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Improvement of Postharvest Treatments and Long-term

Storage techniques of Astringent Persimmom and
Chestnut Fruits to Increase Marketability
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SUMMARY

This experiment was conducted to develop postharvest practices to
increase the marketing period of astringent persimmons and chestnuts

produced in Korea.

1. Astringent persimmon

Vacuum sealing of astringent persimmons using low density plastic
film (60-80um in thickness) greatly increased the storage time up to 6
months. Also, astringency disappeared during storage without any further
treatment.

Fruit remained the freshness and firmness for 5 to 7 days when
vacuum sealed fruit were placed at ambient temperature. Etylene removal
with ethylene scrubber in vacuum sealing environment contributed to
keep freshness in part. However, immature fruit (harvested 10 days prior
to optimum harvest season) developed flesh brown and late-harvested
fruit became soft within 3 months. There were differences in occurrence
of flesh browning disordered between cultivars. This disorder was more
severe in 'Hachiya’ than 'Hiratanenashi’ and ‘Chungdobansi’. Thus this
storage technique <can be recommended to cultivars such as

'Chungdobansi’ and ’'Hiratanenashi’.



Delay treatment reduced the storage time of persimmon fruit due to
the softening. Thus, fruits showed the high storage response when
vacuum-sealed with 5 days after harvest.

Application of oxygen scrubber in plastic wrapping container using low
density plastic film without vacuum also increased the storage time of
astringent persimmons up to 2 months. Also, fruit lost astringency
v}ithin 2 months. Ethylene scrubber packed with oxygen scrubber
prolonged the storage time of fruit another 1 to 2 months. And fruit did
not developed browning disorder. However, fruit became soft when
exposed to ambient temperature with 3-4 days. Thus, this postharvest
technique is recommended to the short and/or mid-term storage.

Removal of ethylene during deastringent treatment prevented fruit
softening in part. This indicated that softening of astringent persimmons
is affected by ethylene.

Wrapping of frozen astringent persimmons with shrink film was
effectively increased the market quality of fruit. This treatment also
contributed to skin browning of thawed fruits. Optimum temperature for
the storage of frozen persimmon is considered below -15C. At higher
temperature(-5T), fruit developed severe skin browning with 2 months

resulted great loss of market quality.
2. Chestnut

Rapid physiological changes occurred in fresh chestnuts within 2



months. These changes included severe loss of stored starch and
increase of soluble sugars. Respiration of fresh chestnut ranged from
768-1052 mg-COykg/hr. Ethylene evolution was very low at harvest
and during storage. Resipiration in storage temperature increased 3-4
months after storage. This increase of respiration was agreed with the
time of rate loss of starch and increase of total soluble sugars.

Difficulty to control fruit temperature at early stage of storage in
commercial stores seemed to be not resulted from the high respiration of
fruits. This problem was improved to adjust the loading amount and
time.

CA storage of chestnut was effective to control decay and to maintain
the internal quality such as starch and soluble sugar content. High CO:
(6%) was not effective when Oz was low (2%). In examined CO: (6%)
environment, 4% Oz was more favorable to chestnut.

Fungal infection in skin increased after 2 months of storage even
though flesh of chestnut did not decayed and this contamination resulted
the decrease of market quality. Postharvest management program is
required to be introduced to inhibit the fungal infection and decay.

Presorting of chestnuts through water was effective to remove
unfavorable fruits for long-term storage. Addition of salts (2.5%) in
dumping water increased the sorting effect.

Fumigation of chestnut after harvest was effectively conducted with
aluminum phosphide or CS; with 24 hours at the concentration 1lg and

25 ml/100L, respectively. Fummigating effect was enhanced with



circulation of air during treatment using simple circulating fans.
Application of high molecular weight chitosan on stored chestnut was
found to be effective to recover glossy of skin and this treatment
contributed to delayed fungus contamination during marketing period.
Peeled chestnut rapidly developed browning probably due to the
oxidation of tannin. Color change resulted in the decrease of market
quality. However, water soaking of peeled chestnut was found not to
be favorable because soluble sugar loss during water soaking resulted in
the decrease of sensory quality. And bacterial contamination occurred
during water soaking of chestnut after peeling. Also, decay of fruit
increased during marketing condition. Washing of peeled chestnut with
ozonated water (0.2 ppm) significantly prevented the color change and

decay.
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EE ALE TN Aol @E 2t d¥AgR FAHIE Re
Adste AQstn vud o] dAFT AL ALY dF AL o
HE P2 Qo] 7k AR FIT AL FA%d 4dPE LA

ZE AYe 543 JdFA 242 @ 3WHoz £YP3Y



2. 837 (L E A

Add FdE dyez ALY ERZVIE ol &ty ERFE AAEAE
H 1L 5/ £FE 71FL2 da F5o w2t 4M7A FAlY X
Aot 2 ARE vEsAY. #FY =T 71AH &Y FHo| Z@dHo
ZAPSEA] R ou HFLdgdd Zeodd YFo) &4Hs) DL WA
#Ae AAste 2R 2 Ed 252 ALE HES AHEIAE
g F7A%E 50-80umel Rg BEsHU ALz ZdEd Foldd 7
S metME 754 AGHEE Bt EFLES Az AHEEIE ¥
At

ZA4EEE vk AL F225T0)AA 1492 BAAN F 0T AR S
AA AT dF FL4L T A dEIANAAE A TR THFE7)
W g AAste AAE Pt dIAAANE BEE AAE A
43

3. 84 % ¥3A7

e4AeE BYHA HYE A NVL96%), Seolotolag
A88AR, Aol w AYAAAAE FA NS, Y APe
BLERNY 80ume) AYE Fol@A FAE Vo] ARFY HAL
e Tg gaad dULAAAE FAG EHsie] YL ANFAT
o] A% AYANAAL FF2A9lS SAs perlited] YA FFAR
te dzsd ARt ¥ Fde 100 ¥ Exy 716 go}
5% A2 NSHAT. NS Y LI olAVE, Ax EE



qEAFTLE WUsE ZFAHo2 xASIAC.

