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SUMMARY

1. Title

Developments of Citrus Storage Technology

II. Objective

To optimize citrus storage, 1) citrus quality characteristics by producing
areas and harvest periods, 2) pretreatment technology of stored citrus fruits, 3)
changes in biochemical and physicochemical properties during storage of citrus
fruits, 4) optimization of stored conditions, 5) MA storage of citrus fruits, and

6) economic evaluation of citrus storage were investigated.

ITII. Contents of study

1) Quality characteristics of stored citrus fruits, and pretreatment technology

2) Changes in biochemical and physicochemical properties during storage of
citrus fruits

3) Optimization of stored conditions

4) MA storage of citrus fruits

5) Decay phenomenons: by putrefactive microorganisms and prevention
technology

6) Economic evaluation of citrus storage
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7) Publication of technical book on the title of 'Citrus Industry, Post-harvest

Science and Technology’

IV Results and application

1. Quality properties, size and defected fruits distribution of satsuma mandarin
(Citrus unshiu) on the citrus tree for the storage in 1999 and 2000, were
investigated. It was recommended to harvest the fruits as possible as late in

December for cold storage.

2. Quality characteristics of satsuma mandarin (C. unshiu Marc. var. miyagowa)
harvested on the beginning of December according to production areas and sea
level altitude of Jeju were investigated. Soluble solids and flesh ratio were
ranged 9.32~12.50, 75.95~81.03% on citrus fruits harvested in orchards located
below 100m sea level altitude, and were 10.23—12.17, 77.35~80.29% on those

over 150 m sea level altitude, respectively.

3. Satsuma mandarin was stored at 3T and 85% relative humidity, and then
the changes of firmness, pectin-degrading enzymes activity and other
physicochemical properties of citrus fruits during storage were investigated.
Exo-polygalacturonase activity of peel and flesh were increased from 32595 to
534.94 units/100 g, and from 63.14 to 80.99units/100g at 90day’s storage,
respectively. After then, the enzyme activities were decreased from 393.98 and
38.01 units/100 g, respectively. Pectinesterase activity of peel and flesh were
increased from 14.4 to 38.8 umol, and from 26.0 to 39.0 umol at 60days’ storage,
respectively. After then, the enzyme activities were decreased to 6.0umol and

8.2 lmol, respectively.

4. Kiyomi tangor was stored at 3C and 85% relative humidity, and then the

_12...



changes of firmness, pectin-degrading enzymes activity and other physico-
chemical properties of citrus fruits during storage were investigated. Exo-
polygalacturonase activity of peel after 150 days’ storage were increased
gradually to 558.09 units/100 g. Pectinmethylesterase activity of peel and flesh
were increased from 147 to 2.3 units/g, and from 4.7 to 1.4 units/g at 150 days’
storage, respectively. Endo—polygalacturonase activities were not changed

notably during storage.

5. During storage of satsuma mandarin(Citrus unshiu Marc. var. miyagawa),
both in cold and room temperature storage from the mid of February,
pretreated with 2000-folds diluted iminoctadime-triacetate solution or 1.5%
chitosan with 0.5% CaClz solution, the citrus fruits were showed far lower
decay ratio than the ones without treatment. Also, these chitosan treated citrus
fruits showed less in weight loss, which seems that also has restraining effect
of fruits’ transpiration, Soluble solids were maintained higher level in chitosan
treated fruits than without treatment during the storage, but it seemed
meaningless. Acid contents -were decreased gradually lower in cold than in
room temperature storage, and there was not showed consistent trend among
treatments. 26 kinds of free amino acids among 45 standards such as ghutamic
acid, threonine, serine, alanine ¥ -amino butyric acid, aspragine and etc were
detected in Citrus unshiu Marc. var. miyagawa. As the storage time was
prolonged, free‘ amino acid was disappeared more of less, and the decreasing

extent was less in 4C than in room temperature storage.

6. In order to establish the optimization of citrus storage, changes of quality
characteristics of citrus during storage, according to pretreated conditions and
storage chamber type(warehouse) were investigated. Citrus fruits pretreated
before storage with 1.5% chitosan and 0.5% CaCl solution were showed far

lower in decay ratio than the ones without treatment during storage. Precise
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control of temperature and humidity in storage chamber were effective in

prevention from decay of stored citrus.

7. The effects of MA storage for satsuma mandarin, overwintering satsuma
mandarin and kiyomi tangor were investigated. LDPE was used as storage bag
material and parameters such as a thickness, incorporation of antimicrobial
agent to film and holes in bag were changed to evaluate the effect of the
parameters. The surface of fruits was coated with chitosan to determine the
effect of coating during MA storage. The thickness and holes 6f LDPE bags
did not affect the decay ratio in three different fruits. LDPE film with ceramic
antimicrobial agent showed slightly low decay ratio in satsuma mandarin.
Chitosan coating lowered decay ratio about 50% with MA storage. LDPE
storage decreased weight loss and prevented from delamination of fruits. The
thickness and antimicrobial agent did not affect weight loss. LDPE bags with
holes indicated about 3 wt% weight loss while fruits without bag showed 8
wt% weight loss. MA storage without holes showed less than 0.05 wt% weight

loss.: MA storage did not affect the qualities of fruits.

7. Decay phenomenons by putrefactive microorganisms during storage of citrus
fruits were investigated. Main causes and symptoms, its putrefactive

microorganisms, and prevention methods on decayed citrus were described.

8. Application of fungicides of biomaterial origin can be considered to delay
putrefaction of citrus fresh fruits during storage. Citrus peef oils, chitosan and
wood vinegar that have been known to have fungicidal activity were
investigated for their effects on the storage of citrus fruits. The fungi observed
during the storage of citrus fruits were identified.

Essential oils were isolated from the peel of mandarin (Citrus unshiu Marc.

var. okitsu) cultivated in Jeju Island. Among three different isolation methods

_14_



investigated, simultaneous distillation * and extraction gave higher yield
1.14%(w/w) than solvent extraction or cold expression. The relative content of
d-limonene, the major constituent of citrus peel oils, was 68.69%(relative peak
area, RPA). The other minor- constituents were ¥ -terpinene, B -elemene,
farnesene, hexadecanoic acid, «-pinene, B -myrcene and linalool in the
decreasing order of their own contents of 7.75, 2.96, 2.29, 1.76, 1.63, 1.56 and
1.46%(RPA). Growth-inhibitory activity of citrus oils against several molds
isolated from putrefied citrus fruits were investigated. When the mold spores
were exposed to citrus oils by direct contact, no spore could survive. The
fungicidal activity of citrus oils was also confirmed by paper disk method and
microscopic observation. Citrus oils also had bacteriocidal activity against
Escherichia coli and Staphylococcus aureus. These data suggested that citrus
oils had broader killing activity against microorganisms,

Even though citrus peel oils showed obvious fungicidal activity, no effect of
decreasing rot was observed when they were applied to on-site model
experiment of storage. It suggested that there could be an error in
expérimental design or oil application. Meanwhile both wood vinegar from
citrus trees and chitosan showed more or less positive effects on repression of
fruit decay. But more detailed and decisive experiments under several different
situations are required prior to Industrial applications.

Most of the microorganisms observed during the storage of citrus fruits at
cold temperature or room temperature(that is, atmosphere temperature of winter
season in Jeju Island) were Penicillium italicum, P. digitatum, Alternaria
citri, Fusarium sp., Sclerotinia sp., Phytophthora sp., Galactomyces citri and

fungi causing stem-end rot.

9. An economic evaluation was carried out on the transformation of satsuma

mandarin storage technique from the room temperature storage to the cold
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storage at the farm level. The method of benefit/cost analysis was basically
adopted for the evaluation. Since data of market price for the cold storage
satsuma mandarin are not available, the level of minimum additional change in
selling price that is required in order to equate to the total present value of
the flow of additional investment and operation costs occurred from the
introduction of cold storage technique during the programmed period. The
result of evaluation shows that, at the discount rate Qf 5%, and assuming the
period of cold storage being from November to March, even the lower price of
cold storage satsuma mandarin by 133 Won/kg than the average selling price,
1,188 Won/kg, of room temperature storage mandarin at March 2000, could
compensate the additional costs. This result of the utmost high profit from cold
storage is due mainly to the very large decrease in the total loss rate and a

large increase in the optimal storage volume.

10. The technical book on the title of ‘Citrus Industry, Post-harvest Science

and Technology' was published.
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g AEg AR fEgEo Aard BEo HaEy 5o BRXE xALEYT
2718 EXE A AGPAA o|FoAm gt 9o Fher Yo TR
ot 28 2FAE A vdebd ez TR, AA F 2 neE A9
t}.

A3d A R 27

19909 FEE BH ABo2A 4F %Al fARE 24Y Az
23o) A&Hgon, oo met WaF WAl o@ oldgel AT Br
9% YEHE BARE UL BAAY FAHA 20] 2A 7] o] 4

Table 1. Size distribution of citrus fruit by fruit thinning and non fruit thinning

Fruit thinning Non fruit thinning
Size
Sample 1 Sample 2 Sample 3 Average {Sample 1 Sample 2 Sample 3 Average
47~51 mm | 18(3.6) 32(R.0) 8(22) 486 12(3.9) 28(16.2) 80(13.1) 11.1
52~54dmm | 22(4.4)  29(7.3) 5(1.4) 44 19¢6.1)  18(10.4) 56(9.2) 8.6

55~56 mm | 91(183) 80(20.1) 34(8.2) 159 75(24.3) 42(24.3) 143(23.4) 24.0
57~58 mm (110(22.2) 76(19.1) 45(12.2) 17.8 49(15.9) 46(26.6) 142(23.2) 219
59~60 mm | 64(12.9) 46(11.6) 73(19.8) 148 61(19.7) 20(11.6) 65(106) 14.0
61~62mm | 36(7.3) 31(7.8) 32(87) 79 27(8.7) 8(4.6) 38(6.2) 6.5
63~66mm | 86(17.3) 69(17.3) 82(22.2) 189 50(16.2) 9(5.2) 61(100) 104
67~70mm | 48(9.7) 27(6.8) 38(10.3) 89 13(4.2) 212y 1321 25

T1~77mm | 21(4.2) 3(2.0) 52(14.1) 6.8 3(1.0) 0(0) 13(2.1) 1.0
Total 496(100) 398(100) 369(100) 100 309¢100) 173(100) 611¢(100) 100
() ! ratio.
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B9 712 S E25] ojge ol ok 19999 119 209 $8& s2oz 3
o $4 F43 WAz n&HE A9F FEAH vz wuHE FEFY 2
W 2YL Table 13 2on, H|74 #F9 BE¥XSE Table 29 %t}
Aojs7lo) wel 2ol Hdst 2AHAYESS & 5 AKLLH(Table 3), Gol%
2 AERol WAL tze] WAl SA dulEsE 71EHY F2o]
Base ¢+ AN

53] 190994 FFE ALV F ANz Ao) uj$ vk Wej 2T ofd ulA
BT WA Eo] 21~62%2H 15 ERATHTable 2. 5 SRl oI
287k Qe 511~537%8 A YT, 2ALF D7 A% 119 FaolE: 2
gol HE AL 7FOE oA o, FAMo| W WA WAEN
114~146%9l )23 ch.

Table 2. Distribution of non-commodity citrus fruit

Defected Fruit thinning Non fruit thinning
fruit Sample 1 Sample 2 Sample 3 Average|Sample 1 Sample 2 Average
Wounded = | 1agy ooy 2173 44 | 300000 18G5 67
fruit by wind
Melanose

. ) 244(51.9) 199(53.9) 158(55.2) 53.7 180(46.2) 284(55.9) 51.1
like blemish

Fire blight 46(9.8)  41(11.1) 47(164) 124 27(69) - 58(114) 92

Infected fruit | o0 95m0) 103 24 | 308 40079 43

by insect
Infected
it by moth | 1020 00 0(0) 0.1 0(0) 0(0) 0
Infected 60(147) 49(133) 2587 122 |110282) 33(65)  17.3
fruit by mold
Ufr;;‘;’e”ed 93(19.8) 45(122) 34(119) 146 | 31790 75148 114
ol A70¢100)  369(100) 286(100) 390(100)  508(100)
ofa
83 4T T 62 | 3970 445 42,17
() ratio.

a © defected fruit ratio.
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Table 4= A7 F8 ZFH4ES B4 Ao, #go E+5 93 4 &
Fo) gastgon, duiFrle ¢ 4% 284 g 5o vskd g #Fo] @
ofx] AArES Hest=u ool & Aor AR
Table 3. Distribution of infected fruits on non-commodity citrus fruits

Fruit thinning Non fruit thinning
Size
Sample 1 Sample 2 Sample 3 Sample 1 Sample 2 Sample 3
(total fruit) | (504)  (405) (3g4) DVErage | oy (633) ‘iverage

Below 46 mm| 0(0) 4(1.0) 513 07 5(1.2) 5(2.8) 12(1.9) 20

Over 78 mm 8(1.6) 307 1026) 16 1(0.2) 00) 10(16) 06

)

: ratio.

Table 4. Proximate compositions of citrus fruits by fruit thinning and non fruit

thinning
Size Fru.it thinning Non flruit thinning
() oo Brix comeny IOESS Vitamin C LD ey irmness  Vitamin C
(%) (%) (kg-force) (mg/100g) (%) (%) (kg-force) (mg/100g)
47~51 80.39 1062 115 50357 3896 8153 1124 134 37132 20.33
52~54 7939 1066 109  469.99 3990 8027 1102 118  390.38 29.09
55~56 79.97 ’10.53 1.23 465.55 4021 7995 1059 1.22 41097 30.38
57~58 80.32 993 1.15 481.57 3780  B0S6 1053 125 349.25 ‘31.46
59~60 79.77 1012 112 50273 3796 8096 1078 1256  386.93 26.63
61~62 7911 993 111 48043 4077 7988 1031 119 35738 30.26
63~66 7762 994 113 45827 3891 7893 1019 119 33951 31.17
67~70 7748 971 116  460.73 38838 7966 1007 126 37389 28.65
71~77 7821 979 113 48253 3811 7876 944 1.08  311.19 27.85
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1999 # 2E] 2000d =& A ddd we Fdzeln, old we e
o EA4E& A A Table 59 Table 6914 EE =ieh Zo

Table 5. Citrus fruit distribution by size
Size Sample I  Sample 2 Sample 3 Average Ratio
below 47 mm 0 0 0 0 0
47~51 mm 4 0 1.7 0.5
52~54 mm 9 8 4 7.0 2.2
55~56 mm 11 16 14 13.7 4.2
57~58 mm 22 22 22 22.0 6.9
59~60 mm 31 42 30 34.3 10.7
61 ~62 mm 41 44 49 44.7 14.0
63~66 mm 59 34 43 45.3 14.2
61~70 mm 62 69 78 69.7 218
71~77 mm 34 50 55 46.3 145
over 78 mm 27 18 61 353 11.0
Total 300 303 357 320 100
Table 6. Distribution by non-commodity fruits
Wox'mded Melgnose Inf<?cted Fire Inff:cted Unripened
Sample  Total frul.t by hkc‘a fruit by blight f.ruxt by fruit
wind  blemish moth insects

1 300 29 17 2 2 8 85

2 303 45 18 4 4 7 75

3 357 46 46 4 2 3 89
Average 320 40 27 3.3 2.7 6 83
Ratio(%) 125 8.4 1.0 0.8 1.9 259
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:‘.‘,oluble solids(Brix)

1 2 3 4 5 6 7 8 9 10 1 12
Harvest area

Fig. 1. Soluble solids("Brix) of satsuma mandarin by harvest area and sea
level altitude. [ ]: below 100 m sea level altitute, [l : over 150 m sea level altitute.
Harvested areas are as follows. 1! Jeju-si, 2! Aewol-eup, 3! Hanrim-eup, 4:
Hankyung-myun, 5 Daejung-eup, 6: Anduk-myun, 7: Seogwipo-si, 8: Namwon-eup,
9 Pyosun-myun, 10: Sungsan-eup, 11: Gujwa-eup, 12: Chochun-eup.

2

Acid content(%)

1 2 3 4 &5 6 7 8 9 10 11 12
Harvest area

Fig. 2. Acid content of satsuma mandarin by harvest area and sea level
altitude. [ ] : below 100m sea level altitude, M : over 150 m sea level altitude.
Harvest areas refer to Fig. 1.
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A o) 2oe ¢ ¢ AN
Fehte Z2AOZ 8 ARA G QMY ZEo] AEA o] Mt M ¥
o) MmA WA Uson, o= s4zAd YL B ReZ AN o4
wel Al et el ANE 7EF AS 833~1213(WF 1038), AT
Ao M 816~1087(HF 9602ZH FAZ Ao ulate? okt Rskm HAAS
NH ALY FEol BAuIl e AL T £ AN |
AR o)) A gEo) v Eor FAY dde 2L E
dg AgenE 7laEd FE2HE 1200 & nAe® we £FYUT £Y, F
ApA A A FFASE A Be AL F 5 YAHFig. 3).

16

—
N

Brix/acid ratio

[+ 2]

i 2 3 4 5 86 7 8 9 10 1N 12
Harvest area

Fig. 3. Brix/acid ratio of satsuma mandarin by harvest area and sea level

altitude. (] : below 100 m sea level altitude, J} : over 150 m sea level altitude.

