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SUMMARY

I. Title

Technology for Shelf-Life extension through the control of respiration
II.Objective and Importance of Research

The problem of low price at the oversupply of horticultural crops has not
been solved, because of the overproduction and lack of utilization and
practical technique of storage and circulation system. Several crops grown in
korea with even good quality don’t have international competitiveness due to
poor handling infrastructure after harvest. Since the market of agricultural
product was opened by UR and WTO, research on postharvest technology of
horticultural crops has been required. Technique for maintenance of
marketability after harvest as well as producing high quality products is
needed to get the competitiveness in the international market of agricultural
crops. We are behind advanced country in the postharvest technology, as our
research has focused on how to increase productivity.

Maintaining the quality of crops, supply control, and export high quality
crops can be done by CA and MA storage system developed in the advanced
countries recently. CA and MA are storage system in which atmosphere around the
crops is controled to low oxygen and high carbon dioxide, consequently
respiration of crops is reduced and shelf-life is extended, Especially, the
advanced countries already finished the work about <characteristics of
respiration in their crops or species, and then has been developing and
applying the most proper storage system proper to each crops, The system,
however, cannot be applied to our situation, because the growing condition,
characteristic of surface, respiration pattern, and physiology of our crops are
different from theirs. Therefore, development of proper technology to control

the respiration of our crops is required



IlI. The Contents and Scopes of Research

This research was conducted to investigate the characteristics of
respiration of crops grown in korea, develop the proper technology to control
the respiration, and localize of instrument needed to store and circulate the

crops.
1. Respiration characteristics and its control of horticultural crops

(O Respiration Characteristics and its Control of vegetables
(O Respiration Characteristics and its Control of fruits

2. Investigation of the proper CA condition and localization of CA

system

(O Investigation of the proper CA condition of vegetables
(O Investigation of the proper CA condition of fruits
O Localization of CA system

(O Development and commercialization of economic CA system

3. Quality maintenance of horticultural products after CA storage

(O Quality maintenance of vegetables after Storage

(O Quality maintenance of fruit after Storage

IV. Result and Recommendations for Application

1. Results

1) Respiration characteristics and its control of horticultural
crops

{1) Respiration characteristics and its control of vegetables

(O Respiration and ethylene production of vegetables increased as storage
temperature enhanced,
(O Respiration of tomato fruit increased until pink stage and then



OR®

decreased. After 4 days of mature-green stage, respiration showed
climacteric rise.

Respiration of green pepper stored at low temperature decreased for 10
days after harvest and then increased.

Respiration of garlic was high in the initial period of storage and
then decreased as storage prolonged. In the roon temperature,
respiration of garlic treated with MH was higher than that of
non-treated., In low temperature, however, MH treatment did not affect
on the respiration rate,

Respiration of onion was high at the time of harvest, but decreased by
a half within 5 days of storage.

Atmosphere of 0.3~3.5% 0, was the most effective condition for
cucumber to reduce the respiration., Physiological disorder was appeared
in the low-oxygen condition, 0.3% 0, When carbon dioxide concentration
enhanced above 20%, white spot and but fungus prevented.

The proper oxygen concentration to reduce the respiration of strawberry
was 1~3%., For the rapid precooling and quality control during
marketing, improved box with perforation ratio of 8% was better than the
boxes which is without any perforation ratio and used currently in the
field

The hardness of strawberry was increased by treatment with 60~100% CO;

gas after harvest,

Respiration characteristics and its control of fruits

Pear fruit showed a high respiration rate at the early stage and then
declined during low temperature storage.

A typical climacteric pattern was observed in mature ’'Chojuro’ pears
stored at ambient temperature.

Respiration rate and ethylene production in ‘Niitaka’ pears were lower
than those of ‘Kosui’ and 'Chojuro’, and showed the typical
non-climacteric pattern. 'Whanggumbae' showed very low ethylene
production,

Production of ethylene of 'Whangkeumbae' was very low.

Respiration of grape was reduced by low temperature and was not
effected by maturation, Ethylene production was a little higher in
immature fruit than mature one, and decreased rapidly during storage
and was not detected after 6 days of storage.

- 10 -



(O Ethylene production of apple fruits increased until 60 and 40 days of
storage and then decreased in 'Hongro’ and ‘Fuji’ cultivar
respectively, CA condition could reduce the ethylene production
effectively.