4. A3 A R 5498 ¥F A%

TS AT dEIAANG2 AN HS FEHLE drt AlFd o
%YE S o839 EZRAY. FHFEUES 20um FAHY A AHEIHA
gl ZAo] FdE Fol HAANYL F 250TCH IFE 3-423 718l9 €&
FEAZ oW Mg ukxl AAL 5T -15Cq 22 A3t o
TE 4F HFde Astd oF adzE dFAFES AAsy

go rr Y

g

5. Wadel % F 44 2 £3

S8 BAd AEE %9 dd=2 FAE AL E dydes £xE
EE 2588 U2 T80 AxHAAY T2l Astd UHL S A
e 49e s dF 4F L FAENIAY dxd B dAE @
g AR vER EYHA AEAAE A v A

FTRAFAE AR A8 FhAAM E3] AR e CSEFAY
A AAE FAstd AP FANAG 4 TAG AL 8 F
Al dYA2 SAG ¥ FASAen dF HdYLe £ FHE 2
447k E@ste PuptolE PN 9§ ¥FE AAEAG E5E vbA
F4E& 2% Add dolgle T & ARAY. FFFE R AL
A7 BrIAT & A7 B¢ FFE FERY oA EfH
of 3T A4S dder 4¥9E dASAH.



6. W3t AF £ Ae

AeAZE HodE Y3t £3d AYs dAsA ¥ s7hdA
T A e Bu7t BHE Gdst ol AP Aoz BAy)
Hatd AAE Asts F$E BAHALBR olF A7) Yo 7B
A T84 G228 AHAY OF A2AA 0uns AUEEdEF Y
1 kg¥ TRAsIAo™ 248 o3 fde 42 = A2(5-100)9 23
B 93 FAE zAEAY

7124k B9 £2F 1,000,0000139) nEA 71 EA3%)E FAsA 3
A O A R0 X APsAen B gepdE A
A H2g vk} Hde FHol I PzE UE Etr¥ Ex 9
EREA Fold 2xzAel AR

8ol FdAzE SAo B} FEHYLY By FYYEE &
to2 @AM $4, ¢35, EF 35FoE FE BN

7. 99 & o&EF & AH

A2 799 AL s dYPd FAHRAY dzxFE2 FAH
A& FALH dRE FHTA Fol FAL Ao wais waw2 s
A3t ascorbic acidE 23ttt

LEF At LEFLAVIZYH VEAN 2ESFE ¥E 01-02ppme
2 3o 7k gRol &2 Asidch Hels vlA Ao dRE Aux
ZR2Y YEGumo2 AYEY dAn e AAAY o] YEsy
ARetgdct A LEE 0CE §A59)



ESF A4S AT F4Y BEHY MTIUEE ZAE] Ao HAdE
25Fd ol 1083 Agsto AFE st ZAEN Y N AP
e B8E vyt AZUEE ZASAG. A7 BAF §98 107
2 ME 94F, F4 Y 100u/E FH3td nutrient agarviA]o] =X st 30T
A A 24A12t Wi g7 F colonyE AHEHA

& 2T F=E &5 2AJIZNH Ut EE ol F4 indigod
A9 gAatgg A Ao AF AR A HHY 2AL 7+d
e TUT 2AM YL wEAAG IR APl & 2LEF ¥
E %% J|E(Chemets, USA)E FY4359 Agstch

e wog Ry GO &A% A Ysto g #49 XA
Hde] £7 L #HAF FFE ZAAR FIE S99 F2d FEFE
zA9c =3 HYE okA F AR Ao RS 2AE @AY
=& wxsch
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CA 24& 7H2EWIE ARs] YASGAEH U 725 ES 2D
e #3e RS APAAch shx 2L Hshe] o) Absher2(100%)9
FAN(R4 21%)8 EFs Aas olustgs T zAsdgon, A
5 U9 B2 3Nz 18 £88 AEY §3E FFHY IR F7)
24E 12A 87 fste] QY oY o MHTL B As FEE 27
o AW the 4P YAlHA
FHzAe RABR Fro dolz 2AAYL AT Fre Zo ¥ &
dol WE £ nY PR Qo) ol gk Az Frlo 9@
#AE B7] Yato] TYAI 2EAE 2o B2 SheBe Ao CA
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Az EEEE M9 FUY. CA AU FE= FEAS AW
2&39 deogE £3% oS &UsA

ojatsigta ¥ 4tAh FTEE GC (TCD)E o83y FAddYoy AR
AYL Fd§ SH71E o839 712 FEE 4AY. dEddstxE
GC (FID)E o} &3ta FR3AH.

g oby FH4LS Tle HAE 58 TR AFAund JdutRod, 73
Sl wetE S00L TR AW d ¥o] ARsAT. AH 2EE F
8 EAISHA] @€ ¥ 0CE 7122 3, 4L wExddAME 20T &
T U9 #32IA FAHE EgxAE Fodtd 4PE dA A