Harvest areas refer to Fig. 1.
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A2 43 54

Fig. 42 154 #8849 99 we 9y 3882 el it g A
Aidd g F85&L 75.95~81.03%(Hd 78.75%)01R oW, FAA L 77.35
~80.29%(H T 78.45%)EA A Hzt ZolE H. AT

F&&e Y AAFAL WEHEY 259 AR FET Fig. 594 B
£ oule} o] AN Aird BE AAFAE 231~29mmHF 270
mm)el QR em, FARAYE 243~316mm(FF 275 mm)ol T U NGL A
detmE MGzt Hole YA Tz HlatdY FHo) gk FAYO, o
of we FELE ok W& e Ve

85

8

Flesh ratio{%)

~J
o
T

70
1 2 "3 4 5 6 7 8 9 10 11 12

* Harvest area

Fig. 4. Flesh ratio of satsuma mandarin by harvest area and sea level
altitude. [] : below 100m sea level altitude, [l : over 150 m sea level altitude.
Harvest areas refer to Fig. 1.
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T

Peel thickness{mm)
ny

i 2 3 4 5 6 7 8 8 10 1 12
Harvest area

Fig. b. Peel thickness of satsuma mandarin by harvest area and sea level
altitude. [] : below 100 m sea level altitude, W : over 150 m sea level altitude.

Harvest areas refer to Fig. 1.

1200

900 |- --- --1t---

so0 -1 R-1 -

Firmness(g—force)

300
1 2 3 4 5 6 7 8 9 10 1 12

Harvest area.

Fig. 6. Firmness of satsuma mandarin by harvest area and sea level
altitude. [ : below 100m sea level altitude, Wl : over 150 m sea level altitude.

Harvest areas refer to Fig. 1.
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Fig. 62 1x=d ZEd 94X ne A9d FE9 F=g et si¢A
Ao A A" HAFe FE=E 604.33~955.95 g—force(HA T 826.97 g-force)o] 2.1,
FTANA AL 681.87~101291 g-force(B ¥ 84458 g-force)ol R il A ¥zt Aol &
BAh AFAe} FagelA Aid FEe A0 dgen, o APL H&

@ e derish

A 3F FHA 7 E Y

AZE5e] A9 Ay GP5PL FALR )Ty wRo] UG 3

=ga FRIHA g1 gon, £FA7Y BE nE5d ZFEYd X0 e 47

Aagog PR BN Ao Table 1914 e e} 21,

Table 1. Average
ratio for 10 days

groups in Jeju

values of soluble ’solids(oBrix), acid content and Brix/acid

after November 23th by sea level altitude of harvest area

Harvest area

Below 100 m sea level altitude

Over 100m sea level altitude

Soluble

Acid

Soluble Acid

solids content BHX/,aCld solids content an/? cid
(°Brix) (%) ratio (°Brix) %) ratio
Date |11/23 12/7 11/23 12/7 11/23 12/7 |11/23 12/7 11/23 12/7 11/23 12/7
Northern areas
(Aewol-eup to 1158 1200 133 134 873 903 (1088 1104 1.12 116 977 874
Chochun-eup)
Eastern areas
(Gujwa-eup to 11.02 11.72 115 1.09 971 1147 {1089 1173 137 119 841 982
Pyosun-myun)
Southern areas
(Namwon-eup to | 967 1046 099 098 972 1057 |10.29 1066 1.09 1.07 947 997
Seogwipo-si)
Western areas
(Anduk-myun to (1077 1168 1.23 107 896 1054 (1108 1160 1.43 122 7.74 953

Hankyung~myun)
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Table 2. Average values of sensory evaluation on appearance by sea level
altitude

Harvest area 1 2 3 4 5 6 7 3 9 10 11 12

Below 100m 467 389 400 433 489 45 5622 589 489 478 238 3.00

Over 150m 578 422 467 422 444 622 444 517 556 444 589 3.00

Average 523 406 434 428 447 539 483 553 523 461 414 3.00

xHarvest areas refer to Fig. 1.
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Aol e 2AdAE foldo] AN FE FAXA NAXAY 4R
o A4 FAAAGNA Y FE A FFo] FAYLERE B RE ¢
Ao, e 2ddME BARY foldo] AREA @ol AEFD] U &
Aol AFEL wu YL U F YN

g AR R F3L 2% 499 54077 a9 gz
W ogae 2% URd g dE 94 S wet Ho|zh 7] il o]
28 eyl Wlg oJele AAolt), Fig. 194 Fig. 67179 Azt 354
o A7 nEo) W FolF JEhIL 98¢ ¢ F HolAd Ad FAe o

&
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g FASE 24 pEdd 94 ve FA%ste 12 44Y Yot Ae e
2 5 A

29 87| FeA0ld BE 93E FEY o& 2@ ngwT
ARA G FEEAY 430 A5Y A0E HolW, oo wa AF HAA
BAolu B F A BANEE MBSy A% A 2AREN B F5T RO
2 ot B, 4EE 472 ALAPHE AE DR R A ol
AR Fdol & £FUZe] FHH, olsle AN ANY eFALLE 4

o
Lo A AHA A FEFE wEo| &5 dAg Aow

A~

<)
At
i
o

e
=

o]

L
-

L A4 < 493, x93 158 FA24 2590740 FAEA,
g5 8}8kg] X, 42(2), 147-151(1998)

2. 1AM, 494, AT £FEAY FAH aAe 9%, FAEALHF
£33 %), 1(1), 9-14(1994)

3. AR, DAL, GAE, S AT 23R EAY Byl d=
52}8}8) %, 37(3), 161-167(1994)

4, 1A%, 49Y, $249, AT BLEEFY FHAEA, AEARFETI
=), 2(2), 251-257(1995)

5. A4k, AT, AT AEFY AR 2 B4, 33535534, 386),
541-545(1995)

6. LA, 499, ATA, ARG E FHOE & FR ANAYE LT
FAEA, BAEAZFEIA, 4(1), 53-59(1997)

7. 529, HYE 27238, 144 AFA AEFFY FE L A7 4
54, 9335 38}813) A, 40(5), 416-421(1997)

8 LM, 43, ANAGY 2304 FAEN, FAEALREY A,

it
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0. BHEYY AFAGRR FFFEAANNEA, p. 33(1999)
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11, o185, AFTF, oA, AETASADAE, FLEHAY, p. 153(1993)
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ni:

Ha

M4z 232889 A2 5 4

249 s}

ul ]

-

M
ol

A1d N A

1960 ol 581 FA4 437 AFE AFAZAR S A8 T AAFe] 60 2 o
ZHA Padzd wepAe Ay ofm&E& AnUh 1970dd FHkRE S
S EIAIE 93 o] FARY FEZFFTAYL 1994 o] F ;A eMAFH
Fo YA 8 A TEd el

oo} we} AFAEFANAL ZEY AAF Fotd HlEte AR Fo)rt o] Fol A
okol, B AL A% AW, 7HF, HF F AN 2v7A FFHo| & E
2 AR Mol arHR Yk FI WA 7Fo] gy FEE 7
ZHFEHoEN BFZXEE T 5 UL ALARYIIEY GHA HE8e dg A
H3 de] 2 Zojr,

Hd o] A3} (softening)e AEH Ha a2l 2HEof o3te] AXY o] £
Hol dojun], AxY FHHES] AN FH, AXY EHEL2Y FFH, s
33 pH 5o 93e W=’ 2N2zx Yot polygalacturonase (PGase) %}
pectinmethylesterase(PEase)”t U™ PGaset #E712EA17)7F &A st "
BAE Bt APH o2 AExAE AgAgE Aoz,

HE5AZIE YA G FFEEAIE FHe dEE @

uehr A EZxHY AE WX 5 PGased €S YA AJ| L PEases &
Qa7 e.gx, H-o] Ca? o] cross-linkage® FAA A stE Aoz ¢
#x Ad? HY9 dsld] BAFE AAoE PGase, PEase, cellulase,

glycosidase 5°] 3lew, olE 4€ #9Y A&7 F53s Hotod 4o F

102, o Eii HY F9
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743}, &3] PGasew A XY F middle lamella®l FA4AE< I61d & EIAHA
FEARoEN B4 AL A3 a 7184 Heldo) FrkEA Hu, old
AEH el middle lamellaz} §315)0] A8& ZA &Y,

B A7E 7B St HURARATC 45F A% T ot A
Agel HAE F%e FolruAd eFUne A%, AURHELY Y W
5¢ AEHAT

A 24 As L WUy

Al AZF=A

AGE HEANEE AFE G945 dEeoA 1999d 11 YAtd 55~70 mm
ol F7+ A7) 9 FAHZA(Citrus unshiu Marc. var. miyagawa) S AN RE ALE38L9
. ZES QHA(REAYE  4-chlorophenyl-butylnitrile 15%% ethylene bis
dithiocarbamate 656%) 1300Ml(F+&¥F % 71 0.05%) &9 287 A=A A3 o
&+ F1384h

AMag Add F 7AEE £30) 2619 Etag Aol o 12kg¥ 4
T, AL Jasty] Mo 30CHA 24X AZA AE Aok HEFE
°] 160x190x235cm?] FEIEH FHEANFA A2AFLAN A F NS
=8 3+05C, BAMY =E2 JUEEE H15%7t HEF AT BAAE
T 1295 597A AstdA 169 AR viE Ayteit #E8 4 4~
A& dAs dF-EHE TF ool £ e BAARE ALEHAT

N

A2 EAEY
AR F @

5wy

o=

s Holge YR AAF 2~34A e dE FIEsrD R
€2 Ytk e FEpse vEg 10719 Fds A

o
L)
Mo
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A3l zZtzte] FFL 159 Ao T ZAsY1, 279 FFAAM vz =3
g2 LEh A
21740l Ztz} 2mm probe?t FEE texture analyzer(TA-XT2,
UK)E A&t 3 399 252 338 F, Aoz 2388 A9 3T
groe 2 el #98 ZARAZIE R Fus &g 2 OF AR F
Fe 24 FAFHF U YREE BAFHeH, S8 FEFe 4 AgE
Ak Hslo] 16T AP &) =43

g A THELS AbbeZ A A(RA-510, Kyoto Electronic, Japan)& A3}
o, #&9 pHE pH meter(Orion 310, USA), 4k g%#& 01N NaOH & %2
2 Agse] Y ohg FANeR BuHAR?. B4 G FEoe BAS
F1kH] (Brix/acid ratio)® YER AT,

ZF 32 158 homogenizer® #2138 thg 07N HCIZ 7FE23s 248 07
N NaOHZ %3¢ thg 44§ & oJ3tg o 92 Somogyi-Nelson #H®oz A
Fat it vlEyl C= A8 10gE 5% metaphosphoric acid 50 mlE 7§t & wpa)
ko] AdAFHeL A AT 4% ER AFHEGY F712 F&5F F 100mlZ §
th& 24-dinitrophenyl hydrazine ¥ Ay Fsle] BA3¢l .

A3F arY F&

aad 252 & 5V 93 e wg AE 200g9 FFHF 400mlS 7ha
o, 97]o 1Mol HEE NaClE 7}8t3 pH 622 3o} 3A|3F

%ol %&3 ¥ miracloth®Z 73ttt Az de] 85% (NH4):S0.2 A st 9
geti, JHEE 015N NaCl &oA 48217 FA ¢ thg, 12000 rpmo 2
AR FAAe 25442 Pt BE B & AL 4ToA 9

_48._



A 4 3 exo-polygalacturonase?] A

exo-polygalacturonase®] &4 Z4& & £V w4 gy =, aaue
2 1% PGase & 200uLe} /% 100pLe] &l 49 100uLE 7hat o
30CaAA 30%3F wr8-A171 thg, 100mM borate &9 2miE 713l HE&E& A XA
AT}, 1% 2-cyanoacetamide &9 400 WE 7}8led & Egatm, 1087 29 =
BZbsted 276 nmel Al FAEE EAsSAch 30CTAA 308 Eetol 1umole] &4
Fe AAste &E4FE lunitE St oH, thd Ao 8 aiAEAH S Adss
=3

8t

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

A EETHAN 78 5429 01l F9 %4 galacturonase®] F(uL).
B A4,
C: 2A2FZF AL 719 FA().

A 5 & pectinmethylesterase®] &4

pectinmethylesterase(PEase)d] &4 AL 3 =79 titrimetric assay¥g £
A o= 3t &, 01 M NaClg T3 1% pectin €9 10mld) 5
& &AL 1mlE 7o) 1A B2 0ToA uhgg Az vg 1087 7143
93-S HAAAY, blanket & AYE pH 87 002N NaOHE FHAssich
blanke ¥E& A71A ¥ &4E& AEste] 2 W og =439 27, PEase
o BAENE TAHA 1A T wSA 7128 A7 ¢ 208 F3t] A4
#FE lumol® a9t}
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A3d A% R n3

Al A T AEYE s

Table 1€ 2HZ4 eZU79 4% 3 84 0PECBriv), pH, & ¥%, B
v, 2%, 2995 egY Co WMaE Yehigch 1 59 Fuzgel 97
A4y TE B0 107 Brixd L RnsG o0, B AN E A% F HE4nE
o] 047~1137°Brix24 A7 3 & o)zt gtk pHe 4 el A$ A
% g0al %oF 747 349~3637 088~077%2A 2 WEE molx| @gtor} 1
o Fo A Bo] BaE BARS T & AU L THE%ANAH 938%7A
2 AR Zaen, ok 2448 9% FFGLE F2 5 U #Fe 53

3
ade] 71908 Ao gAY eyl Ce A2 & Wi glo] FAH

Table 1. Physicochemical properties of satsuma mandarin during storage

Storage 15 30 45 60 75 90 105 120 135 150
days
Soluble
solids 947 963 1021 1024 985 961 976 1064 999 11.37
{° Brix)
pH 349 362 387 346 368 363 389 394 419 423

Acid content ogg 079 070 080 076 077 053 053 057 033
Brixfacid 1076 12.19 1450 12.80 12.96 1248 1842 2008 1753 895

T‘E%gl) sugar 75 757 798 837 755 773 815 9.02 809 938

Reducing
sugar(%) 273 271 275 285 222 241 272 261 256 257

Ascorbic actd \
(mg/100 g) 38.97 4052 4768 4778 49.24 44.08 4043 ND 41.49 4476

* ND : Not determined.
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A2 AL FFELE

TARAY Rog € FIFEAE Fig 19 2o A9 Fde A% 309 £R
B Ueldr] AFsch wgddegs v&a, ugged 299 Ao £%
7T B dAg #A Fo EHY &40 g F¥F Fo] F8 sQlegn T
T Utk AR HIFEe nAEA oE Fuart 2As7] AzFERan, 909
o] FHE F&3] FriskA ol FExAY Asie) tlEo] pAE LHo]
& #5258 FRAEA He] FuFd 2ol dojuhr] AFAS Rer wdHct AR

THALE A 16Y 234% M AR 15099 2450%7+A] A& &
of gutdtA FIHekA .

100 20

75t
2 |28
° @
- /4]
€ o
> vt
S o
8 1o§

25-

0 L 1 1 L L 1 0

0 15 3B 45 6 7B w0 1056 10 13 150
Storage day

Fig. 1. Changes in decay ratio and weight loss of satsuma mandarin
during storage. -O- : weight loss, -m- @ decay ratio.
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Fig. 2& A« & 7429 ZEWEE, 192 Fig. 32 A F A=W E e

& Zd = 2mm probeZ =A% AL gto] 1,176.8 g-forcedl Al 503.6
g-force® wdol nldisAA F&3 FAHAch £, A=HgE AP0l 4
ol A4 5389 g-forcedl| A 3369 g-forceZFA| 2 2wkt Al Stolxitth Fig. 1olAM H
s o] Ralgol ks A3k, Fig S04 1 vkt 2ol FES ebA
T Ae A gl AEo AHH g st HAxHo YA A
& 4 & AU

1600

Firmness(g—force)
8 8

8

9/24 10/9 1022 11/5 11/19 12/3
Harvest time

Fig. 2. Firmness changes of satsuma mandarin during maturation{g-force).
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8

Firmness(g—force)

O | I EUUN EUSUNUNUUTI SOUUNSURI SUNIY ORI RSO KRR, |
0 15 0 4 & 7w 9O 16 120 1B 180

Storage days

Fig. 3. Firmness changes of satsuma mandarin during storage.

Fig. 4= A<34% A% % 7445 3§ 39 td $5 33 wge 4y
Bl 4% 2 g2 dolg F&e 8 L 47 753%0A T49%2,
91.8% A 90.7% = <zt FAIATH ZEi AFREAME NFE #FEY AF
A Az Aot 270 BHN BAHYY FEES AR7)0o) B} e 7
o 8 o] 77 75.8% A 72.6%7F A 2, 90.3% 0] A 88.3%77}745 oFzh 7+
23490 AEe & FAE ALHE SEFALLR YEAHE] WEe i
B NEH TF2 £Ho] oS m EHMe FEZwo] dojy A7z

4
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95 |

Moisture(%)
&K

80 o
o M 2 —
70 L L 1 L 1
9/24 10/8 10122 11/5 1719 12/3
Harvest time
(a)
0 [ T - =1 95
1 93
85 r —
= S
ey ©
g 9N é
+ 0w
.gBO G
£ 89 E
— N -
© @
i) Q@
o 75 i
g7
85

70
0 16 30 45 60 75 9 105 120 135 180

Storage days

(b)
Fig. 4. Moisture content changes of satsuma mandarin during maturation(a)

and storage(b). -O- : flesh, -m- : peel.
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Al 4 & pectinmethylesterase?] &4

PRase: 152420 Q) BEFo] o, HA-e fedr]g FIA7e T4
A Az zrld 288 9ge 90'? 399 PEased] FA4L A% Fo F7hd

[‘il‘

T 9AA FAFHAY Ay, e 22850 FA FHY A B
oz nusa Qi PEase: PGasest Zo] B2 FHHo A o] isoenzyme
ez A48} v&Ho) M PhRased] £8H 52 842 dtst #¥o] gl o
A gAte BsE Aolglm #9u®. PRaser M EWe polygalac-
turonan®| methoxyl”1 & A A PGasedl &g g4 HFE 4 & 0.

