450 e, HEY dFFt o 90~95%E A2 @
WAL of 5~10% FEoY TR EFA wE 1 2HdE HeA d
k. Pectin@d 3} hemicellulose: galactan, arabinan %= arabinogalactan
ol &3 A3 I F AlelE M2 ARz ).

#H9 dzle] #AsE AAE polygalacturonase, pectinmethyl-
esterase, cellulase, glycosidase &) Yoem, o|% FAE HAA9 A=
F4ate <ol 40 F%Y, 53 polygalacturonase:s A ¥EW 2
middle lamellad TA4L ¢ HALALE EHAA ARAHH SHFe
2 dgd WAL Fastn 44 WEde) FsA =, o] 9
A x99 middle lamella?l §8H0] A3 2338 (A 5, 199).

Polygalacturonase (PGase)¥ 3 /%443 A4 Y d5d 7134 2L 9
FE FT RA22ZA AYPe) FAYEQ F=BHFFIYL BAGg AR

(lF

of
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p2

19l Zel92tol=g FUAA A8E FA@Y. F-galactosidsaste A
& 2| Y Fo Fa¢ AEXY FHEAALZ FEEH, TYHTAFE
do 24 A% dedd ofHdn RS st AFELAYG of
gH e 2E HFIYANA A8 e AR ddA Uu (o] F,
1998).

Endo-polygalacturonase (Endo-PGase)t vl & Hdol e &4 A
oo $ vow, Aza QA3Y we A3 FrtEv. PGaseol Wid H
22 AT ¥%< endo-PGase isoenzme2] EAj9} Aalsarz EAo %

€ 53 . 19223 ¢ AtdtelM 7H8 A pectin@o] F7HFGA
Bag ol# o7 FgAEL &4 pectindo] 7t&4 pectind 2 A
71 B BE&A pectinB S T2 7FEA pectin?d F7Hs A, 7144
pectind ol & F4 @FFA v &o ¥rtn FAHA T, 1996).

2 gx2 Yol A3 c PGasest PEase’t ittt PGasew #relstz2 %
2717 EA%Ee Y BAE Bt AFAHLE JEZAYE 487
T ReE, Ad F9 UEANVNE EHANA fE Fl2BAVE BAHsE
%S . may AExAH AR L WA D PGased I & &
4 A7 &= wd, PEased FAHANP22ZMN, o] Ca”? o] &3 cross-
link-age& HA43A dodof st Aoz dAA v (4 F, 1996 A
%, 1993).

1970 o] o3 AFAEL pectind 9 7148 AL HH Fo &
Ad= PGased Z & 710@ Aol&x AT, Endo-PGase, exo-
PGase® E% /@ oqY EFote 4% Fo 7184 pectindo] ¥
ol F7h3v, endo-PGasedl ®|Ael 22 FA¥NAY Heeors dAste
pectind 9] 7} €87t w9 AHA deEdga 2nsge (A F, 1996).

A3t e] A 9-E endo-PGase®E ¥#3A &3, exo-PGase? #Hdtx
A7l W& pectinF o] 7H&59 A7t v A AWEHo] AFA el
g, #49 Jd53 A3 Fo pectinF 9 W2 PGasedt WHT #A
b ek At#el MEZHozRE PGase, ¥4 ©W@F, Axd g¥i g
L3381, E pectinHF @A) glycopeptider protease$}t glycanase

N
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o & Eals =HA Fevtn G (A F, 1996).

A4 EvtE9 Wol#FQ rin EvtES A XY TFHF ALY AFddA
A4 EvtEdq ME pectind e 71g39t g Eo galactose®t arabinose?}
50% 2% ¥ rin EvtES A E pectinZ 9] 7143 4L dortA
2kt 28U galactose$t arabinoseT 40% #H4dATiE AHAEYH
4 2 ALY pectinF e dAE EPFH R dojddn FAG. AF
Fo 88 $£44 pectin@ & galacturonic acide]l FAZe] 6 : 1 v &
2 T4 vk A A3 Fo /¥ FE44 pectindAME v F 2
S F% e FAT arabinose?t galactose F°] AEWAAM fFEdn 3R
123

Pectin? ¢ galactang E ¥ $ A& HAE F-galactosidaseo] 1L
AL Ao o] EAE ANHRAL W AFHE Yojue dHALH
Ze°] galactose®} arabinose’t FE®ETx2 Ik, EF, wall-bound
enzymed AHIYHAE W FTAF AAJ dojd & rRudAT. 4
-galactosidase?} pectin@ 2| F M A% galactans R AT L ZM PGase
o #A4& Bt 4A AFES 4¥ S Fd HasfAY (A F, 1996).