9. }4 ¥F2 &4

ezel B4 34 FAL 2RI U8 A= L BRE 2Absac
AE: A% A=Az 33%9%, F94de H=27 (Minolta CR-200,
Japan)2 ERGOR 7Hey 1YE FWEe AFY AFS TAYEAS
g3t} HRsgTh 4 FFe HFFE PO 0IN-NaOHZ HAQste)
Aspaez Sat EAST,

Ave B5Ho2 9e ZASY U WG4 4 219} 58
2 FEse EASRGT 4YH g BAPEE A0 BASA 9
29 EW Ex 3§ FUAEE 4D o, AROIN NS Aoz

2

o] e AEFLS 23 UL UE U FFIHA 80THA 3-493
FEAY F FAE 8989 AU g3 FELS Aoz FF3A
Bdo] fAE FE T80 FYPERE FE8 EANAUH

AE FF2 AAxF 5g& Hstd DMSO(90%) 25 ml& 7t&te] nia gt



O3 &8 AEE 24/ 23] F 53 AR FAE weln &4
4EE AdAd 7)o 95% SAF v div] w9 dEEE ] AE
€ FBAY 9& dA dA4EYsd FAE HEAd FAE 00IN-
NaOHdll &#A#A ddEdsden 4Ada4g Haod A E2HN82 4
UTHAOAC, 1993). HEE XL anthoronY o2 &A 5 At

7184 BRE 80% dEe S shsted A nlAF & 60TAA 23
F28 g A AR FF L FdF FFE A Y. FIFe
phenol-sulfuric acid &2 v MY o #AFL 2-cyanoacetamides
€ ol &a EFAH3}ATH10).



H 3z da ¥ u#

A 14, @239 SFA7C g AL AR
&3 74

Wede §40] F=Ya @ o] Fa wel 2uEE A4dY Gl
. 2y $8§F AL Q& uto] Fao 2uiE 48 £ Q7] 9§
o A4nlg AR AT GAALNE AFMF H&o] Mo 2AAIE
FdzAE 44 A 7Iez 2N AL F871%e 5-7ddd £
39 8% FEHOZ AgHE A9U Wol We Ao AA2AM9 4
7h AdAQY o] Han Yok, d¥ dgE FLE Lvgn oy A4
S A % Fo 24 SFHAY FHAt ASAq FF T &4 B 5
A A7jdr Auld Rold

el g4e g4 22 £3E acetaldehyde =7 F23HA
&3 Aoz A doenz(2], 22) HAY dAREE ol &3 ArlE
AASFE @ete] wAdLD + glow APrLe AN & A& 7HeAol
AAE v o4, 5). HEA B ATy €22E AULdE Y
FAY FrI3FE TR ohgE AL BAE TES AYAEE
A7inz e dFE AZSdAY £ AV o2 g4 [Jug
< A9 AAEE AR 43 £E A9zt s

‘PR AFUE FFE Ao AYPHA FAVE HAF7E o
A 1094, A%7), € H% 104 3 44 A4 g 83 AdL% A
2 g AASAHE 1.



E 1 9&d BRF FFAM A7 fE AALEFAM} Fxwst
d " AE I

%712 4)
F&A71 A 9 KAl

0 2 4 6
A= (kg)
Control - 5.20 3% 3.50 358
PE 60um - - 3.68 299 317
Hq = PE 60um + - 4.31 4.18 3.56
1094 PE 60um+ES + - 4.66 4.52 397
PE 80um + - 4.51 4.03 3.77
PE 80um+ES + - 4.57 4.18 4.22
Control - 4.42 3.40 201 2.15
PE 60um - - 3.50 1.75% 1.43+
n 2 PE 60um + - 3.89 3.66 2.834
PE 60um+ES + - 3.74 3.25 2.21
PE 80um + - 4.24 3.97 3.37
PE 80um+ES + - 443 3.87 3.67
Control - 4.02 0.97* ks A3t
PE 60um - - 0.81* " "
2N PE 60um + - 1.69* " "
104 % PE 60um+ES + - 1.40= " "
PE 80um + - 2.95 g "
PE 80um+ES + - 1.85 " "

"hge) ARt A%



F8AI7]d w2t FYd FE W 2ol EAFJEH ANFHoz Hx
109 38 B $&AF AxE 52kgo 2 7MY B3 £717F A
4 E FEJ AA3 A FFL LAFAYG. 28 A% ol¥9 F
EWE Hz 109 Ad 8 JddM M3 AJew A 67/HU7A
Ao @Aglel viRd FAxst A FASH Ast® Hdo] VAR ¢
teh, 22y AbEA] @3 polyethylene film(PE)%EX| o) dol A3 344
o) Axe A% 6/MYq 317kgo 2 ZALS O] 3279} 358kgRtt 2t
o} Rkl ZjF ERAYTFY Bxe FARFY FAEA 4L PESA A
A vt dAE =%k 53 ALIAAAE A £} AUt A
$ FU¥ PEFAAME FE7t E3dth €A 7o At AHAHA o
g pAE AR dolA AXel(l, 29, 14) BN E AL A3}
g A= BE A= 719 A

H&7ld 8% H4de ¢ PEXY AgdA A% 444 st 7
do] #EH7] AR Ln YA E dFE AGHAT. B X
27 HdE AEE A3 FAHJAT FUAoz AFUE o A€
FAL EAHA Ayt ALIAAAE Pol T S Axvt =%
B £3] PE 9§ A 80umdA 7HE A FAHAD