Fig. 52 242 A3 %ol PEase 49 W& etk oA A% 60Y
ol 144 umoll A 39.0 umalZtA 2, #F&L& 260 umoll A 388 pmol7HA 2 22}
F7r gk 28y ol F A sly] AlFste] A% 1509 9= 8.2 umold} 6.0 imol =
Ztzd astgde. A 599 mae] o Y AEHolAM 2 pectin methylation
o ATE A3 Fo YAHA FREGL e, B A4Y Adgss vga Aol
7k At

>,\J

i

50

4 |

30

20

10

PEase activity{units/ml)

0 . , ‘ , . .
0 16 30 4 60 75 90 105 120 135 180
Storage days

Fig. 5. Changes in pectinmethylesterase activity of satsuma mandarin

during storage. -O- flesh, -m- . peel.
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A 5 8 exo-polygalacturonase &4 2] W3}

35445y 49 FE Asasz 4ol JdE PGasew M EH 9 middle
lamella® FA 8= pectind & Baste] HEA2 polyuronide®E FelAA 4A8E
Z# et 44 pectindo] 7HEA pectind 2 BEHM, 7t pectinBE F
4 Bgfe v gol vrin Utt?. PGased &4& w&HolA v BAY A
o] yelgx govt Ade] H&od J§&3] Frhstd AstEE A7l el 7h
A w4 Jdebdoh A3t F PGased] &4 F7he Axy SWldo fe g
ot BaEm gt

600 [ e 100

500

400

300

PGase activity of peel(units/100g)
PGase activity of flesh{units/100g)

0 15 30 45 60 75 90 105 120 135 150
Storage days

Fig. 6. Changes in exo-polygalacturonase activity of satsuma

mandarin during storage. ~O- : flesh, -H- ' peel.

Fig. 62 #29 A% F dgd & A HAEY EHE2Y exo-
polygalacturonase &4 ®W3lE& YelA . exo-polygalacturonase 842 739
Al 32595 units/100 gl A A 90Dl 534.94 units/100 g7H A 2, FHKo A 63.14
units/100 gl M 81.0units/100 g7t A 2 2+ F715 g7t AF 3 150dd €



i‘)‘

393.98 units/100 g# 38.01 units/100 gL 8 F£8 ZAFdHUc ZALFUL 4
S A 0Y7A BaEHol TG}, 2 o)F FAdE RAeE uFo MM
A

£ AT F e 7102 0¥ FE7t 99 AoR RIEHAG,

A4d FaEd

1. Son, M. A, Seo, C. H,, Kim, M. H., Shin, S. R, Kim, J. N. and Kim, K.-
S., Changes in the cell wall components and cell wall-degrading enzyme
activities of jujube fruits during maturation, Korean J. Post-Harvest Sci.
Technol. Agric. Products 2(1), 185-193(1995)

2. Lui, Y. C., Kwon, K. and Park, K. H., Infusion of pectinesterase for
preventing softening of Kimchi tissue, Korean J. Food Sci. Technol. 23(2),
393-395(1996)

3. Shin, S. R. and Kim, K. S., Changes in cell wall components and cell
wall-degrading enzymes during softening of fruits, Korean J. Post-Harvest
Sci. Technol. Agric. Products 3(1), 93-104(1996)

4. Gohara, T. ed., Food analysis Handbook, Kenpakusha, Japan, p. 334-335
(1973)

5. Hatanaka, C. and Kobara, Y., Determination of glucose by a modification of
Somogyi-Nelson method. Agric. Biol. Chem. 44(12), 2943-2949(1980)
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(1995)

7. Hou, W. N,, Kim, M. H. and Go, E. K., Partial purification of fig
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9. Koh, J. S, Yang, Y. T, Song, S. C, Kim, S. H. and Kim, J. Y., Cold
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M S E M4 2w A9 AZ & d&21
HE P a4 Mol Hal

A14d A4

H 9 93 (softening)d] #3t= FAEE polygalacturonase(PGase), pectin-
methylesterase(PEase), cellulase, glycosidase 5¢] 29, oj§ a4t H4d9
Aeste Tdd Aol F7Heth 53] PGaset AE¥ F middle lamella®] T
AAEQ HAdE EMA ALAIRE FrydoesEs d8A4 HdAS A
7484 FRlAde] FrkeA HH, ojd AEH ] middle lamella’t §3)H AT E
230, ety gz dAgx4e WA A PGased F4L JAA
T PEase® AN EM, H8lo] Ca? o] &7 cross-linkage® FA}LS
e Aoz ddA JIg?,

HA e Aol i d7E F2 AEHY 72, AEY 7 RS 24, A
3 A Fol dolvte AXY FAHES Hstel AxY ERELEY 24N &
Aol sl aEln olF a9 A47)RE FHEEH 23 & T ok Azt
A AEY Elate ST Axy FALEY =A% 29w, o8 4

O—Lf

B34, RF 27, 24 2P A= Bo AR, F22A%) AT, 2HY
ol 9 wrh
S FEe] 9

FF R ATY BHas B dFe WES Holth A
ZolA ANHE BRFY FAL grE B5 Wo] LR o|Fojx 1 9O
W, A% F FARAE T AT T Aotk A Fo o5 257Uzt
A% = A9 337 AuEgase g4 et GEF v oy, ©
AR tE A7E EY v gk wed B Q7= A4 AL F A6
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A24d A 2 9y

A1 As 2 AF=xz

B Ao A AL AFE MAXA EFF LA FeddA FrH2 A4
ANupsted =8 wFel A A(kivomi tangor, Citrus unshiu X sinensis)S A&

Z 33, F 2719 #AEE AFEE AT A2ARS syl Ao AHAE
Adst & AHAE §%e] 26L9 Fk29 HH oW ¢ 12kgd U WHF
Zke] 160 x 190 x 235eml F&EANEZAH AFAPLY HA3d WH2=E 305
T HEE Ao, BA nZZ AUSEES 8515%7 HED 2489
o AAZEE 29 269 5E 8Y 2647tA 169 AoE FES 747 46704
BHNEZ AT,

l

A 23 By FFHAL

& Yoz AR 24202 kg/F ANt F 3
€2 Yl S3FE4AE g Ad wEd 10749
Hdg dAstd 247 TS 159 HH2r FAHHAL, 279 FHAA Y

249 F2& 9 £AT 27 F2 O & F23Fe #EER Yok

A3 A ed FEHE



A4 =

HHe A=E Aol Z7d 2mm probe’t R E texture analyzer(TA-XT?2,
UK)E AM&-3le F3F B9 A58 248 & Hdgd J2gE A3 g
#(g-force) .2 e L),

A5 EALELAY LFE(AIS)] AF

Eirel BEYe Aol wet FEFANRE ARSL, of7)d 9% B 2~3
W et 1583 4Rt AAE FetaadA #d F Y4ss Buchner
Aqf712 FH 4HAAY. FALES motorall A R E & AL 70% dESS Al
g3te] AFrld §713, oFHE WEsgch G Bgol YolAW, 9% Ve
Aol A 200ml HA FAE §2 e, EA%G gL e IR

T Y B A AXAA AISE A EFsle] F3F71E(wet basis) 2 Z VERRL
o}, -

o I e

529 22 & 579 Wy w AR 200g FFF 0mIE THete &
A8 b of7lo] 1M HES NaCIE 7}eh3 pH 602 BFo] 347 St &
e ¥ miracloth® 38 HATE FEF o6 85% (NHS0.2 st o
AEgstal, AAEE 015N NaCl §doA 48A12F FA¢ £, 12,000 rpm=z A4
22 & AARE 2a2d08 S}, RE 549 R 4T A Py &
Mo AFL Lowryd® W 2HsYoen EZUWAL bovine serum
albuming A}83 FEFHE T3z, UVHFo] 500nmolA ZFA43le] dld &
#g T3t

A 7 8 exo-polygalacturonase(exo-PGase)2] &4

exo-PGase®] #A49 Z4& & 579 uhyle] Faigdoh = gawse 1%
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PGase &9 200 Lo 74 100 pLo] &3toe] 49 100 pLE 7tslo 30 T
oA 30%3t ¥HgAIZl T, 100mM borate £ 2mlE 7hatef whe2 A2 A H,
t}, 1% 2-cyanoacetamide &9 400 L& 7l8te & E¥3a, 1087 #d & @
Z} 3o 276nm°ﬂi~'] ERCE 2A34r). PGased] #A4& 30TolA 30% F<tol
1gmoles] #9922 A E4FS lunitZ FRen, g N osf 28
g AT

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

HEZHNA 78 29 01 L 52 ¥ galacturonase®l ¥(pL).

&=
&) A u)
Ahd

,L,

7[}~

Al
B:
C: & AHEE FES FAg).

A} 8 3 endo-polygalacturonase(endo-PGase)

&4 100mlE H|o]A ol spindle (No.l), motor speedE& 128 &<,
viscometer(Model DV-1I, USA)AZ &A A}

A 9 & pectinmethylesterase(PEase)?] &4

PEase] @4e 24& 3 =%9 titrimetric assayg o2 Y. =, 0.1M
NaClg E#d38lE 1% pectin®d 10mldl FE2E4TE 1mlE 718lY 1A &<
40CAA we-g A7 b 1083 748ty g FAA AT blankst EAF
%£9¢& pH 871A 0.02N NaOHZ A3t} blanke 83 A171A ¥ &9
2 Al E3te] ZE wygor 2439 on, PRased @A @9lE 40CoA 1A%
T Az StE2EATA 208 F3td AN FAE 1moleR 3t RAE |
unit2 3 ot
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A9 AdAe] B 2 AP

Aeldol gL @it BEDY Lol wel AIS 1go) 2F% 200mlg 7}at

F&3 AL #&4 #H¥(water soluble pectin, WSP)2. 2 3¢t} AL 4%
hexametaposphate £ 25mlE 7[5t AA £%8 250miE & g o33
oo} & A ELNAL 7184 2 € (hexametaposphate soluble pectin, HMP)o.2 &}
%t

A48 # "l (hydrochloric acid soluble pectin, HSP)& ©-& ZALE 005N
ALF =7 HEF IN HC &9 10mE 7M1 H, 3FFE 7Het] W48 5%
o] 200g°] HEE sttt $F WA7E BT g HTE FAA 14T YD
T F BAAY BF AHES 250 ml7t HEE BE o9& HSPE st

7tzte] R 8L carbazole W MPP wiel 7 Ag49 05mlet A FA 3
mlg F THI ohE 0830 FBIIES L AAIRAT |719) carbazole A< 100
wLE 7hstel 2417 B AMAIZ thEg 530nmelA FREE EA s
galacturonic acid 7 FA¢] 93 §FE NE3H .

Pectin content(mg/100 g-fruits) = Y X &Auj$ X A/B x 1,000

TEEFAAA P FEY 05ml F F4 galacturonic acid®]l % uxL).

Y
A g3g B84 2HE(AIS)Y %(g).
B: Hg F&o] AL83 AISe FAl(g).

A34d A3 ¢ aF
A 13 e B3 5A
A2 FYAF, AAEA, 33, 11F, H58L Table 19 VeI £

APANMe HE Y FFEALel 2 31 a719 FEE BEHARZ AEdg. o e
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Table 1. Physical properties of kiyomi tangor during storage

t
Storage 15 30 45 60 75 90 106 120 135 150 165 180

days

Width/ 76,07/ 7401/ 7357/ 7534/ 1851/ 7850/ 80.71/ 78.80/ 76.15/ 1862/ 1855/ 16.36/ 7651/

Length
(;?5) 6712 6332 6403 6966 6681 6537 6758 6337 6671 6619 6576 66.18 65.18

Fruit '
index 113 117 115 108 117 120 119 124 114 119 119 115 117

Thick- )

ess 357 39 479 423 394 413 413 371 417 486 419 432 423
(mm)

Fruit _ ,

?Je)ight 2007 17658 173.02 181.01 2025 1921 2117 1937 1869 197 1931 1789 1878
g

Specific
gravity 097 098 093 09 092 089 092 091 08 08 08 08 089

Rate of

7483 7429 7508 7554 7400 73.00 73.86 7637 7400 7200 7433 7245 7340
flesh{%)

el AYFE 33 @ PASAY WeHos Fign, A= 2 Bsge 7
28t FA9 FYAFE L3N L24a7nAZ g9 deg fAsgen, 1
o} 2% FAzAY PF AFAF} 1282 B1E AP vlay of PAo] o

AR 49 7t7E Bd¥E e FAsT Ut

A2 FE 9354 54

Table 2+ A7AY AF F 7144328 E( Brix), pH, A 3, 2], 29 3
4733 wgw Co ¥IE vehud & Ve A3 7Fd 9T He41y
2 9~10°Brix&tx &%, g AYWe THzAY HT HEHRY ) 107
‘Brix#t i B astdch & Aol = AF F /HE4 09 Eo] 1058~12.12 °Brixol
Row, FHZA 2FUREYG 7t =4 JdERY. olyto] pHe} FAtnl= 7H7)
321%0l A 373%7HA &, 7.00%0 4 12.029%7 A2 Z7hstgA g, 714k 15100
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A 096 %7A 2 FAasch

Table 2. Physicochemical properties of kivomi tangor during storage

Storage

15 30 45 60 75 90 105 120 135 150 165 180
days

Soluble
?olids) 1058 11.69 1092 11.21 11.25 11.37 1212 1162 11.43 1197 11.70 1165 1154
“Brix ,

pH 321 3271 337 325 378 344 3952 3770 394 357 396 352 373

Acid
content(%) 151 159 142 131 121 127 110 131 1.19 1.18 114 109 096

B;‘;g{)add 700 735 769 856 930 895 1102 902 961 10.14 10.26 10.69 12.02

Total
sugar(%) 847 873 824 873 868 942 945 934 940 9.14 943 938 867

Reducing
sugar(%) 256 343 315 317 314 334 370 340 356 350 335 370 3.29

Ascorbic , o :
acid 545 64.34 59.99 26.32 59.27 59.75 58.17 53.67 66.96 60.09 51.39 61.37 56.44
(mg/100g)

A3 R T

Fig. 12 A7 5 379 2o 2 237225 Jehddoh 93 v&d 4
Blel A $3Hg A% zhEo) USR] F4AsA Eald AL FoA A F
2 ate ot A9 3 9 AN A Fol A 24 Tl 4
FHL W AFAol dulF gFA Uehd 7 g B AdME 292
o A4d zHEe]l A% 150YRH Hajzrsl Jehdr] A ole &9 &
FrAEA ol Fulz wAle] o]Fold Ao gudrh AAI)3L
Hel FEEgoly, FyFFoly, FHY o wARTG?,

y

ofj

A2 T FHgEE A 15097A v dntaAl AP EHo] o 8% o
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Pow, xAge wate o9 Aol F2 AL ¢ 4 UNH &FEH T

9 22 FEF B AN 4UHY FeelA 2 use WAl g
e A7) A4E danAel Ao g APyl yYes Fgon, ok
waEe] B4o] A4 dBE = Ao BeFUch

Weight loss(%)
Decay ratio(%)

0 15 30 45 60 75 90 105 120 135 180 165 180
Storage day

Fig. 1. Changes in decay ratio and weight loss of kiyomi tangor during
storage. |
-0~ © weight loss, -m- : decay ratio,

A4 B o8 #F

A MHAEE PGrHey] Yt FHe FE W S FF wIE
Fig. 29} Fig. 39 Webldh 2= @ste A Fd A37|de] Aojd+rE 2
mm$} 6.2 mm probe?} Z+2Z} 808.7 g-forcedl| A 406.4 g-forceZt A £, 1,962.0 g-force
ol A 1,1838 g-force7t A 2 AeratA WolA 1 glo] ] MEF 28] <
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Firmness(g—force)

1000

800 |

600 F

400 +

200 r

o 1 | ] H L | L 1 1 1 L ]
0 15 30 45 60 75 S0 105 120 135 1560 165 180

Storage day

Fig. 2. Changes in firmness of kiyomi tangor during storage.

81 93

Peel moisture(%)
Flesh moisture{%)

69 1 L 1 L L —k. i l L 1 L 81

0 15 80 45 60 75 90 105 120 135 150 165 180
Storage day

'Fig. 3. Changes in moisture of kiyomi tangor during storage.

-O- : flesh, -m-  peel
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HAzZ] Rt oHd A4 58 29 AR BAFH AAAE A
T 4 F st AL F7] FAE ASHE TEAELLE WEHEY B A
H ZRE HREFHo| dojdtt A& A FHAUAMBMZ Uzt 164 &
7t

A AAERY FRe A7) wek e Hgo] 247 7654%00 A 70.98%7
A2, 8961%AN 8761% 72 ¢ Fasdrh AAEE $A8 e 89

B2 FEALS FET Ao Hd

A5 ALV AFE(AS) AF

He
Lo

#Ee gy F4n Hddo] FRE 4 2EXYY albedo T HHA
0% %4€ flavedo 202 o|FJAUT. olE kA F& Mz B Hd
Ztzbe] H4d W F2ERE 44 29, A58 & A daY Uy 4
3 Al Fol YRLBEY Bho] Aaste AE AR Baii A8 o

24o] 71449 AEA 242 RIHA7] B

Peel AlS(g/100g)
© o
l\';"\.l
Flesh AlS{g/100g)

5 | i - 1 L L 1 L L I3 0
0 15 30 45 60 75 90 105 120 135 150 165
Storage day

Fig. 4. Changes in alcohol insoluble solid of kiyomi tangor during storage.
-0~ ! flesh, -B- ' peel.
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Fig. 45 #2 A% 3 22884 199 use vehign. o 59
A9 4 A% Fol GTLEEN 2AG ATY HEe Fayttn nus
B AT go] #EF AR FoE 57}t 1274g/100go0 M 1242g/100gAAE 2
Aol AAAT, FFolME 1.72g/100 gl A 2.15g/100 g7h A 2 <F3F F718 3 o

Al 6 3 pectinmethylesterase(PEase)?] &4

-
=
o

w

[¢*]

rr
=
olft
A=
i

o dg £XxHo ot #49 PEasedl 4L A& Fd F
7bete] AASHA FAHAAY #AHH G ZAER 7 HA ] Agte] BA
= Aoz xmusz Y. PEase® PGasedt #ol ®e& FHolA o
isoenzyme HE|E EA gt} m s A PEased £33 2 84 Q3 #
"ol Qe te AEH e Boddn s9u’. 183 PREaser A¥H
polygalacturone® methoxyl?1 & #1718t PGases A4S 4A d5e 48
#r}. Liu 5'9¢ PEase @4c] 259 o] me} 45~85C2 445 gasn

7 891, Cameron 57 95T 7% PEase B42 7Fdtta st4t).