Pectinmethylesterase (PEase)= LS4 &0 48 EXHo oH, o
FE9 #AE SA . PEaser ¥ HEr|& FyAIe B4R
A dg 27)d Fa% A& @ (o] F, 1998). #4 9 PEased A
& A% Fo FEd dFHA FAAAY FAE, g B2EH F
A FAe Az #As AeR BAHIL YUY,

PEaset™ PGase®t Zo] ¥& HAgAM o2 isoenzyme B Z SAT
t}. PEase® Ml X499 PGase? methoxyl?]| & A A3Y PGased &4 &
A4 dFe 8L At AEHY pectin@ 8 methylationd] F=+ @
g Fo dAINA FAEAF. Thakur § (1996)2 HHo] YAH H&=HE

T FAHE HAQ PEase’} B4 pectin®l 9 3 demethoxylates’t ¥},
PGased] Q& 713 $£& 71Ao] ¥ demethoxylates M9 & #4 F 2o
beE e g HEggozAN IS 2] AAANA Y AREF] FA
EostA 9% A,
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e Aol P AF= EvE, ofiIE, AAF TE PR
Bol d7Hed, F2 Axde 72 AXY 74 Y} =4, 4%
I AF Fo ol AXY T4 AR WEs HEY FRAELEY
293 A9 W adq oE LY FE/FE TR 2HL
Fa .

dAste] Axe MEY FHEre A7 AEY FH A& 243
AUy, 989 A5FL, dFF 2V, 4 A2EY Az £ A
T, #2248 Ax, 2E9 §Fd %L gEr}.

ol UM E AFAGae JAHI) o Eo & Fokd n
# A7t WFF Holn, dY AFAEA g8 FE HALEF W3
of B¢ AdFE B39 FRAAE dd EHARE AMNHALY A
AFANAAA P4 A2FS 9z 2 Ay 224U A2
Eaaise 4o A ENAEI o AAoln old wmE EF
g 5 e AFN gEFY H9E% 2 4I8H EAA AXY &3
B2 AP0 oy EMABRE Y BE od Bt FF £A9
olgt 4% E HEY Yot gl gAdM B AFE FERY AF F @
AL FTYRLZAN oF AAANE & AL FHE ) A% xA
TF2AN FYHUAY. F, SFAHY AR A& T A4 @wF Azs
HEol od #AFE AP BAQ AXY PHAL A B
o A Fo AEI}AT.
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n. As ¢ 94y

1. A4 &

2 A9 A8E AsE AFE 998 dddA AddE H=EA
(C. unshiu Marc. var. mivagawa)E A 8Z 931 277 61l mm~T77
mm¢l A-g ALgdte], ZFANER] H&A G 19989 129 219 %-H
199913 5¥9 1597hx AFEAAN 169 HHoz HIFE &7 4~5744
EHAEE AL

2. AHYY

1) A44d Ay

AZFEE A 1,3008 (FEFE 71 F 0.05%) £ 28 A
A td FAsAG. A>AZ A sy A AF(EF AP @
F 7 AT #ZEFL £Fc 2619 FE2Y HAdoeldeo ¢ 12kg
(20container)¥ ‘¢ 9t}

2) AF=zA

WHFko] 160X190x235cm Ao WHEEE 3+05CT7 &
5 zAsqen, JUEEE 8512%7 HEE 2AY £ U= BEAY
gl AAP ALAFRAM A

3) 2439
1) A& $FT4
AZ71 T dAde FHEe Jog2 A3 2844 12ke)e) W&
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2A5Y R 24 YRS SPon, H49 FIPaE A
Aol 2% 1079 HUE AR 474 $FE 159 oz &3
#93, 2719 A WY Y TS 4¢ FAE 27 FFo
WE F Z2FF AR G

2 4 =

HFAe ZAxe Ao 42 2mm, 3mm, 5mm, 6 mm probe’t ¥ & ®
texture analyzer (model TA-XT2, England)& Al£3le 53+ 299 7
=8 S F, Jdgd HAaFdE A9F HFH (g-force)e. 2 EY
At

3) HAMNgH FEET

AN ge ZAANZEZ 99} H5e BAY 9 Ao £ &
Aot B4 2P0 Y@ YR ST FAHQON, 4¥ ¥Fe I NEE
Q4G Hetol 105C AZHol o8 2HHATt.

(4) ¢RLELAY 1YE (AIS)Y A F

EE  (1986)c] #F T wa ZFANEE AMAs, o7)q 99%
det&e 2~3w Zhstd 158} HF WHZVeA #FA F Wsn
Buchner #7112 FY o FANH}. FAE motordl A vl ¢ F =AE
70% AESE AHE8td A7) &7z, 434 F FEFHHAG. G w0l
ol A H, 99% olgE2 Aol AFF 200ml Hlo]Ad HAE &2
e, A0y d@gs dHRd F FFY F¢ Y AZAA AISE
7 % g ot

(5) Aze %z

a9 F&& & F(1995)] AT Wye wet AR 200g9 FHF
400mlE 78t #ARRE b FA e 1M HEE NaClg 718l pH
6.2 %30l 3A17 Fot T ¥ miraclothtt ARE A3stod F23}
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Avt. F2 ¢ o dYgd 85% (NH.)250.2 A& fAResn, A3E
€ 015N NaCl &9 48A1zF FA % & 12000rpm=2 Q4 E2] ¢
ARAdeE zgasN02 Fdg BE 49 2L 4CAA e,