A& 109 Fo %3 H#4E PE 80um YA E AYsnes ZE A
geolM A 20 dHAe™ T4 PEXZS AS A543zt @4
3 AstAl APSHUY ol FHAE H¥E | FYLF AZL ‘FRYy
FFY ARVRRE A FAATISd 79T Reg Aidn. 53 9
dAAAA Agdes Fd AddME #& AgE QA= ARt e
Aoz HAHAY. wetA 7 FA9 I JFAFL g HAe) ws
o AT dE@e g 3o vig VAP AL AAY F YUk

HA9 FARFL FEF AdA ZA F7HEHNE 2) A% 108 A



E 2 "W HYF FFAA FEA7A wE AAAEAt FARH

F&A71 A d e i
0 2 4 6
2 (%)
Control - 0 4.20 7.98 10.08
PE 60um - - 0.62 2.85 4.14
o= PE 60um - 0 0.36 0.79
1043 PE 60um+ES  + - 0 0.37 0.68
PE 80um + - 0 0.38 0.69
PE 80um+ES  + - 0 0.35 0.75
Control - 0 401 7.35 12.37
PE 60um - - 0.78 0.84 1.94
q & PE 60um + - 0 0.54 091
PE 60um+ES  + - 0 045 0.40
PE 80um + - 0 0.45 0.52
PE 80um+ES  + - 0 0.49 0.43
Control - 0 401 - -
PE 60um - - 0.78 - -
H = PE 60um + - 0 - -
104 % PE 60um+ES  + - 0 - -
PE 80um + - 0 - -
PE 80um+ES  + - 0 - -




T Hd B¢ AG 2RYe olm 42%9] FFo] XAHAR AHY 6
Yol = 1008%9 ZFE BAFYe

Rtdol Hgo)o) 3% R4 FFL usd JAdug 98 Be 3
ot AUIAEY EAALY B Ao FHF Aol RAFA ¥}
n AwtAHoez AF 64474 1% "] 2F-E Jelulo] PEX G w&
AL A AN Aoz AAHAG g A4 AANEHA Fe H
T EisgoM A 674Ul 4.14%, H%7)e) &3 Bdo B9 1.94%9
#FE 47 RAFA

Aed Avlg AN IR 3), HE 1084 $£8F Fx2 AL
A% 6AE7A ARZE BEA detdRd W PE 3 A9 A¢ A
e o= AE AAHAAT F5Ho2 HENL AA =2 & U A
ojth Iy AYLRE A AY EFA Tt AEAAAA A
BACl A 27 Yol ZE FANM 4nst AH =AX =] o} A 270
4 oludl g4lo] ¢ud Aoz AHUT way F8 F dxe g4t
AZE AAX F1 AvE AAY F YQenz AAUEZFY HYe ‘Y
BE FF A71AG EAAHA Reg BaEHUY,

a2y FEA 7)Y whet ol d AetAE Hele A5 B doege
d, &% ZUALEe A% RY7AE A BRHA o a1 03
T A 2Hg do 4o wAHUY

H& 28 Bale TANVR AolE dERdEd A5 109 A ¢
g3 RdoA AsAn, H57)d FEF FLANE dAAYo] FEHY
Agt v)g- w g Feio]ATHE 4). 53] dHALL PEEE FA7 80um
¢ 3¢ o% A3 ol 4y F&e A% 109 Aol £8F FA9
FUE A2ARoY ALY S8 Hd9 FS e zolg 5 He
TEY =7 opM &84 AV Qe Aoz BAHYU
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E 3 92 BYF FTFAN A7 @E FALEALYI He %

dRE 4
T B T AR
0 2 4 6
se o
Control - 50 50 5.0 44
PE 60um - - 50 44 1.8
s PE 60um + - 0 0 0
109 PE 60um+ES + - 0 0 0
PE 8um + - 0 0 0
PE 80um+ES + - 0 0 0
Control - 50 42 40 40
PE 60um - - 4.2 42 2.8
q & PE 60um + - 0 0 0
PE 60um+ES + - 0 0 0
PE 80um + - 0 0 0
PE 80um+ES + - 0 0 0
Control - 50 2.2 20 -
PE 60un - - 20 20 -
A o PE 60um + - 0 0 -
109 % PE 60um+ES + - 0 0 -
PE 80um + - 0 0 -
PE 80um+ES + - 0 0 -

Aule o(@EeMAM S W32 FESH EAF



E 4 "7 HAY FFAM FGA7Y wE AgAB At g
g mlA= 9%

A47134(4)
FEA7] A g Zet

0 2 4 6
E] [+) 1{ E-ﬂz
Control - 0 0 0 0.4
%  PE 60um + - 0 0.7 43
1093 PE 60um+ES + - 0 1.0 42
PE 80um * - 0 2.0 30
PE 80um+ES + - 0 3.0 34
Control - 0 0 0.2 0
PE 60um - - 0 0.8 0
q & FE60um + - 0 16 04
PE 60um+ES  + - 0 15 09
PE 80um + - 0 L1 1.9
PE 80um+ES + - 0 1.0 24
Control - 0 0 - -
PE 60um - - 0 - -
S PE 60um + - 0 - _
104%  PE 60um+ES  + - 0 i} )
PE 80um + - 0 _ _
PE 80um+ES + - 0 - -

‘BATBZEE 0R|AE)ANA 5 AEhez TR FAIR



& 2 G 24 AHAHY 49U 2AEA ¥kAw Fr1xPd
A AGAA Z710 2] wE 2Ad Adid gF Fad Aol
Attt EF ALEIAANAANE A EZF F Loz old Frt FaHA
%S AL S HASTEFEH dEAF Bl QUSE YN E Aoz FH
.