30

[~
[

10 r

PEase activity(umol)

0 1 1 1 ! L t 1 1 L L
0 15 30 45 60 75 90 1085 120 135 150 165 180
Storage day

Fig. 5. Changes in PEase activity of kiyomi tangor during storage.
-0~ : flesh, -m- : peel.
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Fig. 5& 7+& A% 3o PEase 849 98& Yehiich 339 &2 72tz
QB 7)F0 2 14.7 units/g A 2.3 units/g7FA &, 9.4 units/gell A 2.7 units/g 7+ A
2 Zastgd A 5PV nad sy 4 AEHF pectin methylationd] FE
= s 2o dFsA FAEGT R, B 28 AeE 2ozt Aunh

A 7 3 endo-polygalacturonase (endo-PGase)9] &4

pectin@ ¥ &4 E PGaseol™, T3 EE 283 endo FH ot Tk &
ste exo HEiZF SAE Ao FFG FF e endo-PGase, exo-PGase
o Z4lE Aol Atk &, 28He] B DEE GHE AL Rl M, 20,
vhubr}, mlmlof Fo] glon, of FoA exo-PGase’} pectin@ EafolA $-43)
e W, sy, B4 Hool, suop Fojnp

Table 38 Z#E A% F endo-PGase?] ¥W3E UeEhASITH endo-PGasess W
sHdoMe 40 fAY e veon, d5a A5 o 43 Frieddu
rasded?, & dgoMs Aue g 27 05~04%, 05~03%2 79
2ol 7k g3l

Table 3. Changes in endo-PGase activity of kiyomi tangor during storage (%)

Storage

0 15 30 45 60 75 90 105 120 135 150 165 180
days

Peel 05 05 05 04 04 04 04 05 05 05 05 05 04

Flesh 05 05 05 05 06 04 06 05 05 05 04 04 03

A 8 & exo-polygalacturonase (exo-PGase) &4 2] W3}

IEFYTY H4d9 FE d5ELE 4 LPTd T AT o] #
PGaset M XY middle lamella® TASE pectindg Haoty AEAY

polyuronide® FaAA AFE 23}l PGased AL njaoA o] @A
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U A9 yEhA ey, g dxog F43 Frste AdHE AV 5
of 71 A epdh ol8j# A8 FolM PGased A F/1E A3 N 3
Ul Axy gwae gelo ARz A3 got?,

exo-PGases protopectinase?] ?——l%i’.i/ﬁ zrgEdgog e #Heg vEd
B, 489 Fuo st MRS EF uPBd go) EAAY. PGase]
g4 F7te Bado] A&l wet PGasest A Wold A{AAES B A
Holl glycoprotein FelZ A=) e wEA P PGasert Fe=Ho] 4P
2 4857 qEA Aoz A 95 |

Fig. 62 #&9 A% F A% S mixe Az EHE2 exo-PGase
24 W8 UL exo-PGase AL HAolA AF 150Qe] 55809
units/100 mg &, 780 A= 26,99 units/100 mg & 3’4-4”494- Kol E Fog Z7}s}
aashgirh AsolNE el 455 A3 Fo| PGase $Ho Frherie n
Tet Qg g

800 60

[«>}

o

(=)
I

400

200

Peel exo—PGase{units/100g)
Flesh exo-PGase(units/1 Obg)

0 1 ] 1 L I 1 i L O
0 15 30 45 60 75 90 106 120 135 1580 165 180
Storage day

Fig. 6. Changes in exo-PGase activity of kiyomi tangor during storage.
-0~ : flesh, -m- : peel

One unit of activity is expressed as Iumole of reducing sugar released for 30 min at 30C
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A 9% dndg

T EE

fr

AEHE T30 E DHAL xylosest TEZS 3851 9
A AEH ] 5 AN, AL AFA xR AFe zHsE
2 g9 v Axd d¥de hydroxyproline 3718 ®o) df8n Qon
hydroxyproline 47]& ol#tu] @ 29 AP serinee ZFEQ 29 st
MEHE FARAT olajg AXy gdude A4 A3 Fo| PGasedt B
AP qhol o) AZHY F2& FARAYE AR Bigozn /¢
A e faEgt |

Fig. 7dMe AA7t ¢ FHuel 548&o] zZ+7d 2230mg/100goll A 147,61
mg/100 g2, 36.93 mg/100 gl Al 2127 mg/100 g2 A%t} A 5@ 1o
& Tl Mxd dijde] §Fe FTe AsE wo] F43 greoE vn
o A 3T

N

o

ok

*

240 40
@ @
o (=]
< 200 | 30 2.
E E
3 5
& 2
g £
c L
5 160 20 £
2 2
o o

120 10

0 15 30 45 60 75 90 105120 135150 165 180
Storage day

Fig. 7. Changes in protein content of kiyomi tangor during storage.

-0~ flesh, ~M- : peel.
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A 10 ¥ pectin TF9) ¥

Fig. 8¢ #2244 3 F3g 3504 7184 Aele] #37 90 g3o W
38 248 ATk B2 A% F B 22 WA F28 A2 EAss
T84 ¥=l(water soluble pectin, WSP)& #3l¢} #&o) 74z} 474.49~614.29
mg/100 g2, 66.91~92.74 mg/100 g& ZF7}5} 4t}

an AR F HEde] Ca B Mg 59 5013 2Fsd BeA U
o7 —f‘f—zﬂﬁ}-‘i AP ERQIAE 7184 =1’ (hexametaphosphate  soluble  pectin,
HMP)& 9]¢} o] z+zb 4055 mg/100 gol A 270.43 mg/100 g 2, 29.43 mg/100
golld 1839mg/100 g2 ZHaatsich. #M@ao] cellulose T3 AEste] B 44 =
"o EAste 94t 7184 #®l(hydochloric acid soluble pectin, HSP)& 3} 3)
b 3ol 27 544.02mg/100 g A 41264 mg/100 g2, 69.17 mg/100 goll 4 60.41
mg/100 g2 7+238k o).

%3 " (total pectin substance, TPS)e} #-& WSP, HMP, HSP & &g st
Ao FHuls}l H5o] 247k 142401 mg/100 gl M 1,297.36 mg/100 g2, Z7}+549)
31, 16551 mg/100 gl Al 17154 mg/100g= %3 F718t9t), Yutz oz AgEL
#8 F AR\l Angd v 24 @R Odi‘r%ﬁ}. ol¢} A EEA4
HSP, HMP 59 ##e ZAsis 9d, 28 eje] WSP ake 27184 He
2 RHES £4 54 Hrle 24, 3 BAo) we F9s4 agle,

o 500 Z4zo) sheA HRle] TAHE abedo 23 FuE JAsEA S
S84 ) 9784 > e M4 WYY 2d fow Be FAWE HaY
I 33T of= Table 49 JdeEbd A8 A7t 84 > G744 > A e
A 7H&A HARe B A9 =ol7}h dsinh
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800

600

Pectin(mg/100g)

300

0
0 15 30 45 60 75 90 105120 135 150 165 180

Storage days

(a)

200

80 r

—ry

n

o
T

Pectin(mg/100g)

1 i H 1 1 A

o | 1 1 Il 1 1
0O 15 30 45 60 75 90 105 120 135 150 165 180

Storage days
(b)

Fig. 8 Changes in peel pectin(a) and flesh pectin(b) of kiyomi tangor during
storage. -O- ! WSP, -0O- : HMP, -m- : HSP, -e- : TPS.
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Table 4. Changes

in pectin of kivomi tangor during storage(mg/100 mg-ais) .

Storage Peel Flesh
days | wsp' HMP HSP  TPS® | WSP HMP  HSP  TPS
. 3.72 3.18 4.27 11.17 3.89 1.71 402 963
(474.49)° (405.50) (544.02) (1424.01) | (66.91) (29.43) (69.17) (16551)
5 3.72 3.14 4.38 11.24 3.93 1.77 410 916
(452.92) (381.74) (532.84) (1367.50) | (65.17) (29.42) (68.01) (162.60)
2 4.24 2.97 3.95 11.16 3.29 1.43 399 871
(525.37) (367.82) (489.42) (138261) | (56.17) (24.48) (68.29) (148.94)
5 4.37 3.03 357 10.97 3.72 1.41 350  8.63
(536.70) (372.31) (438.54) (1347.55) | (74.42) (24.03) (59.52) (157.97)
60 4.37 2.92 3.67 10.96 3.62 1.25 3.51 8.38
(531.00) (354.03) (446.14) (1331.26) | (63.64) (21.94) (61.86) (147.44)
o 425 261 336 1022 | 3.90 1.08 356 854
(519.95) (318.92) (409.99) (1248.86) | (79.98) (22.04) (72.96) (174.98)
%0 461 2.44 3.38 10.43 417 1.06 344 867
(564.14) (298.90) (413.96) (1277.00) | (85.09) (21.56) (70.20) (176.85)
o5 | 465 2.64 3.49 10.78 3.96 0.90 350  8.36
(573.62) (325.81) (430.55) (1329.98) | (80.33) (18.37) (71.08) (169.78)
190 4.61 2.52 3.41 10.54 411 089 353 853
(569.12) (310.50) (420.81) (1300.43) | (87.55) (19.08) (75.30) (181.93)
135 4.60 2.52 3.47 10.59 4.43 0.99 317 859
(566.99) (311.26) (428.52) (1306.77) | (97.15) (21.64) (69.35) (188.14)
150 4.80 2.53 3.43 10.76 4.49 0.93 3.07 8.49
(604.57) (318.85) (431.98) (1355.40) | (94.33) (19.50) (64.50) (178.33)
65 483 2.38 3.34 1055 430 084 280 7.94
(604.21) (207.70) (417.16) (1319.07) | (9380) (1835) (61.18) (173.33)
180 495 2.18 3.32 1045 431 0.85 2.81 797
(614.29) (27043) (41264) (1297.36) | (9274) (1839)  (6041) (171.54)

1. WSP : water soluble pectin, HMP : hexametaphosphate soluble pectin,

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

3. The values in parenthesis were calculated as mg/100 g of citrus fruits,
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00048 7)Eo2 AFEAA ALEE FEF F AuUEE e 882%7
Aerdztolty 2ALFULL A FL F3HA7E Boh, A% el
3 2] EAHeR AT Y we 22U FY AAAHS ¢
o] AFuEel AR BB ARFA B AL vk WA AFAY
e FLAF7t 19528%F o 360,227H 7 ALA It 14459 9584 e R

P A AAEe 665%2 395 B ARE AT + A AAHEE Bastn Yo
M

=
F

Hetd Hele FAEL JAFeEN FFTLd T FAAGE AHA7
2% 9wze F4 e ARE Vet ASAAE S Ade g2 F2
AbgElo] gk ey 20019 R E 7HEe) E g g Adsim oA, 2
HAEde #g Bast ok

JEAL #AE AAAMN 253 WA FFBHYEARA EvlE, 20, @7,
I SN $8 F RaE AdAE 237 e Aoz nuygd?. 249
AEANRAA 447 w38 AdA7Y, FLEA, a-amylase 2], FFH, AE
2Y 9 qEAde £380% 2@, 2ae Hde dgs 472 2@ AAA
713 2FL dANNE FHoE & 2diE Aoz denn® agn 3
Aolu} Ajae] zae HMxHo) 23y
A HEl Al L] o] LAWE A i AMEY Fust dAs e Asjrt A
A Eg Aol 2AEu®, Aa Z7e o= g FEAAN BAdaAE A
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E3d ggol 7150 7A Hol £F ¥ S4AL4E 2947 34 F 2 g
b e gk ZeA 4¥e] g ddy ojge FHAe EAFYIy
a2 Alae AR 2L HAYR. T ASAE oo we AF
7t F3g 3 Jd,

2 AT7e 289 % F 434S 238 £ e NEdt BEA A
7 AE A F EA vAE 98¢ AEFoRN, AFN eFUPY AM
£ FAg AZANE ARy 9 Agde 2uA d Al

A24d As 2Py

Al FENE

9l &8 Mdsle] AEE ARSI

A2 AZFxA

FTEAZAN F7tAA AMEE T e ¥l =@ (iminoctadime-triacetate) 20008 &
M F|EA(EoNES e 45+5%) 15%4 05% CaCl& E&3 g9 #4FL
TS FAAHAT. FAANL F 2622 Ed2Y AHolde] FEL 12kg AXE
A ol 0CA 24N AFH Mg SR FEAFES WE2EE 4£1T7)
HEE 2oy, JUeEE 8713%2 FA3AA EAWs s &5t

A 3 F zHde JEEA

#EY Rojge 7 MdE HFae AR gNAH A = 35

3o A3
3 AEYAZREY FuBE 2, & AAFE Yo MEEE A5t T

r
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Az BN F3H4AY 2S FE A vpAstAE 3RS Ak, 107
HAe 27 FAE FAHA AVE SAFE AEEE A

A F AREYE 7MY REE, A #% pH, BE, AV TES, HF 5E 3
3 24ste gogez el HEs byt ZES od #Fe 7HEA
THEL Abbe 2HTEA (Attago PR-100, Y&)E AHEste] FAP2Y, A
322 01N NaOH £9o2 HAse FFa g 74z gasan’™

29L& 01N HCIZ 7hEsste o33 o HdS Somogyi-Nelson ™Yoz
Aatact vEelY CE A& 10gS 5% metaphosphoric acid 50 ml& 7}k & v}
3t} Agoigatn, AAV= 2% B2 AHI FE £ F 100mlR
5t} hydrazineH] gl Fato] 4

frejolrl =it B4 AEE 5 A3 10mlE sulfosalic acid 25mlE 3
7Fete] 4ColA 4417F F<F XA F A4 EE (50,000 rpm, 308)3td T
5& AASACT. 045 um membrane filter® 33 F Li €94 (pH 2.2)& o] &3}
o 5o FAEd BEHARE AEFATR, ofrjxal BEE 455 A& 1]
W& 2 jon chomatograpy ¥4 =7& Table 13} 2t}

A 34 23 92 3%

AN F FRxAS &L Fig 13 2} 29 45 Sz $4o]
gskA APt Y J|EAde] CaCle A3 a3 Wz AAAe
T A4ES UIE A =& 38 FFcANTEH P T4 dojwnt ol ¥
oA " AgzdEe Fu WAE Hg] ALEI e VE FFF HEF &
HE B HAGFEAZ A7t 7t5d Aeg dddn
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Table 1. Analytical conditions of free amino acid by ion chromatograpy

Parameter Condition

Lithium cation exchange amino acid

Column column(3 x 150 mm)

Detecr 570 nm

Injection 508

Flow rate 0.3 ml/min

'Temperature Column 40C, Reactor 130C

Mobile phase(gradient)

Time (min) Li Eluent (pH 2.8)%/| Li Eluent (pH 74)%  LIOH 04%+ LiCL 0.6% (pH 13)%
0 100 0 0
12 100 0 0
48 65 35 0
90 0 100 0
95 0 100 0
120 0 94 6
130 100 0 0

* amino acid standard : 45 kinds of acidic, neutral and basic amino acid, 0.25
¢ mol

z £V nge AFE A% 27 Rz ASE AL AFBA 9%
maztEdd SARGT dasd, B A od 23S Ade] AN
A Ue Adz Btk 53 28 F&RH A4S 2 AeARY Ae AN
M 2ot AYHYo, MR JEY AF e dE P2 2y
ol LdHE 57 na Fgo ¥ #FEFo HaEE FEs AP ok )
Exo] Ad FHBHEAR Hojg AA¥ANIGE a9 §A8 g
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Fig. 1. Changes in decay ratio of satsuma mandarin pretreated with chitosan and
calcium during storage.

(a) stored at room temperature, (b) stored at 4C. @-@® : non treatment, O-O :
iminoctadime-triacetate, [J-[1 : chitosan.
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Fig. 26 A%7120d] 18 2023 YeiAsh 437120 bah F3pas
gkaA Zrhsgou, Be A watel 7B A AegH AL
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L AoE mue YT vid Aoz JEA FAY 24 FES AAEE
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7} ojEolxok & Aot} A AT Hdr|Fo] o] o] &EFL olA
A A g2 FY&or & Aoz yodrh

A 33 Jrws

Eel NEAE A84TYE 4 G WHE Fig. 4% Fig. 59 eh
QA BB FS AAT HE BFo) Fol7k ol Y ARE BYET + 9
on, Ax RANEI QARA gob 74 AR Folo] I BYZE L W
7 Ao,

HEATYBE AAZ 234 BAAUAT, FE FaFo) Bol EHEo)
$2goA 088 FobAt Agoldt Ne% 2ol Ad APHA A
ok TAele] Mate] JEA Ane AdA 2 wil UEsed 1§94
Qo A AFNAE FAE) B A T Bast Astel, FaA 374
& A% AT A FBE HeAge] Hste] ALAFAA FaHE Fo
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Fig. 2. Changes in weight loss of satsuma mandarin pretreated with chitosan and
calcium during storage.

(a) stored at room temperature, (b) stored at 4C. @-@ : non treatment, O-O :
iminoctadime-triacetate, [1-J : chitosan.
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Fig. 3. Changes in peel moisture content of satsuma mandarin pretreated with

chitosan and calcium during. storage.

(a) stored at room temperature, (b) stored at 4C. @-@ : non treatment, O-O
iminoctadime-triacetate, [1-[J] : chitosan.
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Fig. 4. Changes in soluble solids of satsuma mandarin pretreated with chitosan

and calcium during storage.

(a) stored at room temperature, (b) stored at 4C. @-@ : non treatment, O-O :
iminoctadime-triacetate, [1-{J : chitosan.
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Fig. 5. Changes in acid content of satsuma mandarin pretreated with chitosan and

calcium during storage.