(6) Exo-polygalacturonase (Exo-PGase)2 &4

Exo-PGase®] #4¢ &AL & F (19959 ¥R &34, &, &
ARbE2 1% PGase &9 200 L8} F 74 100 p Lo EF Qo 549
100 «LE 7F8to 30T A 30220 &-¢A2 tF, 100mM borate &9 2
mi& '3 98-S AAAZHAYG. 1% 2-cyancacetamide £ 400 ¢ LE
7hated F EFst, 1080 #QA F WAsd 276nmd M F3=E &
3 ot

PGases) 4L 30TAA 308 &l 1lmoled] YIS B4}
BEAFE lunit? dAow, & Yo o3 2284 L AU

EAE4 (units/100g) = A ¥ B X 100/C x 1,000

A EEFAAAN Fg A42d 01 el 9 F4 galacturonase
& (uL)

B : #Au<

C:EAF2d A4 229 £ (g)

(7) Endo-polygalacturonase (Endo-PGase)
E29 100mlE Hlo]A 4 ol spindle (No.l), motor speed® 122
8l9], Viscometer (Model DV-T, US.A)AE =343 %,

(8) Pectinmethylesterase (PEase)?] #4

PEased #4949 A& 3 % (1998)9 titrimetric assay®< 3%
HPo2 #dck F, 01M NaClg& T @3t 1% pectind 9 10mld]
ZEAT 1mlE 789 147 B9 40ToAA wge A7 g 1083
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7tdste] weg AXNAHD, Blankst F2H524e pH 8744 002N
NaOH=Z A A3},

Blankt W$& X714 & £42 Agsd 2 dyoz 2
Hom, PEase® &4 ©HE 40CTAAN 1A% F¢ 9842 7184 o
Fol 208 F3o AL} &S 1moleZ 3+ AAE 1unitszhtn 3.

(9 #dde &9 2 3F

A BHL ME F (1986) Feol F3 W wa) AIS 1go &
Fo 200mlEg 718t F&£% AL £84 ¥ (water soluble pectin;
WSP)2 2 3ttt ZtAlel 4% hexametaposphate €9 25mlE& 7}&
AA 8%E 260mlz 2 o AT gAg dAGEJAN 449"
(hexametaposphate soluble pectin; HMP)2. 2 & ¢ t}.

F47H84 # ¥ (hydrochloric acid soluble pectin; HSP)& Y& A}
€ 005N g4 #=7F 5J=& IN HCl| €9 10mIg 71§ H, F74E
7tatel HEE FFol 200ge] HEE . 8F WA g BAE o
S8 oA 1AL 719d F 342 gL 9339 250mlzt H
5% gtE o8& HSPE &t

Zketel ¥ ¥ &L Carbazole B4 (i, 1992)0) et 2 A g8 05
mlst JE F4 3mlE T EFE g 208D FH4GE 2 yANH G,
o 7]l carbazole Al %k 100 4uL& 7}8ted 241k B¢ AAANYD o2 530
nmAll X FFEE ZFA3 galacturonic acid FFA A o3 FFL A&
3 ot

Pectin content (mg/100 g—fruits) = Y X Yl x A/B X 1,000

Y EETHAA F& F&d 05ml ¥ T4 galacturonic acid® %
(xL)

A:gd3g 2844 n8E (AIS)Y %(g).

B: g F&o AL AIS FA(g).

._17_



m. 23 2 »3&

1. 429 243 54

AgREY AYgAF, dA5A, #F, uF, #3&L& Table 14 Y&
Wk FH2AY AYAFE= 11994 1317122 sd¥8e] FHE
Astn Qed, 1 501995 TA=YY FF AFAFI 1288 Rad
A#% g2y o zoj7t gl AR ey

B ge WE A4 43 AF 7599 37.29% 2 M E¥A YE
g AL AdETE 21.76~2600%% 2 WEHE A, ol HAHA T
Walel dAsE Ag A b AFAert 245 H9E&r A e
s o},

Table 1.Physical properties of Satsuma mandarin during storage.

Storage
15 30 45 60 75 9 105 120 13 150
days

I.viir?thﬂ/l 65.54/ 63.15/ 65.04/ 70.18/ 65.35/ 66.38/ 66.25/ 67.94/ 75.34/ 70.06/ 72.50/
(rnr%r]) 53.14 52.80 5447 5611 5255 50.52 5269 53.70 69.66 5558 57.10

Fruit

. 123 120 119 127 124 131 126 126 108 126 127
index

Peel
Thickness 232 219 281 268 231 245 228 255 226 278 298

(mm)

Fruit
w(ei ht 1310 1063 1263 1439 1201 1193 1139 1226 1299 1176 1281
g

Specific .
gravity 089 083 083 087 087 076 077 082 071 076 089

Rate of

(I;n)d 21776 19.89 19.87 20.72 2027 37.29 2251 2351 23.12 2442 26.00
0
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2. 329 93834 54