Y Fdle Auxzd £ SEFAE 2AG=U((R), & EFdAME A
2H AP AL E ddez 498 FYsidenz £84d zdd ¢
Fle ohiy YA 2F F dAPEEY WA g Aoz FH
go.

B F4e Ao 5¥E 4L UEA goyd #S Addd
2 Fort FEF s BAHI AFEY 2 FAe] Ha GAHE A
g B FAHIY. D. 2y F40] ofF AA JFdd BvdE #
Sz 9 ZUFgol RYAqA HAHE B2 AUAT dinE FdLe
F& 279 AN FUFLE LAFUAY. v FLAM wig YAl
a7k 28 F¢E Addne AU w9 WEE BAFA gt

AFYES] AJER EFo] dig g e HHFY g2t RolE By
FAd 3d == dAHes ‘GAYR'ET & AL LAFUEd, A
S 108d0] S8 Fde] F8FA FEE 58dkgol e AF oFd=
‘BT RG BErE A FAHAJAKE 5). webs & 719 Ao A
2ol ZE AV g3 dstd A4 e dEgA] gstt

A ZFE BYR FFI FAS BEE B AULRE A A6
Y T FEo] 1% vl UTHE 6).



a9 1 'HYR FdoA 24 dsdd T4
(31 A% 4NdF9 AW, 3 FSDRFH)



B S5 "ed AFWEF FFAM FEAIH HE AALEeAYI} Az

X= 9%
F8 A7) A g 2t AREED)
0 2 4 6
A= (kg)
Control - 5.84 417 338 361
PE 60um - - 430 428 312
4 &  PE 60un . - 458 448 438
104" PE 60um+ES  + - 457 451 447
PE 80um + - 459 448 4,02
PE 80um+ES  + - 476 475 470
Control - 5.33 405 375 2.72
PE 60um - - 407 388 2.44
q « PE6oum ¥ - 441 415 3.76
PE 60um+ES  + - 424 414 401
PE 80um + - 453 423 388
PE 80um+ES  + - 433 4.40 430
Control - 5.30 330 278 2.72
PE 60um - - 367 2.86 2.44
4 %  PE 60unm + - 417 439 376
109%  PE 60um+*ES  + - 426 3.99 401
PE 80um + - 430 3.89 3.89
PE 80um+ES  + - 420 410 419




E 6 Wed JFUE ITFTAA s8N wE AL At FAZ
F e 9%

] A3 717H(2)
#8471 A @ By

0 2 4 6
23 (%)
Control - 0 451 6.84 10.51
PE 60um - - 0.91 1.26 1.82
A = PE 60um + - 0.40 0.39 0.92
1093 PE 60um+ES  + - 0.60 0.64 0.82
PE 80um + - 0.41 0.64 0.79
PE 8um+ES  + - 0.44 0.51 0.80
Control - 0 4.59 7.49 1147
PE 60um - - 0.98 1.43 2.09
2 PE 60um + - 0.78 0.87 094
PE 60um+ES  + - 0.59 0.66 0.79
PE 80um + - 0.46 0.74 0.81
PE 80um+ES  + - 0.39 055 0.82
Control - 0 3.60 6.82 10.14
PE 60um - - 1.29 1.32 2.09
3 = PE 60um + - 0.24 0.38 0.4
109 % PE 60um+ES  + - 0.18 038 0.59
PE 80um + - - 0.75 0.61
PE 80um+ES  + - - 0.75 0.82




Aol dAyes ‘PHP'EYg AFL FAHJEH H=x 104 dH
Hgolo o Fde AF N7 e Aulst dof AT §E
& FoEdA A =AAE FECUR, AFFAAME S %
2 UAAHE 7). A5 108 Fo 88 A4 A 24 Fo gL
gto] @3] AjASH H&4d EHFol AU
g 2 A HYY FTFEG Y AsA ¢A® e Jege
, B3 A% 1093 o8 FHAME 3 FHFHAN HF 23]
Z¥d 34 32E 5 dE AECIJNE 8, 24, 2). Y B &
e Ao Aolzk ANS ¥ BYF'G FAHAC F, @A FaA= A4
AL FAA A= HFa Gdde Aoz e Agid 4@ FH
Aoz FR3Y + AU

ool AAE A9 & w, PE ZUXH AR €29 AFAEE A
gAY F de wdez SAHAAR FFo] & HEAHA B Ao
g UJEE Aoz #ddHNY & A7dA HEY FYFE= PARE
FAQA HFYE IS 22AFYL zAost e Aew AFHY §Ao
AL B9 22U a0t FE3HY AR 08 2 A% e
2 F3% 4 gtk