(a) stored at room temperature, (b) stored at 4C. @-@® ' non treatment, O-O
iminoctadime-triacetate, [1-(J ' chitosan.
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Table. 2. Changes in free amino acid of satsuma mandarin pretreated with
chitosan and calcium during storage ( # mol)

Storage temperature for 115days

Before 9
Amino acid Storage ?Of?m Te?p- e 4Ct "
treatment -triacetate  CPIOSAN treatment -triacetate  CPitOSan

DL-O-phospho- 15 919 q20 029 0.8 016 0.17

serine

Taurine 017 009 0.19 0.23 0.14 013 0.22
Urea 0.20 0.09 0.33 0.12 (.23 0.23 0.23
L-threonine 1.87 1.65 1.77 1.23 1.87 143 149
L-serine 1.79 1.63 2.08 1.36 2.01 2.25 .77
L-aspragine 0.68 0.57 0.39 0.26 0.69 0.57 0.59
L-glutamic acid 2.98 1.78 1.77 1.06 2.46 1.34 1.15
Glycine 0.29 0.22 0.27 0.20 0.24 0.22 0.22
L-alanine 1.92 1.66 1.60 1.07 1.96 1.65 1.49
Citrulline 0.02 0.04 0.03 0.03 0.03 0.03 0.04
Loammo®™ 007 006 006 004 007 0.05 0.05
L~caline 0.33 0.20 0.29 0.21 0.27 0.21 0.20
L~methionine 0.08 0.03 0.06 0.04 0.08 0.06 0.05
L-isoleucine 0.12 0.05 011 0.08 0.10 0.06 0.07
L-leucine 0.17 0.08 0.17 0.11 0.15 0.12 0.14
L-tyrosine 0.39 0.24 0.34 0.28 0.25 0.16 0.17
L-phenylalanine 037 021 0.35 025 031 0.23 0.27
B -alanine 006 002 003 003 003 0.03 0.03
7 ~amino buryric 933 153 145 185 116 1.38 1.29
L-tryptophan 0.06 tr" tr tr tr tr tr
Ethanolamine 0.39 tr tr tr 0.39 0.37 0.27
DL & allo- 052 tr 0.50 035 066 0.22 057
hydroxylysine

Ammonia 0.87 tr tr tr 1.15 1.06 1.22
Creatinine 0.49 tr tr tr tr tr tr
L-ornithine 0.14 0.08 0.15 0.09 0.14 0.09 0.09
L- @ -amino- 8 -

guanidinopropio~  0.05 0.04 0.03 0.04 tr tr tr
nic_acid

Total 16777 108 1261 951 15.06 1245 15.08
*tr . trace.
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AFAaade 79z 249 FYALFEY vlBo] B suste ue)
NATFAE AT avAe Fridwe] WsE, 19099 oF AFL £FUZ
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A, BAHIHE) 59 ANe 47 61548, 73173 10617ELE F438 F7}
g 9o’ ols wRHE FHAV FAHE FE AYsue AF ALAF
o] o]l glelA, ole] WE AFY|E g FF AFS FHHLE FHE
Hojof & Aot |

2 AN E #FY AFHHE ¢ste] AFA zmzﬂ‘“ gysta, &%
o Frxdo) MEE & o|FoA AFEFF/IERY ALAZTY FEZY
T olg¢ F7te ALAYT SN FEFE 27 AFaAas AF T FAdws
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A24d Ax A WY
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Hdod AuiElr e FEFE Table 13} Zo] FAANRE 3. AR
= ZHHOI 95% o) ol FEAHel & F A7 ReE b d EYH 4
o] gEE ZMJ Fgago. AFA Ao e HAFAPoME &59U% 4%
397, AL N8R dheH, AFZad AFAYAME A7 g
F7hat o h

Table 1. Citrus stored in this experiment

Species Harvest date Stored period Orchard location

C. unshiu Marc.

. Nov. 26 Dec. 1~March 26  Namwon, south Jeju
var. miyakawa
(over-wintering) Feb. 23 Feb 26~ June 7 Sogwipo, south Jeju
Siranuhi . .
(C. kiyomi X porikan) Feb. 7 Feb, 8~June 7 Sogwipo, south Jeju
C. kiyomi March 15 March 19~Aug. 18 Sogwipo, south Jeju

Al 23 AF=

A EA FIllA AFEEIZ Qe d] EF(iminoctadime-triacetate) 2,0008) 3]
Mozt ) EANSIALIE 4515%) 15%0) 05% CaClg T3 &oo) #3&
i3 FA AT, FAANZ F 26200 EFH2H HHoWd #AEE 12kg A
H Gol 30ToAM 2473 4% A= HAZFA7Ie AZH HYE Ao F2AF &

H2ZEE 41T HEE e, JUFEE 871E3%E FA3EA 9% F
EFANEE SAsAY BFEAFLE Table 29 Zol A3 e g FEAH
F FAWUIE 459, '

Ml

N

Al 33 7o R

Ao FHes 74 Hgda AP HAY AN A, F, & 3R AH
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Table 2. Type of stored chamber

Stored

Type Scale (m”®) temperature( C) Remarks
Warehouse (A) 66 - ~-2~18 ~ Namwon, south Jeju, Farmer's
Cold chamber (B) 6.6 35~45 Aewol, north Jeju, JPATT
Cold chamber (C) 33~50 31~4.7 Aewol, north Jeju, Farmer's

Namwon, south Jeju, Farmer’s
Anduk, south Jeju, Farmer’s
Cold chamber (D) 165 3.1~47 Cheju Nat. Univ., north Jeju

* Jeju Provincial Agricultural Technology Institute.

3 ZAEAAREE RigE A, 3 FAFE Uyo] HESEE BAZL
AZ FAEET TFgRL A Fujg& A} v A7AR 3#S A, 1070
FEeo FAE FAse] A7 e E4FE 4R EE SA4SUT
A% F AEEAL JMEARYE, A T pH, AR, FIFEE, HFT T 3
3 FA3do Paoz Y BREe ANV PR P27 3L B
2bzke] FHE FAsd BF FFo] g AELEE BAHHLH, Ty
OAC #¥? wat =84t AL 48t F58 e #F9
2 Abbe FHZEA (Attago PR-100, 4¥)& A}%ﬁ}ﬂ R332
A g 01N NaOH €902 HAste s of FAMeE #A53H

ok
el
do o?r‘.,
N
O
tlo

-
M
o
rlo
>

_>I_‘
ol
o
i
ofk
g

292 01N HCIZ 715833 938 992 Somogyi-Nelson ¥y“oz
AZsrivt, vEIY CE A8 10gS 5% metaphosphoric acid 50 ml& 7}§ & v}
Hatel AgodHen, AA7E 2% BEE A9 712 2% T 100mE
3] hydrazineH] MW o) Zate] Raatget®,

2l £3 2 AL &Y FuFSgde] vehd Hd9 oFE A AAW
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05 x 05cmE Fetuigich 1% A tHLMUEE &N 30233 FAMYE F
WA(water agar, agar 20 g/water 14) wiAlo] & :, 25T 27| & o] &3
o] 74z mMgstAT. ArldA Ad RANAES ©F £¥sk9 PDA(potato
dextrose agar, DIFCO) ] ol|l A wkalgon, vl 78 FAM] A9, EAz
Wel el R Exe §F, 2, A, AAY 2 A7) 5 FHAY A4S
g wEo oate FAA

Ty AR & 2595 28T F27]0A PDA wiAlo] wigs Ae dAF
o dF#52 J43te EIAFGRE A ol THEFYLZ ALEATt A
A ZeEd A3z FAE d #Ed TAEGIS 3048 HATE F 25T,
8+2%2 F&FroA 1593t st ZH9gRE ZAEIA

falopn Ak B4 HEs FE5F oz 10mlE sulfosalic acid 25mlg 3
7baked 4Tl 4412 Bt BXAIZl F AR (50,000 rpm, 308)3te @l
52 AASLet 045 m membrane filter® 33 F Li £9 (pH 2.2)& o] &3}
o 5o FHsle] FANRZ AEHATT. ol At BEF 6T L AL W
sk e=g

A33 Az 9@ uF

Al AZREY] A&

B AYd A ARPEY FFo wE YR} 2 EEAUXE Table 33
Table 491 Z2 detigich, 454 EL OE Fd vl /A4 RHE ol
E1 2 o] Wit HEL S5 M £87E 539, Fdo ¥
B gopAx b #ge vopanPe g fArE A

HA9 A #Fe exUze v Egton, g HRE Z Fo]E B
stk el B3(puffing) FEE YEhUE o153 Py dule wFe &
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Table 3. Physicochemical properties of citrus for storage in this experiment

C. unshiu C. unshiu L Kiyomi

(miyagawa) (Over-wintering) Siranuhi tangor
Frunit weight(g) 96.96 90.40 241.10 230.47
Fruit index 1.22 1.30 106 113
Flesh weight(g) 7852 69.72 17570 16053
Flesh ratio(%s) 81.32 7745 7299 7029
Density 0.92 0.66 - -
Peel thickness(mm) 2.21 2.26 4,29 4.80
Peel moisture content(%) 86.51 76.38 7327 . 1557
Soluble soilds(°Brix) 9.72 10.20 17.19 10.49
Acid content(%) 0.92 0.69 1.65 1.03
PH 341 373 3.77 3.56
Vitamin C(mg/100g) 44,80 4591 59.40 55.83
Total suger(%) 5.96 541 10.70 550
Reducing suger(%) 4.34 2.56 6.24 3.30
* - ! not determined.
Table 4. Standard deviation of citrus for storage in this experiment

C. unshiu C. unshiu . . kiyomi

(miyagawa) (Over-wintering) Siranuhi tangor
Density 0.043 0.082 1.055 0.922
Peel moisture content(%) 2.148 1.310 0.803 0.537
Soluble soilds(°Brix} 0.543 0.613 0.271 0.097
Acid content(%) 0.138 0.069 0.159 0.105
PH 0.166 0.120 5.415 4,631
Vitamin C(mg/100 g) 21.667 7.303 0.100 0.335
Total suger(%) 0.843 0.516 0.419 0.305
Reducing suger(%) 0.391 0.218 6.240 3.300
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Fig. 1. Changes in decay ratio of citrus pretreated with chitosan and calcium chloride

during storage.

@®-® : non treatment, O-O ' iminoctadime-triacetate, [J-[J @ chitosan+CaCla.
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Fig. 2. Changes in decay ratio of citrus during storage by chamber type. -
Chamber refer to Table 2. ®-@: A type, O-O: B type, a-a: C type, [J-[1 D type

ARREANA A FovgEe FARE2FY 2o Aos 4T 2%
Penicillium italicum, Mornilia candida, Alternaria citri, Mucorhiemalis, Phomopsis
citri, Botrytis cinerea, Phoma citricarpa, Glomererella cingulata, Penicillium
digitatum F°l ZAEAAQE AEAA AP S AE, AG4Ad 20l UH
Foiu g, AR e EAstn - FAuAEe] ARH A AFHE @
ozl Aoz ek

Rhizopus sp.ol 9§ R AN TAsReH, AF T 47 A
& rgolV Penicillium 9 ANE Polr] Fild ZEANM EAE FHA.
Fogoz Red 0F3& AAY ZEH AANIHR 7R HFE An, AW
ZEo AEF AL HF 1549 F P jtalicume Hojdo] REFEEZ e oY
o2 #& dehA gouth dA e H4F3E AL HF 169 Fo| P digitatim,
P. italicume A13A vElden, oo BEAES Rudel glo] A A
HES ¢ BT R4 E Uit 457EL 1194 788 AAT AR
ok Rzt dAAZE wER Fens gl wAglen, Y T TFGLEE B
ket

-
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o, man FFF wet Holzk gglern, RN o]Fo)n AFAH g
A&t

2% 9sid 119 102 £33 2BL 136U} AAXE AT 202%9
zeart dojym 119 309 488 11597 4L A7 17.8% 730l
wAE s WeT v&d Aol Aot wHME AFEsA 1Y S 7P
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Fig. 3. Changes in weight loss of satsuma mandarin pretreated with chitosan
and calcium chloride during storage.
@®-® : non treatment, O-O : iminoctadime-triacetate, [1-[J : chitosan+CaCl;
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Fig. 4. Changes in weight loss of citrus during storage by chamber type.
Chamber refer to Table 2. @-@: A type, O-O' B type, a-a! C type, [J-[1: D type
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Fig. 5. Changes in peel moisture content of citrus during storage by chamber type.
Chamber refer to Table 2. @-@®: A type, O-O: B type, a-a: C type, -3 D type

447 guel Be AAFE F3 WHE Fig 63 2o FLAZANE A
2700 343 Z2EAAT. 2Y oF ta ZAAHE AL AN A2
2o] AL 8T HEH APIAT ER, o] A7)EY sl 92
Aol doubr] Aade. 2y 9o FUFE B A A= B9
duslel Ado) iz @4 Ao, oo U# A7} olFojHt ¥ A
.

A4 wolEe pEe AL BUse JEe B Wl gFsm oA,
4712k AASE A4S gE2Ad fodor ¢ AT BAT. THL HeAR
NME AE7) Hu4R FHo] JE+CaCl, A7t e Aol v wahe

I‘-{N

d, ole 1R Aol s #FAAL JE Rew BRad F 50 e o
2% AOR, JIEM+CaClel HAY F4 #8& dAse Bt Q' Ao
ek

- 105 -



90 ¢

82

Peel moisture content(%)

74

80 r

82

78

Peel moisture content(%)

74

9

<]
[o)]
T

~
(s ]
T

Peel moisture content(%)
o
N

-~
E-N

86

78 r

86

L | L 1 fl i 1 |

11/27 12/6 /29 2/13 2/28 3/12 3/26
Storage days

(a) miyakawa

L A 1 ! 1 [ i IR I

2/23 3/12 3/26 4/9 4/25 5/10 5/22 6/5
Storage days
(b) over-wintering miyakawa

1 1 Il 1 L { | I | ]

3/15 4/16 5/16 6/16 6/30 7/2 7/18 8/3 8/18
Storage days

(¢) kiyomi tangor

Fig. 6. Changes in peel moisture content of citrus pretreated with chitosan
and calcium chloride during storage.

®-® : non treatment, O-O ! iminoctadime-triacetate, [1-[J : chitosan+CaCls
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Fig. 7. Changes in flesh ratio of citrus during storage by chamber type.
Chamber refer to Table 2. @-@: A type, O-O: B type, a-a: C type, [1-[J: D type
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Fig. 9. Changes in soluble solids of citrus pretreated with chitosan and calcium
chloride during storage.
@®-@® : non treatment, O-O : iminoctadime-triacetate, (-] : chitosan+CaCla.
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Fig. 10. Changes in soluble soilds of citrus during storage by chamber type.
Chamber refer to Table 2. @-@: A type, O-O! B type, a-a! C type, (J-[J D type
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Fig. 11. Changes in acid content of citrus during storage by chamber type
Chamber refer to Table 2. ®-@: A type, O-O: B type, a-a: C type, O-[1 D type
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Fig. 12. Changes in acid content of citrus pretreated with chitosan and calcium
chloride during storage.
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Fig. 13. Changes in acid content of citrus during storage by chamber type.
Chamber refer to Table 2. @-@®: A type, O-O: B type, a-a: C type, (O-[J: D type
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chloride during storage.
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Fig. 16. Changes in acid content of citrus during storage by chamber type,
Chamber refer to Table 2. ®-@: A type, O-O: B type, a-a: C type, - D type
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Fig. 17. Changes in acid content of citrus during storage by chamber type
Chamber refer to Table 2. @-@®: A type, O-O: B type, a-2! C type, ({3 D type
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Fig. 18. Changes in vitamin C of citrus pretreated with chitosan and calcium
chloride during storage.
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Table 5. Free aminc acid content of citrus fruits{ # mol)

Over-wintering

. . Miyagawa miyakawa Siranuhi Kiyomi
Amino acid Before Before Before Before

storage ANdays Storzge Ndays Storage Ndays storage 0days
D,L- 0 -phosphoserine 0.123 0111 | 0073 0074 | 0085 0143 | 0.035 0.203
Taurine 0166 0218 | 0026 0024 | 0.008 0.068 - (0.006
Urea 0198 0170 | 0192 0144 | 0162 0175 - -
Cis-4-hydroxy-L-proline | 0326 0332 | 0452 0416 | 2.062 1777 | 048 (.151
L-threonine 1873 1912 | 1821 1.761 - - 0.790 1.092
L-serine 1.787 2759 | 1735 1568 - - 2129 3.280
L-aspragine 0678 0813 | 078 0733 | 4549 439 | 0698 (0.887
L-glutamic acid 2980 1631 | 1682 1412 | 1698 2000 | 0506 1.389
L-proline - 0.676 - - - - 6.743 5.887
Glycine 0294 0330 | 0344 0314 | 1911 1595 | 0.084 0.133
L.-alanine 1917 2609 | 2394 2398 | 1449 0618 | 0573 1.406
Citruiline 0024 0036 | 0016 0008 | 030 0.189 - 0.011
L-a-anino- 7 ARBUTC | 74 0049 | 0098 0006 | 0030 0037 | 0013 0,023
L-valine 0321 0164 | 0399 0359 | 0.066 0.103 0.049 0078
L-cystine - 0.010 | 0.006 0.007 - - - -
L-methionine 0077 0070 | 0131 0102 - 0.013 - -
L-isoleucine 0116 0018 | 0163  0.149 - 0.035 | 0.019 -
L-leucine 0168 0074 | 0204 0176 | 0032 0.040 | 0.027 -
L-tyrosine 0387 0178 | 0377 0364 | 0076 0.097 | 0018 0.021
L-phenylalanine 0369 0257 | 048 0441 | 0088 0.134 - -
B —alanine 0.060 0039 | 0051 0057 | 0.056 0.068 - 0.029
¥ ~amino butyric acid 2329 1675 | 2203 2225 | 1906 2012 | 0506 1.336
L.-tryptophan 0.058 - 0013 0.006 - - - -
Ethanolamine 038 0068 | 0398 0382 | 2290 1.870 - -
DL & allo-hydroxylysine | 0516 0401 | 0312 0318 | 0592 0451 - 0.403
Ammonia ' 0867 1420 | 0206 0195 | 0927 0.868 | 0.166 0.406
Creatinine 0487 0011 | 0575 0523 - 0.028 ( 0094 0.156
L-ornithine 0.140 0091 | 0227 0204 | 0034 0040 | 0.027 0.007
Anserine - 2.581 ~ - 0402 0101 - -
gmgioig gocif guenidino 0.053 - - - - 0.015 )
Total 16,773 18703 | 15373 14.456 | 18.452 17.470 | 12977 16.984
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Table. 5. Changes in free amino acid of satsuma mandarin pretreated with chitosan
and calcium during storage( ¢ mol)