Table 25 THZAY AF 5 714428 F (°Brix), pH, 4t %%, 2
e, 9, #9433 weR Co ¥ g Jetddd. £ F (1991 AF
A Zge HF 44 YE 9~10°Brixdtn P, £ 4 T (1997)
€ 10~12°Brix# a1 3 ew, i F (19952 A=A FF &4z
¥Eo] 107°Brixdgtx Husddo B AL A% F 44 YE
o] 9.47~11.37°BrixZ 3l ¥ +=d B1g & Adgds & o7 gy,
o gto) pHY F3& ZhZ 31300 M 4.23%7AAZ, 7.7991 4 9.38% 7t A 2
ZhAAY, F40 @93 4 09794 0.38%7H AR, 2.7300 A
257% 7t A2 FAst ot

Table 2. Physicochemical properties of Satsuma mandarin during

storage.
St
orage 5 30 4 60 75 80 105 120 135 150
days
Soluble

solids 9.83 947 963 1021 1024 98 961 976 1064 999 1137
( °Brix)

pH 313 349 362 387 346 368 363 389 394 419 423

Acid
C(();b)ent 097 08 079 070 08 076 077 053 053 057 038
[+

Brix/acid 1013 1076 1219 1459 1280 1296 1248 1842 2008 1753 895

Total

sugar(o) 779 775 751 798 837 755 773 815 902 809 938

Reducing
sugar (%) 249 273 271 275 28 222 241 272 261 256 257

Ascorbic
acid 4884 3897 4052 4768 4778 4924 4408 4043 nd" 4149 4476
(mg/100 g)

* nd : Not determined
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THAzA Bag 2 FEFFALE Fig. 19 2ok, 2Ee9 £ AR
1595 H Yy AR 34 A2 &3, 299 #E)
4 A By Fd 29U FHA @ F¥ Fo] Fa 2o
g & 3tk A 304FHE FAAZ A% R wHEr] AF
e, ol Wi HFE FEF FAGA Hol FuH dgo] i
A Aoz doddd. ARF7N F AgeA HE FEFFoH, ANFH
oY, &5HE Fo] ¥ FAUG. AF 604dFEE 438 FHE
4SS EAT (A, 1996).

90

a0

60 | {120
3 9
r=3
§ [
P =)
g S
a =

30 | 4 10

0 0

0 15 30 4 60 75 80 105 120 135 150
Storage day

Fig. 1. Changes in decay ratio and weight loss of Satsuma

mandarin during storage.

-O- Weight loss, -l - Decay ratio



A7l e FFEFALE 0 2450% A2 DA FA3A
o119 109 58F FFE 13693 F24M AZE A} 202%9 F
Fgzra7h dolwti, 114 309 S8 1159% LM AZY A
17.8% ##o] HAIGE B vl At (, 1996).

4. Ax=¢% & &2

AZdde AMEE Hrst7] st Ade] A W 8 &F

°] WaE Fig. 29 Fig. 4(a)l Y& WA}, Fig. 33 Fig. 4(b)ol = 2 &
o A% F 429 AE ¥e £ €79 38 veuyd.

1800

1200 |

Firmness{g—-force)

0 15 K 1] 45 60 7 20 105 120 135 10
Storage days

Fig.2. Changes in firmness of Satsuma mandarin during storage.

-@-2mm probe, -l-3 mm probe, -[J- 5mm probe, -O- 6 mm probe
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2 AgoMdE 2 2mm, 3mm, 5mm, 6mm probeE FF3HG AL
o WsE ZAsAt. Probed 7ol 6mm2 AAFE =T AR
g, ol ZEd W dAHo ARV WEolth

A% Wale A o AF7%] 2AAFE 2mme 6 mm probe’t
2} 7t 597.3 g-forcedl A 3369 g-force7t A £, 1,308.2 g-forcedl A 1,037.8
g-force7t A &2 @wtatA RolA . A% FAt 2mm probeZ A8
Vel gho)l 1176.8 g—forcedl A 503.6 g-forcez F43 #AddHAY. F
A Fod @29 BrE REd #2HE RAFEUv Fig. 164 BE
uho} o] Ry &eol Frkee R, Fig. 29 BEZ wolAe AL 4
3R gloM #Ee A g of FAAZFHo KA dojnvi
ATE & F AN

Fig. 4& Zt7 A %3 AR § £8F %9 938 dguind. 45
T wEe Ay A{o]l 2+ 753%N M 7493% 2, 91.83%N A 90.72%
2 G FAasAY. F4LE ¢ FAE ALHE IFFEoR e

1600

1200

800

Firmness(g-force)

400 |

9/24 10/9 10/ 22 11/5 11/19 12/3
Havest time

Fig. 3. Change of firmness Satsuma mandarin during ripening.

-@®- 2mm probe
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Fig. 4. Changes in moisture of Satsuma mandarin during ripening
(a) and storage (b).
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2o Wsl ¢ Auzdy £EZF U0 dojuntn NG (A, 1996). A%
& &9 AN (dR)2 A3 159 ¥z FL2HUYE FES AF
717vel] wet wmet FHol zZ+Z 75.78%00 A 72.64% 7t A 2, 90.33% Al Al
88.29% 7t A & °kz Z+AE th.