E Ao dojzl Ziel g ZAARE A AP wEe FH|d

285 Ao g9 Z73E YA, A7 AR we} o
¢ Fdolv A& FHdME AZYol AL Ao dEyy. o
A 22U AFEQD AHEDVA'E oz Hrlo 83 J4S gdez A
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® 7. 9WeRd HFUE FFoM F&A74 e FGLFALYs WL o

d e 4%
FEA]7) A 2] Zagls ABHD
0 2 4 6
< g
Control - 50 5.0 49 14
PE 60um - - 46 45 02
A o PE 60umn + - 0.6 0.6 0
1044 PE 60um+ES + - 0.6 0.6 0
PE 80um + - 0.6 0.6 0
PE 80um+ES + - 0.6 0.6 0
Control - 50 49 48 49
PE 60um - - 43 42 2.6
PE 60um + - 0.2 0.2 0
5 %
PE 60um+ES + - 0.2 02 0
PE 80um + - 0.3 0.2 0
PE 80um+ES + - 03 0.2 0
Control - 50 438 42 42
PE 60um - - 47 36 2.0
3 = PE 60um + - 0 0 0
1049 % PE 60um+ES + - 0 0 0
PE 80um + - 0 0 0
PE 80um+ES + - 0 0 0

e 0(HS )4 5(l¢ €32 FESH A



® 8 ged ‘AFYF FTFAM AV HE AALENAN #52

W g oxE 9%

AZ717(")
T8 A7 A 9 ARl

0 2 4 6
3533z

Control - 0 21 38 30

PE 60um - - 2.7 32 2.2

A = PE 60um + ~ 27 31 32
1044 PE 60um+ES + - 34 29 2.9
PE 80um + - 38 35 2.8

PE 80um+ES + - 2.7 38 2.2

Control - 0 0 2.0 2.6

PE 60um - - 0 16 2.4

q 2 PE 60um + - 0 35 2.9
PE 60um+ES + - 0 34 2.7

PE 80um + - 0 36 2.4

PE 80um+ES + - 0 33 3.0

Control - 0 13 2.4 2.0

PE 60um - - 1.0 22 2.8

ZS I PE 60um + - 32 30 1.9
109 % PE 60um+ES + - 26 21 2.0
PE 80um + - 35 26 1.8

PE 80um+ES + - 41 29 2.0

FALAREE W(AS)A 5l e TR EAE
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g AFdAE AEANGM S AL TAAS FUs HEE
te Agd TASAL.

2% gA9 FEE 65kgolQTd 4L EE Ao Ry B AE
As7t w2 AASYHY. . Dby 4E 59U uwe Fo Au:
634kgo 2 ZASYD 5Col AP FALE ol fA4HE FZolUth 109
2 4eo) BPE RS AEst 13kgolHE Basoel REHoZ Qg
gome & AN Adsin B AEe YnAA A4t s
2 0g BEs Pads FE BaFAEY A% 648 £ FE: =
A EHstd An@ AlM 713 Eob 406kgol A, ol FeelM 59
2 BRY AT 37keolNow M w2 Asky AL 1097 Yn
AANZ A2 AF AU 2H8 AU

s AR el AF A8 ok J=d YnE AAA
A% AR He w2 2485 AglATHIY. 3. A% 5AY Fe
Avle sewel A ke AXE Bl ZAUY F A¥s} =AY B
grEe) AL FAs LAsY,

F49 MSE % F 592 YTE AAANY ALlE FA AnY A%
st atolst GO 1093 ARE AANY BT AF AU Mol
328 3/ =0} 2EYo2 ASHJHE 9).

A% Bde EAL ZAS A3k 1¥E FFe Anst AAYSE A
3 past 29e Bd £8YA 2YE TIL 186%0IYoY YuE
AN Ae 179%ANAH 171%2 FASIAHE 10). oleld AU o7
of ¥ o +8% U9 YAH Wssl WS BE AYSE AL ¢ &
ATk APrIke] Wojdse Wil Pase 2AE BAZJOY Hez
o sole WARA Bk}



Hardness(kg)

-——0 —- 5{AFR)
1 r —8—-5(5T) —B=-10(10C)
0 S SRS t 1 t t
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6
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w
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Days of storage{month)

a9, 3 AAAEH AQdust FERAN'Y A T FES Avid oA
I



E 9 ZUUEH AAAnst ‘FEAY AAF B4 Ws) njNe 9%

Hunter value

JuAA(Y) A7)

a b

0 66.15 19.21 59.13

3 63.92 22.07 57.25

0 4 64.62 24.22 59.69

5 63.26 21.77 57.04

6 63.63 1573 55.37

0 65.89 2352 60.83

3 60.16 25.53 59.63

5 4 61.96 23.36 55.85
(&)

5 62.04 24.33 52.62

6 63.03 25.15 56.62

0 62.51 29.62 58.66

3 62.53 26.31 54.63

(S?C ) 4 62.54 24.25 57.03

5 61.81 22.18 54.93

6 63.58 26,53 54.71

0 62.51 29.62 58.66

(51((): ) 3 65.69 25.70 60.35

4 58.23 24.24 48.90




R 10. Z24EEH AQYQn7E ‘AEWAY AR T FAA A= %

9% T 59
WARER) AR o %) (mg/gfrwt)

0 18.60 0.248 799

3 16.93 0.087 724

0 4 1567 0.050 620

5 15.83 0.074 578

6 1557 0.056 68.6

0 17.87 0.152 80.1

5 3 16.33 0.095 719

re) 4 15.80 0076 587

5 15.43 0.063 50.3

6 15.17 0.063 67.8

0 17.13 0.214 709

3 17.10 0.088 73.3

(S?C) 4 1657 0078 634

5 1653 0.058 59.2

6 15.87 0.069 58.2

0 17.13 0.214 722

10 3 1959 0.186 659
6T) 4 1757 0.089 -
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FAoug FYF AL AN w2}t FEF ZASAHIE. 4).

e Fde dxn A Axe AHL7)Y HHEY g2 2 SAHNY
d AF Folle 238 Ax A3/ 0% BEA APIANITE. 5). @
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Aol HMe ¥zl AAHoz dojuhe Aoz #YF 5 U

HAde Axrt A% MY E 5ol 30kgol BHAY ALF AE
@ AU e AFYEH G2 AYH FaAst dAstA Fe Ade
AENAIY YA HI3Aol Aed F FFTRU 7] wWEes &
gy JF 649712 A2 n YR o]l4Y Fxe HEE FAD
Ho 2 ujFol B uf WMAFE AFAZA AW Aoz A4Y 4+ Ao

2 48 & 547tA FAAR 2t vehd o2 njFo £ o 'Y
=AY AgAAGol 7 Fdte O gEo] ‘HAF FFA Rew
Bdd.