Storage temperature for 115 days

Before

Amino acid Room temperature 4T
Storage Non- Iminoctadime Chitosan Non-  Iminoctadime Chitosan+
treatment ~triacetate  + CaCl; treatment -triacetate CaCly

Ds';—ige‘phospho_ 012 019 0.20 029 018 0.16 0.17
Taurine 0.17 0.09 0.19 0.23 0.14 0.13 0.22
Urea 0.20 0.09 0.33 0.12 0.23 0.23 0.23
L-threonine 1.87 1.65 1.77 1.23 1.87 1.43 1.49
L-serine 1.79 1.63 2,08 1.36 2.01 2.25 Wi
I.-aspragine 0.68 0.57 0.39 0.26 0.69 057 0.59
L-glutamic acid 2.98 1.78 1.77 1.06 2.46 1.34 1.15
Glycine 0.29 0.22 027 0.20 0.24 0.22 0.22
L-alanine 192 166 1.60 1.07 1.96 1.65 1.49
Citrulline . 0.02 0.04 0.03 0.03 0.03 0.03 0.04
S amine™ 007 005 0.06 004 007 0.05 0.05
L-valine 0.33 0.20 0.29 0.21 0.27 0.21 0.20
L-methionine 0.08 0.03 0.06 0.04 0.08 0.06 0.05
L-isoleucine 0.12 0.05 0.11 0.08 0.10 0.06 0.07
L-leucine 0.17 0.08 0.17 0.11 0.15 0.12 0.14
L-tyrosine 0.39 0.24 0.34 0.28 0.25 0.16 0.17
L-phenylalanine 0.37 0.21 0.35 0.25 0.31 023 0.27
B ~alanine 0.06 002 0.03 0.03 0.03 0.03 0.03
¥ amino buryric 933 153 145 185 116 1.38 1.29
L-tryptophan 0.06 tr tr tr tr tr tr
Ethanolamine 0.39 tr tr tr 0.39 0.37 0.27
D ine 0.52 tr 0.50 035 066 0.22 057
Ammonia 0.87 tr tr tr 1.15 106 1.22
Creatinine 0.49 tr tr tr tr tr tr
L-ornithine 0.14 0.08 0.15 0.09 0.14 0.09 0.09
L~ ¢ ~amino- 8 -

guanidinopropionic  0.05 0.04 0.03 0.04 tr tr tr
acid

Total A 16.77 10.85 1261 951 1505 1245 15.08
* {r | trace.
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M 8 & ZZ9 MA X%

A14d A A

ZEYNF 24E B9 7hAe $xFAE Ao upd AdHT QU 2yt
E26) we 7HAQels Us AXNL oA, HEAAHE dANE nEAe P
QA3 S 5 BelE 9% A4uy 2 EAAHY Awe] Bao] Eoixm gl
=

A9 AEFEZEL S5kg@ 16kg FHAAR EFo] FFHL o]FI Yv WHH,
de Bge tad TAPYS Ausie FEHNE Boln vk Y], @7 5o
B} Arolde Sea" WEL o8 MA 3 o435 HEE #A8
= oge AT Qo AT AEs exuzt, 45eFUY, 349
MA T30 9@ Fojo Ad7 AHEE $48 F Y& A77F D8

F Axe MA ¥Rl AHREE Edr" BBL AN Ao gRE
low density polyethylene(LDPE) ¥ & o] polypropylene(PP) H&©°] AL&EHI 3l
o Wed FrEHF Y= BAS HArbetel WEEY RilE AANA AAE
g $ASE TAWY, AA ZA g By 5 YES o &3] AFPE &l
HE s W] AEHL Quh

2 A= MA E40AN Bgo] A8 FE T 9, Ay FEA
o w3}, T 2Ad d@ AFEH Aol AN N F EF) BB AFE
exuz AEpE AL AR de AEdYG.

rir
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A2d AR H B

A1 FAFEAN=

AFE FAFF G0 A8 FrddA 83 FHEA 25E A (Citrus
unshiu Marc. var. miyagawa), 8578, 32 & A&

A2 xF Ey

30, 40, 50/m $71° LDPE @Zo] 72 23cm, A2 36emel AAZEe =7
AE BEo] 1300~2000ge] FEFE Wel Loz WRSHATY, A% WAL}
SR % TR AFES FolF FAE7] Askel WA B 055%9
7yl Qe 4% TAEAES S,

AeE gEAY B9 AQAEHE AEHT] Aste] AFE) AN G 2ALs el
RS 2% 5% BT FEA F48 TAEAE AeHA

AARTEAZ ¥ AAEA} BuHT U= B4 MA £4 HolMe]
dure zAlE] 98 QR ABE 2% FEAbe] LHE g 147 A
5 STEC HEVIZ AZ® § UE gEY 2o 2AoE TAsdc A

A3 TEFY GERTE 41108 2P AL A2 A% F FAWs

oft

l

o

sk FRHAE ARG F 27IFALY Zolol A FEA pHE 3719 #
28 45l pHWE(920A, Orion, USA)E ZA3te HF ke Fatdrt
HEo Yre pHY e WHor AlgE FHldle ZHANAR-1IT, Atago,
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Japan)2 7184 AFEBrix BE)E SASAT. F4L 100mlY d4d FEFS
0.IN NaOHE& Al&£3le pH 819 ¢|& wi7}A & AHAs FAxoz gHAalks
ok HERY C §#2 AOAC W& o] &3lo Tttt

32

A3ddx 3 uF

A1y s

TAXA 2FEAY AF T FH&d WIHE Fig. 1~Fig. 49 YeEhiie,
EF2ANAN 0d BFHFRE Far G4 AR

ol

Fig. 1& A% 71E4S #E

G FE3Y &4 WmE FERE et 5 2FY A5 209 V)

AZAL A7} 2R, FFEZLE TF2L0 g8 o]itsigthel Aldo] o

HekA gt RS FER FEoA Fulxr|d 47 dE AARE BIou,
&

5t =FAHE 40m LDPE €& AA3t4E &

509 o)l A3 Fole Aol HolA FEh

7NEAE A 2FERLE /F, 78 2IdA EF €& FHES Hioen,
1= Aok Bule ad A3k Y. Fig 29} Fig. 32 LDPE €54 @
T A el 2%, 5% HA7HE A9 FHed o, # AeE £3et

T YEo] LDPE HERT 27 ¥& 29&e B 7EA XHEHE 739
P AdEe THeE g0 TAHAS 9 e 24N TEHE Y e
nage Btk

Fig. 45 2481 @2 #xgd JEA4e AYs 2397 Ries ey
Ao, exUge A4S Buge YAz AFS F GUTh FFA2 2L
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80

Decay ratio(%)

0 10 20 30 40 50 60
Storage day '

Fig. 1. Decay ratio of satsuma mandarin during MA storage.

-[J- : LDPE film bag without pretreatment, -B- @ LDPE film bag pretreated
with chitosan, ~-O- : LDPE film bag with 36 holes of diameter 6 mm pretreated
with chitosan, -@- : LDPE film bag with 36 holes of diameter 6 mm without
pretreatment

Decay ratio(%)

0 7 14 21 28 35 42 49 56 63
Storage day

Fig. 2. Decay ratio of satsuma mandarin during MA storage with 2% antibiotic
ceramic film.,
-0~ ¢ LDPE film bag without pretreatment, -M- : LDPE film bag pretreated

with chitosan, ~O- . LDPE film bag with 36 holes of diameter 6 mm pretreated

with chitosan, ~@- : LDPE film bag with 36 holes of diameter 6 mm without
pretreatment
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0 7 14 24 28 35 42 49 56 63
Storage day

Fig. 3. Decay ratio of satsuma mandarin during MA storage with 5%
antibiotic ceramic film.

-1~ : LDPE film bag without pretreatment, -M- : LDPE film bag pretreated
with chitosan, -O- : LDPE film bag with 36 holes of diameter 6 mm pretreated
with chitosan, -@- : LDPE film bag with 36 holes of diameter 6 mm without
pretreatment

80 r

Decay ratio(%)
N [e>]
o [en]

n
o

0 7 14 24 28 35 42 49 56 63
Storage day

Fig. 4. Decay ratio of satsuma mandarin during MA storage.
-(O- ' pretreated with chitosan, -@- : control, without pretreatment
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st Une LR THY FBAG BRYEY Fe P
e wel RN 7 Ao 1A ASS T+ AT

2) 4542

HE0dolM LDPER MA 2388 A% 5579 Zolo] o/ Y& o)
b Atk 2l FE9 FFoAAY Fujdo] dgon, JEA s} Tl Al
o Rago xol7t ik

Fig. 5% Fig. 6ol A B wheh ol e 7HY d @ Fa) Pre) A
ol VIEAL H Y FHolN Jenth oW FTFH TP FEF FLoE
71BN A FelM e BHgeo) g4t ole 9% F AYdA AFH A NEA
TEdo] HEHgo) vt ¢35 FHFol EolA Fuvt A BAY Ao 1oz
o 5% MA TARY §39 Rigo] ¥ = FF ol dedEyd Y

del by & dBe ¢ ¢+ AN

flo
pa)

80 r

Decay ratio(%)

0 4 7 11 14 17 20 24 27 31
Storage day

Fig. 5. Decay ratio of overwintering satsuma mandarin during MA storage
pretreated with chitosan.

-O- 30um : LDPE film bag with 36 holes of diameter 6 mm, -@- : 30pm
LDPE film bag without holes, -(J- : 50um LDPE film bag with 36 holes of
diameter 6 mm, M- : 50 um LDPE film bag without holes
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Fig. 6. Decay ratio of overwintering satsuma mandarin during MA storage.
-O- ' pretreated with chitosan, ~@- : without pretreatment

FFA 9% T3 3ol w}% i 371249 Aole TEAE FY

1A & AFBAME RG] dFE FA FAT. A 2 UHEZIME

7 A we Fig Aort Fuo g Foe 2ark YA 22 A
oA FAR g g Mg E Fugo) &S F2 Gt}

A A

A& AL AFA ALY AP/ F AA% R A ALsnE LDPELR
AR BxY AY BN ARt GAHA G B AZAL AT

A2 FFga

1) FAzAY exuz

ezmpdN 7184 A2s FAw, LDPE T3 2¥3 439 23 L4,
LDPER 23} Age 934 £3% LDPEUEIHS ZE7AE Hlasal.
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Weight foss(9%)

0 7 14 21 28 35 42 49
Storage day

Fig. 7. Weight loss of satsuma mandarin during MA " storage.

~[J- : LDPE film hag without pretreatment, - @ LDPE f{ilm bag pretreated
with chitosan, -O- ! LDPE film bag with 36 holes of diameter 6 mm pretreated
with chitosan, -@- : LDPE film bag with 36 holes of diameter 6 mm without
prefreatment

-
T

Weight loss(%)
[#%]

) W
0 fr —i —‘-::::!'f I Iy . 3
0 7 14 2 28 35 42 49

Storage day

Fig. 8. Weight loss of satsuma mandarin during MA storage with 2% antibiotic

ceramic film.

-0~ @ LDPE f{ilm bag without pretreatment, -ll- : LDPE film bag pretreated
with chitosan, -O-  LDPE film bag with 36 holes of diameter 6 mm pretreated
with chitosan, ~@~ : LDPE film bag with 36 holes of diameter 6 mm without
pretfreatment
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™
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Storage day

Fig. 9. Weight loss of satsuma mandarin during MA storage with 5%

antibiotic ceramic film.

-[1- LDPE : film bag without pretreatment, ~M- : LDPE film bag pretreated
with chitosan, -O- : LDPE film bag with 36 holes of diameter 6 mm pretreated
with chitosan, -@- : LDPE film bag with 36 holes of diameter 6 mm without
pretreatment

i

Fig. 7~Fig. 102 ¥4 W FFFLE Welidn Fig. 7oA ¢ 2o
7b v ZA EASAT 409 olFoE 8% oo FHEAE Ko ZEY

AA UgE Abolo B RG(FH o] WA AN, &

3] Zraxskivh,

A FTAS FRoRE Fag2d FBE FA YA FRAY FHIFE
206} 5% RS AL FFL FA Utk LDPE ¥F £ 39 502

B EAHE A9 04% oI5t TR/ CARQL. BB AREFAE 7

7o FuAgel g MEY SR TAU FEE AHAA EagE B

$&%e 9% AT WAAEH) Yo ol Bige Fol: U6l g

% gk Zev LDPE 43 T4& el $71x40) drle Ael 2Aw, 9
.{‘,:.

TEEE WAS 50Y A F 3% AR FFEAAUE Ho FEF
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Fig. 10. Weight loss of satsuma mandarin during MA storage.
-O- ! pretreated with chitosan, -@- @ without pretreatment

2) 95734

71 B4t Ao} FA8 FEF dF5AEE 30 50m F74¢ LDPE HEL A}
£t 2D AE v 2I A¥E Fig. 117 Fig. 12¢] Jel Q) 71 EAF 2 ¢
FHHL 9IS FA ¢tk LDPE "WE 9 FARIo)E FF U A &
Lol IS F TAEE 200l AAstd Rz wAEs) A&

1=
sk, 20 F9 FHAL Fo)E AL AT 5+ YA
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flr
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Weight loss(%)
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0 4 H 14 17 20 24 27 31

Storage day

Fig. 11. Weight loss of overwintering satsuma mandarin during MA storage.

-O~ @ 30um LDPE film bag with 36 holes of diameter 6mm, -@- @ 30Um
LDPE film bag without holes, -(0- : 50 pm LDPE film bag with 36 holes of
diameter 6mm, -l- @ 50 um LDPE film bag without holes

W s
T T

Weight loss(%)
N

o 1 L 1 J
0 4 11 14 17

Storage day

Fig. 12. Weight loss of overwintering satsuma mandarin during MA storage.
-O- : pretreated with chitosan, -@- : without pretreatment
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Fig. 13°1M Fig. 14% 98 2Zx2d3 FEXF9 dxF9
Jet 2tk 379 FF3ae 4209 A RCA TRz &597, 458E
o] A9} A9 Y AFE BAFAY FEF HAL A EAAHHY Fx o)
AN EF 509 Fo FFFLE0) 2 50%9) FRRAE JEAATH 100

oX

7o

—_

T

b
e

|

U Borel AAY F 8% AR FRAsH BAHYT LDPE FelE #F,
¥ Aol £FULA 2e FYPL A= wYvh

A3 F w433

A% 14, 29, 48, 664 T 2FU 3ol &l Internal atmosphere, 4}, ascobic
acid, 9%, #5¢ pH/t B
BAag oy 94 Aee 2t AFE Holx &ogrt ¥4 Hogn FHU

st e FAYW, FAE 99 4% FA 2 Ao ey

Weight loss(%)

0 7 14 2 32 3 5 60 72 90 103
Sorage day

Fig. 13. Weight loss of tangor kiyomi during MA storage.