5, 43 ZEELAH 1P E (AIS) 4F

Hd 7t A2FEREH Aoy ¢ EELY LYELS FE pectin,
hemicelluloes, cellulose F9 HlFE4£A4% RAZAEZ 7AH o
o, Adde 53 #Hhe gFe] ¥vh 279 AAE FH1 A9 Fo
TS 8 2FEAY9 albedo 3 K AEel dF £HH flavedo &
08 olFolx glx, ol 2% & F3d F¥Gn @ olF 27HA F &
Mz ZE3tA HE Zzte] B4 2E F88AS 44 £, 5
7 AA dd (% F, 1996).

Fig. 5% #8 4<% A% 3 93 ¢E 44 23889 AE Ve
At o] F(1998) HHe] & g Fo ¢RSELY ELAA AR
W O AEe #AA¥vdn HadE AR el RE A% F Aue} (Ko
Z}Z} 27.04g/100gol A 123¢g/100gE, 267g/100go A 191g/100g2 &
o2 Zaddn. A3 Fode AN HAgo ZZF 1432g/100 g0 A4
12.06g/100 g7k A1 2, 2.15g/100gN A 149g/100g7H A2 3+ ZF 28R
ooEls GEH Aol A%AEe ZERG u o4 ®Wo| el

Ao A& At T dBeELHY BH) BaEE RS ARy
Base Fgo s B84 2EAERA] 71E4 AREA £
A&HU7 AEolTh EvtES A% A% Fo dz2EE4 B4 7
28 A%, HolF EviEqAE FRE Ws guvtn Rasdo (&
%, 1995). EE T (19872 A& Fo FAANA 129 F9 AIS7 99 &
o AISECT 17v) 74% ol m 10% o4 Xolg BT P Ed,
¥ Ad¥e 273 o9 {fAsHAT,
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Fig. 5. Changes in alcohol insoluble solid of Satsuma mandrin
during ripening (a) and storage (b).
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6. Pectinmethylesterase (PEase)9] &4

PEaset: LS & 93 EEH glon g AL &4
o}, 349 PEased 42 A% Fo T/t dASA FRADAL 3
A%H, 08 AAEN @4 AFd9 Afd Ao Aoz RaFH 3
(A 5, 1996). PEase™ PGases} 2ol W& TH4doAM o2 isoenzyme
Y2 At S HdoA PEased €87 & 4L A9 #d
o] flv Be& MAEY did #dse Aelztz AT (A F, 1996).
PEase= AlX 9 ¢ polygalacturone® methoxyl7]l & AlAS o PGased
488 4AA dAFE 92 @

P E activity{urts/ml}

—

0 16 0 45 0 75 [ o] 106 120 136 190
Storage days

Fig. 6. Changes in pectinmethylesterase activity of Satsuma

mandarin during storage.

-~ Flesh, -l - Peel
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obpstE el A$E climacteric Aol &Ao] Hulxo] =gatx, ofF
o F43 Fadtod = FHdM 50%Fx AN SAdn 3 A
€ ZATEN £&7% AHVIE & F AT FAL (A F, 1996).

Liu 5 (1992)2 PEase @4o] 2x2 Wzle] wa} 45C~85TC2 &
#2 A2¥d 93, Cameron T (1994)& 95C7+A PEase ¥4 &
ZHA g Rt

Fig. 6& Z¥ AF Fo| PEase ¥49 W& vt s
F&2 24 AF 6097+A  19.6 units/mioll A 39.0 units/ml7Zt A =2, 2.0
units/mlol A 388 units/mI7t A2 F74& A1, AF 15047 A & ZzH 3.2
units/ml# 6.0 units/mlE 44 ZAd vt A F (19969 Hid) 9 &9
I MEHYE pectin methylations] A=t A3 Fd dAsA HFAL
gx e, 2 449 Adge Aozt g

7. Endo-polygalacturonase (Endo-PGase)? &4

Pectind E A AT PGaseel®, FHY=2+= FAL3+E endo FH S
o FEEE exo FHIF EAGG FH. #U FFHYG FFO
12} endo-PGase, exo-PGase®l Aol Zol7t v, &, 289 B4
258 4 AL Bgol, W), 2], vy muef Fo] gloy o F
exo-PGaseZl pectind E &AM AT A4 o, vy, Y4 B3
of, utef Folth, 1#y AtFHoE exo-PGasedt EAETG R HI1dY
oA B, 1996).

Table 3% Z& A3 F°l endo-PGased W& ety Endo-
PGasex Fla#ddAEs &40 AU dg von, Y43 A3y o
A 4% Z71ddn Rasged (A F, 1996), ¥ AP 3339
A& ol 242t 0.5%~04%, 05% ~0.3%2 A9 =e)7t gLt
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Table 3. Changes in endo-polygalacturonase activity of Satsuma

mandarin during storage (%).