F5 SHAYAAN AiE TAE W2 RAARE ANE 2, B
S AUt w2A APHo A /HY olFdE FEHLE dgd H4do)
BEHAAL el s AP L2 AHE FES BAFAHE 1D, =8
ArlE Rdo] REHo Astd PN F AW 7hE RN v
7} AR AAAR BARF} Aoz EAS  UAUT =R AP ¥
A2 xE2AZ 9 2d FEA Aol HA Wete T FA AA AdH
At 9 G2 FEE Y'Y B ¢E TAS v G E KA
FAR g A F).

AALE AR LS FANINY] Ao Aded 49 22 13 244
#Ae AMFE 1670914 240742 zA3td st dAAHI A7
& 5 ALz A AR FAskiey ERAAE aA € B
AYALE 258 £ Jod YA FAA FEe] Brle BF7 2%
A3, B FAAI7E AUAA dFH o] EAsE FEE AN
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At 9ge B4 fad Rew A glol AYE PES YA
o vlxe 4EE AEIYHE 1D. 284 HEx dE59) vzt A<t
AFe xZAddE & o7t YN AH7|%e] Fgd ol Fde iy
¥ AedAM gzl EolW FHE HAULW, FEJ Y Fd 2
A ASEAD 4AYels A ZE H4io] REHOZ QAstHo Ay
A 7INE ZAsY. olA¥ A YEFAZA A Aeke] &R
3] AAHEst LREFL FAHA X g J|dd & Rez @d
ol Aty UEe AYEH LA2 FAHIE AL ¢ 5 AU

E A7 £F9 geydd g AAAREE JES 2, dAAF
A AEPAY HYF FF AUAGAE] 4 Aoz HIMUHE
12). o] ¥ EF9 AT HA 41 ojgoln ‘A=uA'Y H$ 6749
A ARz ol8d Ax HFEE FASYG. Wdd ‘AFuWE'S] B¢
#&ado] HaA A FLAF EHAR, ‘YIHA B §A19
73S FHgol Al dstso] o FEF WA= FEAY wE #At
HEAe g FF A7V oy Aoz AIHUY. 53 HHTe
EgAY A ARE v F AUAHE /AL BF A8 Hd 7Y
7HA Ad=H FE 3.

weld F71ARE EHo2 ¥ Ay FEAJE BAz}E Rl Wf F
239 FPAQA £7dM £8&F FAE Fed 5YAE B@se] AAA
e ¥ BS olFd 3-497A Mol stEdrE o Al7]d E3He @
el F4o] vy 44 HE 2T 9 FAAo] e Ao AIY £
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E 1l 238 IF F30] TS FFARAEA A= 9F

BEFTF A% 713K ") 3 =(kg) AP ECBrix) AEFH%)

0 5.12 185 100

3 2.25 166 64
Al 2

4 1.71% 153 52

5 1.38* 159 0

0 5.12 185 100

3 1.65% 175 80
e

4 1.22+ 16,6 75

5 1.08+ 159 0
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ZF AZAY A

ZEAZ 71ed dede AP F4d H9 AAE eI £
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& g4H1), 9% 2A4Q) wetol AHgHR oy 359 Asist wa
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E 13. e4A A AEAAAI HEDRAA Qo] vl A A=
4

dga Abo] Augs A=
A} v} %L

iy AAR P8 (e (%) (ke)
=39 - . 50 1.0 68
v = - . 0. 26 49
= + + 0.2 34 5.2
- - . 0 1.2 32
. . 0 13 34

- . 0 18 33

Sefolokel & " - 0 16 34
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E 14 F5YUE EFo] ¥TAAMY AZAA v F&F

713 ALE TFEUE reac: My A
(H) () ¥ % (A=) (A=)
2 -5 9.8 5.0

9.6 50
-15 10.0 50
10.0 50
4 -5 74 4.2
6.5 28
-15 10.0 50
10.0 5.0
6 -5 - 1.2
- 11
-15 10.0 4.8
10.0 41
10 -15 10.0 4.2+
12 -15 10.0 4.5+
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o 53] 2o AFA EFF AAC B2 oHEel Ae Ao g&A AU
of £& F ud glof SFHY WEHE Faz FYh

Bd e 0ToAM 20T =N ZEFES ZASFANE 15 219
12). ZHEL FFN AE UBNHAAT SFHoz A ZE FF
A ZEFEC 5TRY 0CAM da &4 SHAJG. a2 2 o4y &
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® 15 % 338 38 v

2 Z(7)

F 3

0 5 10 20

(mgCOx/kg/hr)

£ 3 7.68 6.72 9.02 10.52
o] H 839 6.38 9.02 9.08
4 6.42 457 7.26 7.88
¥ o3 6.09 5.40 8.10 810
o o= 6.58 6.16 8.08 8.86
% T 550 517 6.70 8.60
f vt 5.44 5.02 827 8.88
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E 16.