~(O- ! pretreated with chitosan and 30um LDPE film bag with 36 holes of
diameter 6mm, -@- @ without pretreated and 30um LDPE film bag with 36
holes of diameter 6mm, ~J- : pretreated with chitosan and 30 pm LDPE film
bag without holes, -M- : without pretreated and 30 um LDPE film bag without
holes
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Fig. 14. Weight loss of kiyomi tangor during MA storage,

-O- ! pretreated with chitosan, ~@- : without pretreatment
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M9 d 429 =2 & g & FHOIA=9
A

Ao w28 F Aoy 7% T ALl ¥ Wi WEE FHo]
gl

D €9 2 4 0 9488 Fvt o msd Hdo] uFgorm wAsy] 4d
1999 o] A FEolM FH g 2o AAM oz dAG Ao ook 3
M=, BT Ao me] HAFAZE AT ojo]A E Aol A4
AN @A Fgolg WA Fulng Aste Yk @ido] dojdr}, oM
WEZHAZY g AM Bdo]l AE-HTG hrte]l AAU, FHEO Hol Y& ol
TAs7] Ao

Bd =8 F AF ol LAsH, 294 & (brown rot)& f
< Y A7 €2 ZA(light brown)eg WAL m 71E 7o)
(leathery) & /dsttt, §717F B el A Tzl Bdo) G, 2

AAAN AFH 4L Y Fag,

(E

o
-lo

rol

ok &7

£

|

d

L

i)

:T_L

m\!
PN

2) QI . Phytophthora £ 2.2 Phytophthora palmivora, P. citrophthora, P.

hibernalis, P. syringae 5°] ¢&4#3 o},

3) WA - Fede] 7] A v =Zel AL wE vz Wely] Aol F(Fa,
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copper) & 5% 4 Al(fungicide)Z A X31H o sl glvh, 3HUo] QoA
F3712td, #d 8 Ao fosetyl-AlS HETT. £33 Fd = metalaxyls P
g &9/ A

i A R

2. Alternaria &4

o
o
o

b=
ofN

A st BAU 0E 292 88 299 29d HAe 3

.

otk

Ho g Tz el Zu(stem-end rot) Wy olyE}h, I WHel FAEN AL A

22 Wale AL ¥2¥(black rot)2 Fedi

19 2. Alternaria # 4.
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92) ol : Alternaria citri® PDA(Potato Dextrose Agar) WA AdeolA =
@A wi galRd A o ¢ gy JHAE gA4d¢

|

3) WAl dEEe A s WS veldls, £8 F imazalil® ¥t

3. €A Y (anthracnose)

AAE YA, BA&G 27, 5L 2, A7) AFE Fdo 2Asn, LA
(ethylene gas)& A elg Ao e HAs7] Aok 27lols Fd€ sdEHe] 4
2o wEo] FEdiy A AS FEHE He *7‘134 HHA ARNeR A,
Z7)oE #AEREYE dastn A2 R Jdepd, dif 22 AAE de
1A g gy Bt o Agsd, gaoe] 24 A HIMoz Waid

Al AstolE AR (soft rot)o] A ST}

2) QAT : C gloeosporioides® T A qoa] 34 EE HIEH7A o
A4 Mg gehdn, 39 gddaME #7 AA A (sporulation) & RFETH

3) A 5 A & 73 A benomyls HEEO] oot ¢
% Yo+ thiabendazole 2 &2 o H3kc)

¥ 3 gAY,
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D 29 2 B4 A, 9 54, 39 5 ot gase 49 e
g ddoltt, B4 FLol(gray mold)= EHH, £8 F AY Fo FiAE 72
S$7E G gARAE sHHo] wHHAY gAow VAT FEI Fobx G,
Sgdsl £} 390 Eele) WA A APAA Bl HL Aol £
97 7&e Talo] W7o dd A,

2) QF  AAFL Botrytis cinerea®)th, EF Foll tjHFog EAlstng 39
o dejz #de FYex Lolok At W AAE A HAHY fungicide’t H}
2 3nACia=3

& 249

2) QAF : PATFL Diaporthe citri (Phomopsis citri)® PDA ¥ A e & Ag}
o, 43 Heo WA 7]&*}2 e

3) AN A= ‘3@%@¢HHW}%§aq{

ml
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A I g L
2% : PDA WA, L &% @ A3}

6. Aspergillus A &4

of gEHEA RadA FAE FGRY HHel A7, FARAE g
@A) s, Ul Ao HowA e M T HYrh

fu

2) 93t : A8 EF9 Aspergillus species?t 9 Folth.

3) WAY . U A A2AAEAE, Aspergillus species? A &0l A H
o ¥lo] 7}EElth, &3 FUL A HF Fol benzimidazole =& imazalile )

ot

98 6. Aspergillus A &4,
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ol Wi RHEerRE Fadrt. ZEd Fe 94 FaNoez wAFgEA 743
o ofzt Rt &% RAANT HEBERET N & 2 FA RY B
He QoA FEAY sclerotia(AAAE TEE G #A goj))sk A
(cottony rot).

2) A3t : AAFL Sclerotinia sclerotiorum.E F7\7 AF: 7] B Rol
Mo 7538 Wz PDA WA A 4 YA d& g FAE wEd,

A ZHconidia) & WHEA| FEEE, A& sclerotia?t FAo] wol A7},

ME

3) HAY - AABAAA Ajets olejo] Aure ool gl

DA 2 4 A NE e BA F2 Wyat. 370 ARG d
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Avke, T8 F4 Rl TR @ A4, 4 £x Pa4 5o Ve,

2) 9A7  YUANTEL Fusarium moniliforme, F. oxysporum % Fusarium spp

2 et & 2e AR VBV, FFO W mod, P24 we QA8

3) BAY : 24-D EF imazalil ¢ 2®I A A ste] durst = 9

19 8. Fusanum ﬁ

% : PDA wj#], o}&) @ A2 thE Fusarium H3 ¢

3 ]
2, olelA FEA4Y TAFe] YN, 7Y RAE SUAT UE serde] 7
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TARA 7z ok AAdE Hd 27 Al Ed AN X Fa#x FH o
F&(halo)o] ¥ElstA vebdrl F2M9 ¥ wjokr|zte] ajEd ZA Yyx
L.

YRR W FEFFoIst obd ANY HolE B/ A £Y 4R

2) 9QF ¢ Penicillium italicumo] WA olTh LAl A o v Fstd Z7)d)
HEAOINE Tl wjYgrIzte] A#ghe] wet FiMom W Penicillium
digitatum(ZFF30)) et A AAR AKHALEE BT HeojAvl 10T o)&
AXE P digitatumB v ER e 2o,

3) AW - A 3 3 HFA “'17} WA BEE Fodtn, AV FY

X BEE FAL FAsop ek, =& d 3/4A A A

Zolvt A A el %
benomyls AEIAY 8 FTi+ proéhloraz, imazalil, borax, thiabendazole,

carbendazim, thiophanatemethyl, sodium o-phenylphenate & =& g},

A% . Rug g, 8% : PDA H|A

10. 25F%0|Y

1) 9 2 24 29 270o)E A7 lem AEY 27 WY ARG e
b, 8% o4 AUW, A7o] & cmol o2k Zom Adch H FAL
43 EWol dehts, H7e] 2~3em oo Azhd, 2ZAe TRt BEof
Atk BAZL AR FUE s FAAZ WA FARL, 2 FW REE By
T Qe e HAe FPolst BE ARy Fgow poygAn
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W&ol Ao] eurom ThA] Z2EM ¥z2 HYY. FE7t
e zol e ARGl #22F AL FE7 goW, U A A
o]

g ByzAe 2 wad
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-
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)
o

2) AQH : Penicillium digitatumo] Aot} F2 HAd A7 A& Eg)
of ZdEth TANA HelMdAGE FAdd T35 A Aol Aapso] 7
Ar A= Wz ol ASH 2L 25T U9 &, 10T olddMi= AGo] &z

[e]
s
3 gojA o

1) ¢ € 4 A" AFAE AN AZHUE wo] & 5 glew, &3] v
Penicillium species®} H4o =&, A3 IRE YA H G (whisker)o)
=& AXNY FdLdEH w43

2) 213t Penicillium ulaiense’} 972, A3

Jm

g gold ABE P

italicum, P. digitatum®} ¥]4=3&tt},
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a9 11 sy,

12. %9 (sour rot)

DAY 2 F4 BQY A B2 29EY, Bae Fdo] Hud o 4
A AQET PRzTdE BRI Bol BE % w4 AToZ WA
ofrh REo o 2Tt wekd Fde] EuEol u¢ A uny Raze wol
& Stk @8, US| oY Foz B AN Fue BH o
& BA 99, WA 29T BFoR $F S
Aol N wEold A9 TAE AW B ot Bl FE FA
B¢ BN 1 23 HYe BHBAAAN, Bo] 2% 52E yolFs
ol g Bl 9eFe do Ak HA= A7) ARHel TAYA we A
A Aol FAZ o Ag £ Yok ole u$ FH L& Eo@oltt

N O]
2

N
Mz

g

(B
=
)

2) 97 AAFL Galactomyces citri-aurantii( Geotrichum citri-aurantii)©] o,
PDA¥IA o] wjkale $53% Sue 22¢ F4ah F4d EFRT ofy
%, Ashael FAAR ] gD Ebrush)old 4 WE(bel) S BoiQe A
< HY 24 T F2 eddolrt

3) WAY : & o AHRE HHY v sodium o-phenylphenatel} guazatine
A 2] gkt
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9 12, e 271eA.

13. Diplodia ¥ A% &4

D99 2 34 1% BT F77F B2 FolA EAdG. 4L A&
F e AHH ddaAst2Z =3A MAAZ HYoM TSy gt 2E7}
20T de #d5E F 25 ould Y. «

ol Fatr] AFeGE AAE £ dHe FYHE JAFH SAAUH. FU9
FHENG FARE FAANIEA WEA dste] wrdA6d gl wiEEsel =
gttt 2 E ojoh v Wi AT 2ol AFd FE gl

e A, Foldgel Rdza Ao A7) Aol wiEFHe HAF

FEo WA Jeidr ZEE 232 zT|de dEdy YFols S5AEA
B2YEY A ZAdE FPxA) #FAAI e deo] HE Qlth 10Tel )
o AgoMe A HAHRA ghev. Phomopsis7t Edte HAHTHI: EF
gt71 #9u, olAFdE 28 A9 PVt A 2de uS S5EET EEFE
AsHA LA FHoE Fgs o, 2oz WAE F47} vpa] Enpdg B

g vehiE S5 $4e noth

) ol o}l ZR|(stem end) &

2) A : AN FL Lasiodiplodia theobromae € Botryodiplodia theobromae,
B. rhodina 5°1%}. B. rhodinas PDA #jX oA AN =] &4 7|7#ALE U7

o7 wETL}.

3) WA 3 A 35 olule] benomylE AHEHAY T £33 Fo
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benzimidazoleS * €] &t}

29 13. Diplodia ZA4 4.

14. Phomopsis A4 &4

rir

B
2
1%
do

)
olN
o3
i
=
o
EL
£
o
el
2
&

1) 92 2@ A Diplodia?t &3}

Qo 2A(stem end)ol M AHste} 949§ AR FHHE A o e 5

o) 7}A Z22 @7o](juice sac)7hA| Ty, H

wata, ME 4d BAs ANE A EuAeldE FaE A BadE,
A

S717F Be TolME 9 Hwe] FAA} 42 5% Ak

9) gloldF : Yo7 e AAMAWS SuslE Phomopsis citri (Diaporthe citri)$t

e BFolth PDA HlAe] & Aete), wxE Fuel B @AE HETL

3) AW BANE B TR AFAS FEsh

2% 14. Phomopsis 234 &4,
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15. Trichoderma & &4

ARALE 8 FAle 25
A A AR AYAY. HdE RolE AR EE IAAHAM Z]HATL
HAAE QA g Foo] FHY S AA W, HFo] AP (Y B2AE AH
B3 Bol7b7E o,

=2
rir
ok
=
fo
e
>
oS
2
,
N
L
fu)
L
A
2
<
olN
2
rir

2) QA : Trichoderma viride7t 9¢litolct, g xu]xo] njeksl™ W& &

T2 g g wET TAAE Yo, e =4 WA 25 Hen.

3) WA : thiabendazole * &7} &3} 3 o]},

19 15, Trichoderma #-&4..

16. 71e} F-39Q vA&

orol A Mg wAE o)  Alternaria alternata, Cladosporum sp.,
Monilia candida, Rhizopus sp. 59 AMgo] Bulg Azolr waA. Add
ol9o] R G MTE 22 FHFHAN FAT L& TP
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17. 29 Fu9 ad4d 7| A

) S%AE FEol A WAT FAds APHA FRAAS Aok

2) B 2Hg HEH7) 95, SARH £7 T AFL H2ssok Fuk.
3) 8e Be A, UEAAd 23 A 5 4¥el Pt g4 AL ¥ &

9 T3 B AF 97k AAE o] v FYH FHe) Frhse} 23
B3 FESHL ole Fjg A Hrh
5) Asgel 7 %7k Aol Bol, S5 WAk H9HA Awo] gk

6) ##AS GG TEste] 4HE FIBLL
D & HAA Aol =g ASH IF BHE RiE FA
8) #9lol Wold HAL WFo] HA Fol BL Bet ohieh, BYHY 4H

= QEth gebd 299 gtk
9) 59 4A WEF Bow FE7 ¥ QxFol Foigo RAYT

10) A% F FAzAe ezt BAe ¥ F Falo] JF AU,
1) Be Aol Bae 4Ry 0E BA2EY Addd,
1) £% ¥ £77k0] PR W 2] w27t AYHAA o M2

2L

2,

o

18. FaE3

Timmer LW, SM. Garnsey and JH. Graham ed., Compendium of Citrus

Diseases, second edition, The American Phytopathological Society, Minnesota,

USA(2000)
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M 10 & dZ2KF0 oAl 428 5%, 21X

Al1d A A

HeE A A% F FE AAE7] 9% dlol dyEoigttt o Sl uR
Al WS ASAFS Fuvdge A5S dAste FdA s§E A8
. A SEERAE AT FEEHE F JdTA4 o] dom, ol A
=24 7B, Fxd, FEAF o A

chitin® N-acetyl-D-glucosamine®] f-(1—-)ZA o2 FF&A A% 1009 o]

Yol AAnEA dPOR YAF, £5F, #F S AalA A o 10009 E
g AUTE Ao FuHI dE AFH ABALe| AAA Qe B

T chiting I Zgd@e Ao ol EslslH chitosand THE 4 Tl
chitosan D-glucosamine®] B-(1—4) Ao 2 FTIE A&y 182 tdiFol
o},

chitin® Eeol %2 ¢ou} chitosan pH 50 F =S FAAo) A Eol| 7] uf
ol o8 9 AFA FA dE AREET. 281 chitosano] B4 H& A §-
-NH.7]7} ~NH;'8 02 A#=o H #Ao] R Q= biocationd] 24, X
obdge] o SHAE] ALE, ZHU2HE AsetE, FFEY T A 1A A
&8y g et

Ez2NE UFZ E Z(H, vinegar)®@ Eo|th Hx AL iAo odAg F

E E&3(pyrolysis)dt® A UFE £& U= HHAM oy A7E 9

gt A& o glnh Haxde durt He 9859 FARELS ARfie gade

ox
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2, A4 U FHEY o 5%(AEF 7|88 AAsfL Ao £7ekd FAE
3 7wl o) 2&E AaAl7]Y 200~800ToA olE HES R o]F
4. Bzoe @pdd 0 A7E Q18 WFae dyoz WEAA A5
dug AAL go] dr) FHA w2 JES AP And Aol
7 98 £ dh Bxdele dutyoz g weE, s, 24, Zd9E,
A 79 4o SgFES UG
AEPE Fde pectiﬁ, hesperidin, naringin, 4=, & f-(essential oils) 5 2%
Bol goaxogltl. AEAFE FEH 2 flavedoZ 9 #4l(eil glands) %ol
gagolgls PR AR A2 g & Y AEEHE VA e
o7

4
;9‘
T
X

Al A=
229 7 Citrus unshiu Marc. var. okitsu)& A% 2 AH B4 AE2 A&
el N EAE (F)AFoL(AFTE FEFTeANAA, 281 FEEXHL

(FHUERFE 238NN FYste] A8t

A2%F AF9 F2 R 24

A3 PRAE ARE A3 A53FFEUFER D, $uFEY i AL
dHgez FHE F2AHT AR F&L FIVE2E ANAUL, -20TH
WE e RESEA AT FHe F2 FAHEE Hewlett Packard(HP)
5890 GC/MS(USA)E 484t
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a
Waterjacked
condenser
\of

Distllate
collector

Distillation

flask

Heating mantle

Fig. 1. Simultaneous distillation and extraction apparatus.

A3 AEEF

Foggaye 2a8 1139 AWt Alternaria alternata, Alternaria citri,
Botrytis cinerea, Cladosporum sp., Colletotrichum gloeosporioides, Fusarium
sp., Monilia candida, Penicillium digitatum, Penicillium italicum, Phomopsis
citri, Rhizopus sp.®} A\ Escherrichia coli 8749, Staphylococcus aureus 65385
Hdee ZFERfe Fads 2AE

A48 FdY A

spreading plate method®} paper disc methodE Al-&3}53t). APFE& WAlz2:
PDA, SDA 133 YMA(Difco, USA)E AH&3t%c} Ao st a2 A4S paper
disc method®t ANP¥ FAWPoz At ARddel di® FFHE paper
disc methods} ILAWIA| Wi o2 2AMSG T}
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Al 5 3 BAv AR 24

#HEAY T R AL dad we erigstdd gde @y 29
did gaer majde], dHnAMA e el A2olA 2~3UzE wjek
stttk eaEE 7] Astd 9ok Zo] widE FTAE tween 20 002% T3
TAA S5 H(0.05M, pH 48)0 #HA 7|, FH=gujdste, SHTHE e
A £ EY A5 Aduidez A

e BR 2 342 7[EA R Ainsworth %, Carlile 5 18|32 Laskin %
o WA EHZ FAA olFolAY. wridd HFY AFSHE A
#3kel, PDA, SDA(Difco, USA)MA| o]gls] ME @au=1g Aelw s wiA2
AH8-3} 51Tt
"\H’i“ﬂ%‘ﬂ/‘i TE A, 7lAe g {5, Aae] A £, ASEE, ¥
o TW, BATE 5% AT @Al vATzE dvdes wFedd.
AbA e 3 FA Q. FRE /T @ 23 A FR8H A lactophenol(lactic acid
100 ml, phenol 100g, glycerol 200ml, water 100ml)& A&t} #B&&n 7
(Olympus CK2, Japan)2.& AZstdo™ 4, 4 |77 I, w4, 44
T uUEd 548 ¥F 530 LA

il

JNEA fge]l 3™ A wAe &FHE AN LA AFE GudYE
A 284}, L-lactic acid(1.0%)9+ tween 80(05%)S 38 15% 71EAF 44
& ZEEoE AMEE AT 7IEAN A g 17} AA AHg 2FEEE A2
oA &5 AdAz F, ZeqHAPE) BAd £ AL AFEY A2
o slEee 10Ce ool AASFAT. =, FA 30~50me] low density
polyethylene(LDPE) 5A1& AM&8led, Z} A el+3 <F 416702 2= (36kgH, 18
179 BEFA oF 865g)e MY A2AY F FumAEY 7 R FA&EE
ZAEE ST
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Table 1. Pretreatments of fresh citrus fruits for storage

Number Pretreatments
Packaging material Fungicide
1 Polyethylene bag with numerous pin holes | No treatment

of diameter 0.17 mm

2 Polyethylene bag with numerous pin holes | Citrus oils 0.5 ml
of diameter 0.17 mm
3 Polyethylene bag with numerous pin holes | Citrus oils 1 ml
of diameter 0.17 mm
4 Polyethylene bag with numerous pin holes | Wood vinegar 0.5 ml
of diameter
5 Polyethylene bag with numerous pin holes | Wood vinegar 1 ml
of diameter 0.17 mm
6 Polyethylene bag with 36 holes of diameter | No treatment
6 mm

7 Polyethylene bag with 36 holes of diameter | Citrus oils 0.5 ml
6 mm
8 Polyethylene bag with 36 holes of diameter | Citrus oils 1 ml
6 mm

9 Polyethylene bag with 36 holes of diameter | Wood vinegar 0.5 ml
6 mm

10 Polyethylene bag with 36 holes of diameter | Wood vinegar 1 ml
6 mm

rlo

2AEFE FEAF(citrus oils) BE FFEZxAYeg 7t XEstdg 47 F9
TEUSe Fugs 2AEAd. ARE 2 60mX A E 15me HdEA g
15708 23 A2AGF B ZEE2YE 056~1md FHA A7 llene] o7
Zl(Advan. No. 6)& Ho¥Att. AT & 10/ 2 (Table 1), & HalF 50
ster, AFE e FAE 24 AFEFYNEY ALA A A4sAc),
g, 259 74-E& AR (mancozeb) U J1E4te 2 HHsto] AT Yo UG
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g, @, ddsd, AFEEY7Ied F9

watgl g W, FAsE vAEES AT

2
i

e
rir
o2
o
)
o
o
K
=2
e

olt
il

A 3d 23 g aF

2

S

Al FEARY

o

AFAr D74 (Citrus unshiu Marc, var. okitsu)] AAZEEY AFAHEL &
g3tk Table 20 FEHHA wE F£&& JYEUUT dAEFHFFEWYo|
L14%(w/w)2 &vlFay 283 A3 0.21%, w/wikt gL F&2 e
WAt

L£ulFEEyel doldE AEF &9 FHd wEl 80 A Ve
hexane 1.02%(w/w), methylene chloride 0.90%(w/w) Z#] i ethyl ether 0.53%
(w/w) Aol elm  Eadye wei FE5E FHe FAHAHE
d-limonene &8 Afe dxo) tha zbolrt et Table 3).