Storage
0 15 30 45 60 (45] 90 105 120 135 150
days
Peel 0.3 0.5 0.6 0.5 0.5 0.5 0.5 0.4 0.5 0.4 04
Flesh 04 05 0.6 04 05 0.6 0.6 0.4 05 0.3 0.3

8. Exo-polygalacturonase (Exo-PGase) &4 2] w3}

TEASY B9 $9 dalfLE A 29 FS B2 479 o
4o] ® PGaset A X¥¢ middle lamella& 43 pectind-& £33
o A& A9 polyuronideE ®|AAH HdE ZYdet g9 G HH
o e endo H7 exo o2 FEHL, FAFo|Y FE AFLE Fo
o7t = 270 (PGL, PG2), £ 371 (PG1, PG2A, PG 2B)¢] isoenz-
ymel 2 o] FolA glow, & AsdAd mat 2 isoenzyme E4
g B,

PGased] &4 " &AM w9 FAY Ao yeval gou, #4
o d=or FA3 F7tetd AFdHE A7 T E wA debdd.
ol A3 F PGased BA F/E AP A Axy dyd
o e ARAN AdTE v (M F, 1997).

Exo0-PGase¥* protopectinase?] 4 F o2 A EZzrdHgdogz iy ¥Hg
S HEEH, AEY oo #Ass AN EF uPEo] ®Bol EA
gt (o] F, 1999). Galacturonic acid % 23 & %% HClY 93 A&
25 fd9 pectindl X $AY § 9} (Speirs F, 1980).

PGase® &4 F7t= #4Qol A& wet PGaseZt AA oA A
#4d3 i MEYe glycoprotein EIZ AFHo U= v|FAY



o] PGase’t frelHlo] 49z A§HY AEY Aoz 44 Yo
(& %, 1995).

Fig. 7& #E9 AF F 43tel 9% & v AxY Bilaxg
exo-PGase ¥4 WHE Yl AY. Exo-PGase 842 FyoA A%
90 7+ A 325.95 units/100 mgol A 534.94 units/100 mg 74 X 2, # KX 6
3.14 units/100 mgol A 534.94 units/100 mg7t A1 & ztzt Z718& &zt A
24 150Y 9l = 393.98 units/100 mg$ 38.01 units/100mg2 FA 3 %L E
sk o) B A5 AF Fo PGase 4o F/EdE R1
& F, 1995)8t = Y Aelrt AN

8

Peel Exo-P G activity{units/100g)
8
Flesh Exo-P G activity{units/100g)

1] 15 20 45 60 7S 90 105 120 135 150
Storage days

Fig. 7. Changes in exo-polygalacturonase' activity of Satsuma
mandarin during storage.
-(O- Flesh, -B- Peel
1. One unit of activity is expressed as 1 mole of reducing sugar released for

30 min at 30TC.
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EvtE Axd dAiel A PGaseol 4o daiiNes % Evied A
¥ placturonic acid9 20~30%E FFFo 443 <4 ARANIFIE W
F44 A2 EFE 9802, o) BAFL 20,000 =°]9 galacturo
~nic acid® rhamnose? H|7} 94AF dFHF A (A T, 1996). 18
&% EviE 2% g% EENAH FE5F PGase® ¥ AAFAE
g 22 Aol dojdn 3ot Albersheim 5 & polygalacturonic
acid®] AR A gGe HELH At ofF Aol okvixm, PGaseol F A
ozt YT (A F, 1996).

¥ HE7lo] PGase’t EAEA guxn, EvtEAE 45 FoA +84
pectin@ o] FR3A F7rEA Fedn #FHAvt @A oA 7HA pectin
Ao 7148 g4 FAFer FHHA &3 AAYL, 2 x4 A
& %9 PGasedl o #A pectind 9 AEAZH Fde] dojue Ae &
de Az 2uda v (A F, 1996).

9. Pectin g 3F 2 W3

Pectin® 4 F3 o AZe A &5 Az} #38 o] FEH4& A
Y3 glon(Sakal F, 1980), 98 71X 4 &4 fim HEHE 1A poly-
saccharide®] ¥} (Coffin, 1993).

Fig. 8, Fig. 9& Zr& A< A% F A9 F oM 7144 Helg
FFA FHD FF] AHE F3F AFo. FF AF F Ao =
2 WellM F2E AU EAsE F8£4 #HE (water soluble pectin,
WSP)2 #u¢9 #8Ko] 27 379 mg/100 mg-as—~4.85 mg/100 mg-as 2,
2.99mg/100 mg as~3.36 mg /100 mg as® F73tH, 44 ANz 2%z
1.56 mg/100 mg ais~3.54 mg/100 mg as®, 1.18 mg/100 mg as~2.07 mg/
100mg aisZ F7I3tA. A% F #Adide) Ca BEx Mg 59 F&02
% Agse BE4A HMdo2 EAse AA eI 44 F R (hexa-