Hide ARF 5§ Wl

A% 7] 2H(4)

E 3
0 2 3 4 5 6
(mgCO:/ke/hr)

5 % 7.68 1.60 2.78 2.78 2.44 L73
o} 3B 8.39 1.94 231 2.58 2.05 2.13
& 7 6.42 1.24 2.49 2.80 1.53 2.19
I 6.09 1.46 2.07 2.4 1.37 1.50
o s} 6.58 1.51 391 3.06 1.56 2.63
= % 5.50 1.98 2.98 2.98 311 2.16
#+ ot 5.44 1.51 2.90 3.26 3.4 348

E 17 AR7120) s 32 283 ¥a vw

A%712H(4)
£ 3
0 2 3 4 5] 6
%

5 3 41.7 331 36.4 33.7 36.3 36.6
o] H 404 389 36.4 382 39.4 35.1
< 7l 41.0 37.8 380 380 373 38.0
: 36.9 349 35.3 36.1 36.7 345
s 46.2 38.1 370 35.1 387 376
5 % 395 35.7 35.6 354 36.8 36.2
# vt 41.8 380 39.0 395 40.0 40.1
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& 71 1698% 68 439*24 467t14 66645 61.7t36 426% 1.2
& % 1778%f 81 386%42 38017 54550 628+11 365* 50
#+ ©u  1669*+148 428+09 418+23 569+27 53713 248%109
o] 3 181.0%103 43922 421+42 644%*11 622%f41 499% 76
% 3 1604+ 89 345+46 294%46 470*x33 630*16 47.3% 71
W 3 1733%150 533%54 408*25 573%08 726+65 41.0% 24
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A (d)

Treatment ¥ %
0 2 3 4 5
HES(%)

o 8] 408+05 369+03 354105 361%02 353+06

o] M 41.7t03 38207 36706 371+07 362+04
2% O2+6% CO;

£ 3 3VW6+04 37504 3B2E0S5 379+03 375+07

& §F 4011204 303204 37604 368+07 36505

o | 408+05 378+04 370102 372+06 364%04

o] 3 41.7+03 38705 381+03 385+04 375*06
4% Op+6% COq

£ 33 386104 369+03 363%06 35905 361+04

& 3 40104 387+£03 37108 368*04 372x06

B 8(%)

o g 0 0 15 14 2.6
29 O+6% COn o] H 0 0 2.8 3.7 46

2 0 0 13 15 23

& % 0 0 16 2.0 30

o g 0 0 1.2 2.0 19
4% Os+6% COs o] 0 0 2.7 47 42

£ 33 0 0 1.3 16 18

&% 0 0 11 24 19

242H%)

o 0 15 1.64 2.09 2.06
2% Op*6% COy o] ¥ 0 2.8 1.98 233 241

sx 0 13 1.50 213 207

b 0 16 1.60 197 2.31

@ 9 0 1.93 1.72 1.85 2.00
w56 Oress Cop O 2 0 1.48 135 1.50 1.70

£ % 0 1.80 157 1.76 2.50

&g 0 1.48 1.80 1.40 1.90
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A7 (048)

Treatment 5%
0 2 3 4 5

AY(mp/g - FW)
60.20+0.16 64.49+0.13 67.99+0.34 65.37£0.07 63.03+£0.04
64.58+0.02 74.45+0.37 80.27+0.56 77.37£0.49 70.64*0.57
70.0610.02 80.11+0.68 88231054 85.07+0.33 77.44+0.44

61.30£0.07 63.20£0.31 68.30+0.45 67.13+0.34 63.77£0.63
60.20+0.12 64.94+0.17 67.37=0.48 68.40+0.33 62.01£0.75

64.58%£0.20 75.61=£0.10 81.44+0.37 80.27£0.12 7848+*0.31

70.06£0.02 81.89+0.09 82.95+057 84.36+0.46 7854+0.38

61.30£0.02 63.97+£0.42 62.34=0.16 63.01£0.08 60.40%0.22
224 Hmgfg - FW)

431%0.03 768%£003 541+003 431004 2.15%0.01

592+0.04 853008 7.44+004 522%x0.07 2.99%0.03

531003 894£0.04 674%*002 571%0.07 3.11%0.01

439007 6.68+003 4.08+001 337006 177%0.07
431003 6.77+0.07 445%003 399%£0.03 2.11+0.04
592+0.04 867£0.06 685+0.02 527+0.05 3.01%£0.07
531+£0.03 10.07£0.07 7.39+£0.04 501+006 3.39%0.06
439007 551+0.03 435+0.04 289+004 161+0.05
HE (%)
@ 8 23523 212+16 186+23 173t19 16.1%08
2% Op+6% COy o] B 246*13 216*¥14 198*11 183*25 165%15
S 3 26015 218%21 203*17 184*24 169%17

E g 231%£27 196%21 187%15 17326 152%12
@ 9 235%23 20719 181%*14 165%11 157%14
ol ¥ 246*13 208+17 192*11 183*09 17.0t12

4% 07+6% C
6O% CO o 4 m0t15 2326 27:21 181%15  173%09

& § 2B1*27 202+03 187+20 17022 154%16

2% 0t6% CO;

4% 02+6% CO:

Mt o 2 Rt Yo o
oo E S g A &£

&V

2o

2% 02+6% CO2

:J}o

(g ol
2 ol o S o g

L

4% 0:+6% CO:

Jo

ok
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