Table 2. Yield of essential oils from citrus peel by several isolation methods

Isolation method _ Yield(w/w%)
Simultaneous distillation and extraction 1.14
Cold expression 0.21

Solvent extraction

Hexane 1.02
Methylene chloride 0.90
Ethyl ether 0.53
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Table 3. Density, constituent and limonene content of essential oils from citrus

peel by isolation method

Isolation method Number of constituent  d-Limonene Density
content(area%)"

Distillation 51 68.6 0.8409

Cold pressing 55 53.7 0.8472

Extraction by hexane 107 476 0.8530

1) Area% was obtained from GC/MS.

Z 2 Ay HAZRY 2HE Afde #Haw 32 T gFEo }‘019\1»1‘3}
(Table 4). d-limonene®] x2&& #FHE 6869%°U ool = y —terpinene,
B -elemene, farnesene, hexadecanoic acid, « -pinene, B -myrcene, linalool, 8
-pinene Z18]1 @ -terpinolene°] Z+zb 7.75, 296, 2.29, 1.76, 1.63, 1.56, 1.46 0.87
a3 083% 4 FH HAUU

A2y ZEAFY FAEA4

ZAFis) 92 wAE F FuUd Penicillium italicume A LAE HH
of ARFAT Tk AFAHGT, @HAE FA5A wAe spreadingste] A
T2 AFEA A& 208 ol 1x10%Me] AgsE RE X7 =Yy
(Table 5).
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Table 4. Analysis of essential oil constituents from citrus peel by GC/MS

Constituent Retention time (min) Peak area(%s)
a -Thujene , 7.61 0.21
@ —Pinene 7.86 1.63
B -Pinene 9.49 0.87
B -Myrcene 10.19 1.56
d-Limonene 13.27 63.69
trans-Ocimene 13.40 0.73
v ~Terpinene 13.87 7.75
a —Terpinolene 14.66 0.83
Linalool 15.14 1.46
p—Mentha-dien—ol 16.21 0.11
3-Cyclohexen-1-ol 17.32 0.19
@ —Terpineol 17.70 041
Decanal 18.07 0.35
Cyclohexene-carboxaldehyde 19.64 0.13
& ~Elemene 20,94 091
@ —~Copaene 21.67 0.34
Geranylacetate 21.77 0.29
B ~Elemene 22.03 2.96
trans-Caryophyliene 22.49 0.60
7 ~Elemene 22.68 0.35
@ ~Humulene 23.07 0.64
1-epi-Bicyclosesquiphellandrene 23.54 1.01
¢ —-Selinene 23.77 0.36
Farnesene 23.92 2.29
& —-Cadinene 24.19 0.65
Elemol 24.58 0.22
Germacrere B 24.75 0.12
y ~Cadinene 25.98 0.09
6 —Guaiene 26.19 0.24
Hexadecanoic acid 30.21 1.76
Octadecadienoic acid ‘ 32.12 0.20
Octadecadienal 32.18 | 0.48
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Table 5. Time-dependent fungicidal effect of citrus oils on spores of

C o g 1
Penicillium italicum

Solvent for Treatment time(min)”

suspension 0 5 10 20 30 40 60

Distilled water  1x10% 1x10® 1x10® 1x10° 1x10® 1x10® 1x10°

Citrus oils 1X10° 3x10° 230 0 0 0 0

1) The numbers indicate the number of spores/mé survived.
2) Spores were suspended in distilled water or citrus oils for specific times
indicated, and then their suspensions were spreaded on agar plates.

Table 6. Inhibition of fungal growth by citrus essential oils

Diameter (mm) of

Test microorganism s 1
' growth inhibition zone

}

Alternaria citri 20.1
Botrytis cinerea 16.0
Cladosporum sp. 21.3
Colletotrichum sp. 25.2
Fusarium sp. 24.4
Penicillium italicum 179
Phomopsis citri 18.1
Rhizopus sp. 11.0

1) Diameter of zones showing no growth surrounding 5
mm discs saturated with citrus essential oils,
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Penicillium italicumS E33l0] 839 AP TS Aoz A% ® e
AME BE A% Afe gl BF U (Table 6, Table 7, Fig. 2).

(1A

3

e
=

olyel, Aldgl Eschericﬁia coli ¢+ Staphylococcus aureus® 2}573-?1:51] R
A5AE EkH(Fig. 33 Fig. 4). WA ZE FAE &5, 1159 AT 2

Fo AT N, ABRHE

sroEd FRETE GEgT

Table 7. Effects of various concentrations of citrus essential oils on growth of

fungi in liquid culture

Test microorganism

Concentration of essential oil(v/v%)

0. 1.0 2.0 4.0 6.0
Alternaria citri o - - - -
Botrytis cinerea ¥ + - - -
Cladosporum sp. e + - - -
Colletotrichum sp. R - - - -
Fusarium sp. et - - - -
Penicillium italicum +++ ++ + - -
Phomopsis citri : A+++ - - - -
Rhizopus sp. ot + - _ -

: weak growth, - @ no growth.

* +++ ! good growth, ++ ! moderate growth, +
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Allernaria cilr¥

dadosporkaimr sp.

Phomopsis cilri

Fig. 2. Concentration-dependent antimicrobial activity of citrus oils against
fungi.

a:control, b+ 25, ¢ 50 b, d © 100 s/5mé medium, A : Alternaria citri, B
© Botrytis cinerea, C @ Cladosporum sp., D . Colletotrichum sp., E : Fusarium
sp., I Penicillium italicum, G © Phomopsis citri, H © Rhizopus sp.
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Cell growth(OQ.D. at 540nm)

0 1 2 3 4 5 6 7
Concentration of citrus oil(v/v,%)

Fig. 3. Antibacterial activity of citrus peel oils against Escherichia coli 8749.

0.8

Cell growth{O.D. at 540nm)

1 1 ! L

0 1 2 3 4 5 8 7
Concentration of citrus oil(v/v,%)

Fig. 4. Antibacterial activity of citrus peel oils against Staphylococcus aureus

6538.
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A3 AFE A FAvRE

7NEAY 2ol 2F WUz A% vxe aung A A, Edg9A(PE) ¥

Faste] F2AZA0TH da)ehdrt A3 s5dtel], JEAdo 2 59317
e T A4 638%e FA&E UElud oy, AYE A 40.0%9 #
&8 vebUT, &H, FA 30-50 el low density polyethylene (LDPE) -3
of Xgste] ALAGFAE ol Hal&L 82% (NEA A ) 101% (F4 )
)z F2A%sRE fr Lkt (Table 8).

Table 8. Some fungi observed during cold storage of citrus fruits

.. Penicillium Penicillium ) ) . Total

Fungi italicum  digitatum Botrytis Alternaria Sclerotinia (Decay %)
pretreated 34
with chitosan 21 3 1 2 1 ( 8.29%)
not treated 42
with chitosan 2 12 2 3 1 (10.1%)

FEE2AT FEAHE ALsd AeAFRS W FEEA nAE g
& ZALSHUTHTable 9). AHES £ £719 E70 we o G2 A%E Uy
Hgiou, Z@gzdel RadAd o YE FE Ao B W B
A AUTE YPAA 298 YFERLEY sl AHE Yugch s
ARe] 445 dRAREAL BoolAe] BEF Qo2 Yoy oz AY
o AwA B = ARAAPY, AGue U, LA A Fo BAAN
AAES 278 Aol

Table 10& MA A%ol ol M2 FFpAE vedch 75 729
A% ol UEhE 7+E nARe BN 239 AP0 @ Aaran 2
Astel s ATH(Table 11, 12, 13). 429 A7, 4333, AFLE So
uebd ohA e AYst el o, Penicillium  italicum, P. digitatum,
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Alternaria citri, Fusarium Sp., Sclerotinia species, Phytophthora sp,,

Galactomyces citri, stem-end rot o] F2 WA}

Table 9. Rot ratio of citrus fruits after cold storage for 66 days

Pretreatment
: . Decay (%)
Packaging material Fungicide
Wood vinegar 0.5 ml 2.0
Polyethylene bag with Wood vinegar 1.0 ml 2.8
numerous pin holes of | No treatment 4.2
diameter 0.17mm Citrus oils 1.0 ml 36
Citrus oils 0.5 ml 52
Po]yethylene bag with numerous pin holes of diameter 356
0.17mm , '
Wood vinegar 0.5ml 7.0
Polyethylene bag with Wood vinegar 1.0ml 7.0
36 holes of diameter | No treatment 6.8
6mm Citrus oils 1.0 ml 8.2
Citrus oils 0.5 ml 8.4
Average of Polyethylene bag with 36 holes of diameter 748
6mm '
Total average 5.52
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Table 10. Changes in weight of citrus fruits during cold storage

Pretreatment Weight loss during storage(96)
Storage day | 0 day 15 days 30 days 45 days 60 days 66 days
Wood vinegar| 1,049 9939 9897 9852 9833  98.04
0.5 ml )
Polyethylene | Wood vinegar, 144y 9941 9893 9849 9817  97.88
bag with 1.0ml
NUMETOUS DIN | " ¢ oatment | 100.00 9941 9883 9839 9816  97.87
holes of
diameter Citrus oils
O Tmm o] 10000 9918 9872 9830 9778  97.23
Citrus oils | 10000 9937 9890 9848 9831  97.90
05 ml
Polyethylene bag with
numerous pin holes of 10000 9935 9887 98.43 98.15 97.78
diameter 0.17mm
Wood vinegar|,, 09 g944 9892 9842 9814  97.42
05 ml
Wood vinegar
Polyethylene | 1 51 10000 9933 9870 9809 9786  97.35
bag with 36 | & © . tment | 10000 9967 9919 9872 9793 9593
holes of ' .
diameter 6ram S}lltms ols LO\ 10000 9933 9860 9806 9696  95.42
Citrus oils ‘
10000 9956 9901 9860 9734 9557
0.5 ml
Average of Polyethylene bag
with 36 holes of diameter 100.00 9947 9890 9838 9764  96.34
6mm
Total average 10000 9941 9889 9841 9790  97.06
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Table 11. Investigation of fungi observed during storage of Citrus unshiu

fruits" (continued)

Fungi
Storage P PD AC F S P GC B SR T U
Conditions
Cold storage at JAES/ no
pretreatment 0 7 1 0 3 4 0 0 0 0 7
Cold storage at JAES/
pretreated with mancozeb 27 18 4 2 9 7 0 0 0 0 0
Cold storage at JAES/
pretreated with chitosan 5 1 1 1 5 1 0 0 0 0 0
Cold storage at DSD/ no 9 7 6 1 1 1 O 0 0 0 0
pretreatment
Cold storage at WNNS/ no 15 47 9% 0 44 8 0 9 0 0 9
pretreatment A
Cold storage at WNNS/ no 6 23 10 0 19 13 0 5 0 0 23
pretreatment B ,
Cold storage at WNNS/ '
pretreated with mancozeb 18 2l 4 1 10 6 0 0 0 0.4
e 9% 124 52 5 91 40 0 7 0 0 43
Total(Relative %) @D 2D A O @) © © @ © © ©
Room temperature storage ‘ . ]
at HNR/ pretreated with 3 4 1 0 3 0 o 0 0 0 2
mancozeb
Room temperature storage o 3 9 0 1 0 0 1 0 0 3
at HNR/ no pretreatment '
Room temperature storage
at HNR/ pretreated with| 4 3 3 0 3 0 0 3 0 0 0
chitosan - ‘ '
o 9 10 6 0 7 O 0 4 0 0 b5
Total(Relative ) (22) 24) (15) ©) 47 © (0

(100 ) (0) (12)

1) Investigated on March 15, 2000.

Abbreviations ; PI
Alternaria citri; F
Galactomyces citri, B :

Fusarium, S

Sclerotinia, P
Botrytis, SR : Stem-end’ rot, T ': Trichoderma, U :

Peniciilium italicum, PD : Penicillium digitatum, AC

Phytophthora, GC

Unknown, JAES : Jeju Agricultural Experiment Station, DSD ': Daesung-dong,
WNNS : Wonnamnongsan, HNR : Hannam-ri. .
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Table 12. Investigation of fungi observed during storage of Citrus unshiu

fruits" (continued)

Fungi
Storage , PI. PD AC F S P GC B SR T U
conditions
Cold storage at JAES/
no pretreatment

Cold storage at JAES/ ‘
pretreated with mancozeb 3 0o 9 0 7 5 11 0 3 0 0

Cold storage at JAES/
pretreated with chitosan

Cold storage 'at DSD/ no
pretreatment

Cold storage at WNNS/
no pretreatment A

1 6 3 0 10 o0 41 0 13 0 0

Cold storage at WNNS/

no pretreatment B 4 1 2 0 3 28 0 0 0 0 0

Cold storage at WNNS/

pretreated with mancozeb 1 0 3.0 2 7 10 0 9 0 0

21 2 38 3 34 7 117 0 2 0 0

Total(Relative %) | 7y () (12) 1) 1) 23) 3D © (& © O

Room temperature
storage at HNR/ 1 3 2 0 0 4 0 0 0O 0 0
pretreated with mancozeb

Room temperature
storage at HNR/ 2 0 5 0 0 5 0 1 0O 0 0
no pretreatment

Room temperature
storage at HNR/ 1 0O 0 0 0 0 0 0 0 0 0
pretreated with chitosan

4 3 7 0 0 9 0 1 0 0 0

Total(Relative %) |7 (2 29 @ @ @8 © @ © © ©

1) Investigated on March 27, 2000.

Abbreviations ; Pl : Penicillium italicum, PD : Penicillium digitatum, AC :
Alternaria citri, ¥ @ Fusarium, S . Sclerotinia, P . Phytophthora, GC
Galactomyces citri, B : Botrytis, SR : Stem-end rot, T : Trichoderma, U :
Unknown, JAES @ Jeju Agricultural Experiment Station, DSD : Daesung-dong,
WNNS | Wonnamnongsan, HNR : Hannam-ri.
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Table 13. Investigation of fungi observed during storage of Citrus unshiu

fruits"(continued)

Fungi

Storage Pl PD AC F S P GC B SR T U
Conditions
Cold storage at JAES/ O 4 3 0 0 0 4 1 4 3 1
no pretreatment

Cold storage at JAES/ ,
pretreated with mancozeb 0 0 3 3 3 0 4 0 5 10 1
Cold storage at JAES/ ‘
pretreated with chitosan 3 2 1 2 3 0 38 4 9 0 4
Cold storage at DSD/ 0 4 5 92 0 0 0 0 0 4 1
no pretreatment ,

Cold storage at WNNS/

no pretreatment A 10 4 3 6 2 3 4 3 0 1
Cold storage at WNNS/ ’ ' ‘

no pretreatment B 3 ! 3 1 5 0 1 9 4 0 3
Cold storage at WNNS/ . o

pretreated with mancozeb 3 0 2 4 6 3 0 0 1 125

19 11 21 15 23 5 20 18 26 29 16

Total(Relative %) .

9 By Ao

(h_(11) (2 10

9) (13) (14) (8)

Room temperature storage

at HNR/pretreated with | 0 4 2 o 0 3 0 3 3 1
mancozeb
Room temperature storage | ‘
at HNR/no pretreatment 2.2 0 0 0 3 3 ¢ 2 0 1
Room temperature storage
at HNR/pretreated with 4 9 0 1 0o 3 0 0O 0 0 b
chitosan . _
. 6 15 2 2 0 6 6 0 5 3 7
TotalRelative %) 1(15) (09) (4 (4 (® (12) 12 (© @) () (13

1) Investigated on April 4, 2000. , , o ,
Abbreviations ; PI @ Penicillium italicum, PD . : Penicillium digitatum, AC :
| Phytophthora, GC :
Galactomyces citri, B : Botrytis, SR : Stem-end rot, T : Trichoderma, U :

Alternaria citri, F

Fusarium, S

. Sclerotinia, P

Unknown, JAES : Jeju Agricultural Experiment Station, DSD @ Daesung-dong,

WNNS : Wonnamnongsan, HNR @ Hannam-ri.
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