metaphosphate soluble pectin, HMP)2 A3 30dd 33 &0 7
2.37mg/100 mg-as, 097 mg/100 mg-as2 F2FH AU o) Fl = & AH7}
AAct A% Fode FAIGNA 2.75mg/l00mg as~3.37 mg/100 mg A=
718 QAT FKAAHE 2.15mg/100 mg ais~1.23mg/100 mg a2
A% & HMP 39 Wgte ol ZAsHY. #MRido] cellulose T
A%slyg B84 ¥Meoz EAFd= 94 744 949 (hydochloric acid
soluble pectin, HSP)2 A3 3094 #9 ¢ #%o] 22t 3.30mg/100
mg-as®, 275 mg/100mg-as® & ZTo2 A28UR oFde 2 WUz
7t ARG, ds Fole A% HAgol #F 7.17mg/100 mg as~4.20
mg/100 mg-as®, 6.43mg/100 mg-ais~3.82mg/100 mg a2 2 Fo2 7
AE ST BH T (1987 4% Fo WSP, ASP 233, SSPe H
| ol oA Wz gdn sded, B A¥ge gty Ao)s)
Bk HSPE 44848 & £o2 7180z sged, B AYdAA
T #ase Ro2 ey Aost & Aoz By

# ¥ ¥l (total pectin substance, TPS)s] ##& WSP, HMP, HSP &
FS ¥ Aoz AR 3099 #AMYg FHKo] 72zt 899 mg/100 mg -ass,
592mg/100 mg-as2 HBE AL o] Foe W QAT A&
Aole #97F 11.48mg/100 mg-asN A 11.11 mg/100 mg-as7t A 2 A %
o FH9 FFo Wt & Aozt UAAUAE, HF M= 9.76 mg/100
mg-as9l A 7.12mg/l100 mg-as7tAZ & Eo g A8 9.

ditde= AFJEL F8 F A Adel A neg 2 F3
dztgh ol A BE&A9 HSP, HMP $9 #3& #asie wd,
el Pl WSP §#3F& F718A 522 A8 |3 542 #Hde
2%, 44 #A g2 F93A e (4 F, 199).

g (1996)& ZAZe] 7144 Ao TAH L albedo £ FHyE
AA7HEA > FE4 O 9/HEA > ¢LE LA Y £y o
2 & FAYE BAdn 39U o Table 49 Yed 43 43471
T84 > dAaZteAd > FAYElAA steA Hhe Y &3 Aojst
AR
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Pectin content{mg/100mg-AlS}

Pectin contentimg/100mg-AIS)

Fig. 8.
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0 . L i " N
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(b)
Changes in peel pectin of Satsuma mandarin during
ripening (a) and storage (b).

-0~ WSP, -O0- HMP, -ll- HSP, -@- TPS
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(b)
Fig. 9. Changes in flesh pectin of Satsuma mandarin during
ripening (a) and storage (b).

-O- WSP, ~-[J- HMP, -B- HSP, -@- TPS
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Table 4. Changes in pectin of Satsuma mandarin during storage

(mg/100 mg-a1s).

Storage Peel Flesh
days WSP' HMP HSP TPS° | WSP HMP HSP  TPS
3.19 3.55 4.69 12.03 2.99 1.19 4.12 3.30
(543.70)* (507.82) (672.28) (1723.80)| (64.27) (2551) (88.67) (178.45)
3.69 2.97 4.46 11.12 2.17 1.29 3.77 7.23
o (495.47) (398.01) (598.68) (1492.16)| (47.09) (27.91) (81.72) (156.72)
3.32 2.37 3.30 8.99 2.19 0.97 2.76 5.92
0 (417.64) (298.16) (415.43) (1131.23)] (46.13) (20.41) (58.32) (124.86)
i 3.63 2.36 3.20 9.19 2.32 0.91 2.54 577
(451.00) (293.76) (397.76) (1142.52)| (49.34) (19.40) (54.19) (122.93)
3.92 2.3b 3.22 9.49 2.69 0.88 246 6.03
%0 (481.82) (288.74) (396.27) (1166.83)| (55.37) (18.14) (50.63) (124.14)
g 4.03 2.30 3.02 9.35 2.83 0.88 2.41 6.12
(490.14) (279.80) (367.06) (1137.00)| (51.82) (16.09) (44.08) (111.99)
4.11 237 293 941 2.4 0.93 2.48 6.15
%0 (502.59) (289.72) (359.21) (1151.52)| (48.16) (16.44) (43.56) (108.16)
105 4.15 2.32 2.92 9.39 2.76 0.94 2.39 6.09
(505.42) (282.02) (354.95) (1142.39)| (42.29) (14.33) (36.52) (93.14)
120 4.07 2.32 2.89 9.28 3.01 1.06 2.27 6.34
(483.22) (275.69) (343.28) (1102.19)| (47.32) (16.70) (35.68) (99.70)
1% 421 2.39 2.98 9.58 3.27 0.98 2.39 6.64
(510.13) (289.44) (361.69) (1161.26)| (49.08) (14.74) (35.82) (99.64)
150 4.85 2.28 291 10.04 3.36 0.87 2.33 6.56
(584.31) (275.47) (351.36) (1211.14)| (49.99) (12.98) (34.69) (97.66)

. WSPE:

water soluble pectin,

HSP: hydrochloric acid soluble pectin.
. TPS: Sum of WSP, HMP and HSP (TPS: total pectin substance)

HMP: hexametaphosphate soluble pectin,

. The values in parenthesis were calculated as mg per 100g of citrus

fruits.



V. 8 ¢

e AR F% Fo dAvs A3 (softening)7t FZA vAE
FgE dol Rz, TARY SFALE 4T, 85% RHAA AR{UA
A7) 48 AE, pectinased] €4, 9™ ¥F T AAE FH
KAt

AA717be] Ao wet £HllE&E 8750% X2 FEo FIEHL
o, AFA73 BE FHFRLE 2450%2 SUEA B2, AET
2mm, 3mm, 5mm, 6mm probedlA 22t 59739 g-forceol A1 3369
g-force7t Al 2, 734.8 g-forceoll A 485.0 g-force7} A £, 1,144.7 g-forcel A
1,103.7 g-force7t A £, 1,30 8.2 g—forcesl A 1,037.8 g—forceZt X2 AF &
o 234 ZAde FFolud.

T8 §%F2 A7zt v} A3 fKe] A 7578% MM 72.64%
7hA 2, 90.33% M 8829%7tAE % #AFHAY. HEF F BEE 2
mm probeZ Ab-£3e Jetd gtol 1,176.8 g-forcedl A} 503.6 g-force=
223 223931, +8 ¥Fe A0 B840 %42 753%ANH 74.93%
2, 91.83% A 90.72% =2 % FAHAr

MEW E#HEAQA exo-polygalacturonase (exo-PGase)?l BA$ AF
90d 7+A] FH 3o A = 389.00 units/100 gl A 534.94 units/100 g7AA 2, 3}
ol A& 63.37 units/100 goll A 80.99 units/100 g7+ 2 Z71& 897t Z
Z} 393.98 units/100 g, 38.01 units/100 g2 438t Z ol 3l o).

Pectinmethylesterase (PEase)ol © A4 60¥ 7 3 &= 19.6 units/ml
ol A 39.0 units/mi7ZA A 2 F718 37, 2 o) F o) 8.2units/mlE & E o2
Zaste ZFgol B, #8A A$ AF 6047HA 2.0 units/miol A
38.8 units/ml7t A 2 F71E 3tchsl 6.0 units/mlEz & Eo g2 #idde 7
o] R 4vt. Endo-polygalacturonase (Endo-PGase)d 4% AZ7¢ F
S ot FFAA 4 05%AM 04% 72, 0.5%ANA 03%7HA2 T3l
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g W7t g

dFE BEAH EAL BE AE § AdAg FAKo] ZH 27042/100¢g
oA 123g/100g%, 267g/100gel A 191g/100g®2 & Fo = A48 4%
. A% Fd W% BHo) 2 14.32g/100 g9 A 12.06 g/100 g7t A £,
2.15g/100 gl A 1.49g/100 g7t X2 ZAs= 2o B,

# ¥l 4 & hexametaphosphate soluble pectin (HMP)$} hydrochloric
acid soluble pectin (HSP)7t A4 30l #3A A% Z2 2.37mg/100
mg ams, 3.30mg/100 mg as® 2 Fe=2 ZAsdD, 5 ALE 2.7
mg/100 mg ars, 0.97 mg/100 mg-a1s® ZAGFHR o) FdE & W7 §
2}, Water soluble pectin (WSP)& 3¢} &9 ZAge] 24z 3.79
mg/100 mg a9l A 4.85mg/100 mg-as7t A 2, 299 mg/100 mg-asol A 3.3
6 mg/100 mg a7t A2 F /b3t 7 ol o).

WSPE A5 Aldl 9 ¢ #Feo] 22 1.56 mg/100 mg-ais~ 3.54 mg/
100 mg ais®, 1.18mg/l100 mg-ars~2.07 mg/100 mg-as2 F7F8+9 32, HM
P7} A% % HAFdME 2.75mg/100 mg-as~3.37 mg/l00 mg-asE 37}
sAA T, F&AAE 2.15mg/100 mg-as~1.23 mg/100 mg-ais& & A
% HMP & %o d3e 3ol AT, HSPE #99 #{o] 774
7.17mg/100 mg ais~4.20 mg/100 mg - %, 6.43 mg/100 mg-as~3.82 mg/1
00mg as® 2 %02 A2 E AT

Total pectin substance (TPS)¥ A% 308 w9 #H{o| Z+z
8.99mg/ 100 mg as, 5.92mg/100mg-a1sE WEE FAAT ol Follc 2
Wzt gl 45 Alde F37F 1148 mg/100 mg-asol A 11.11 mg/
100 mg-as7t A2 A Fo A9 #Fe Age 2 Fo)7t YAUA T,
I KM E 976 mg/100 mg-asl A 7.12mg/100 mg-as7t A2 & Fo=
Z2E . #Hee FAbe 44 > A8 > HAERIAL
7844 Hedo BY &AA

it

o

_36__



V. 3 % 38

AR, 1992 4FEALY. AFdtE YETHATA. 40~43.

oA, A4, 1995 AFT ZE2F ARG 2 54 TR, 38
(6), 541 ~545.
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