(O Fruits with PE film and ethylene absorber showed higher respiration
rate than those with PE film.

(O Packaging with 0.05mm PE film increased internal browning of ‘Fuji’
apple fruit.

(O Core browning of pear fruit was severe when fruit was wrapped with the

paper bag, and reduced with PE film packaging.

2) Investigation of the proper CA condition and localization of CA

system
(1) Localization of CA system

To improve gas-leak problem of the conventional CA storage facilities, a
cylindrical rotating wall CA system was developed on the basis of a hydraulic
lock mechanism, The cylindrical wall was designed to offer thermal insulation,
structural rigidity and light weight, and it was constructed with tin plates
insulated by urethane injection. The gas-tight CA door was made of aluminium
wheel, wood board, EPS(extend polystyrene) insulator and rubber tube. The CA
roof was designed to have a circular skirt of radius 2,05m, which would be
coupled to block gas-leakage in the submerged state. The bottom duct where the
rotating CA wall would be soaked was designed to have enough liquid depth to
float CA wall. The floor which was made of a circular wood plate, was installed
with a 10cm height above basement, The CA storage system was assembled by
launching the rotating wall in the liquid-filled bottom duct and covering the
roof. The gas tightness was achieved when the floated height of the wall was
reached up to the height for the liquid in upper duct contacting the skirt of
CA roof, The equivalent liquid height at bottom duct was maintained to be 60cm,
The position of door could be changed in the range of 360° , and this made it
possible for the operator to access flexibly to food commodities. Since the
relative humidity is closely related to exposed area of water in the bottom
duct, humidity control in the CA room was accomplished by variation of the

exposed area by rotating CA wall.

_11_



(2) Development and commercialization of economic CA system

Fuji apple fruits were stored in low oxygen CA conditions using a simple

apparatus which produces N; gas containing a fixed 0, concentration and supplies

the gas continuously into storage chamber. This simple CA apparatus, in which

the gas concentration can be controlled easily by adjusting constituent gas

flow rate, was operated successively for a long storage period without aid of

additional gas analyser or other expensive automatic control units, so that it

was suggested that this system could be applied as a new practical low-cost CA

storage system,

3) Quality maintenance of horticultural products after CA storage

(1) Quality maintenance of vegetables after storage

O

O
O
O
O

The garlic respiration increased after 2 months at room temperature
storage, when seem to be dormancy break time, During storage of garlic
by CA, MA condition, sprouting and weight loss were prevented
effectively by suppress of respiration, and hardness was maintained
higher then those of the others, When marketed at room and [low
temperature after storage, increment of respiration and sprouting were
delayed, and changes of weight and hardness were low in garlics stored
at CA and MA,

Greening was the unique symptom observed in crushed garlic from bulbs
stored in low temperature, Heat treatment before crushing for 7 days at

30°C, 3 days at 35C, and 1 days at 40C were effective on prevention

greening,

Content of enzymatic pyruvic acid increased by room and low temperature

storage but decreased by CA and MA storage.

When garlic marketed after storage, content of enzymatic pyruvic acid

decreased, but increased in garlics CA or MA stored.

Circulation of ’Daeser’ garlic (sub-tropical type) stored at low

temperature as a bulb was impossible due to a rapid growth of sprout.
‘Seosan garlic (traditional type for cool area) stored at low

temperature could be circulated as a bulb about for 1 week. When the
garlic was pre-dried after storage, circulation was possible for 4-5
weeks,

Garlics stored at low temperature must be peeled and packaged for

circulation.

_12_



(2) Quality maintenance of vegetables after storage

O The overall quality of CA stored apple(Thugaru), pear(Kosui), and grape
(cambel]l early) was better than that of low temperature stored fruits,
The quality maintenance of CA stored fruits followed by low temperature
marketing was better than that of post CA room temperature marketing.

(O In both wrapping and waxing of apple after CA storage was effective in
reducing weight loss.

(O Post CA marketing of fruits should include the minimization of loss in

moisture loss, thus low temperature marketing could be recommended.

2. Recommendation

1) A patent application

O Development of low-cost and simple CA storage system of
horticul tural crops
Through the co-work with medium and small-sized enterprises,
conventional low temperature storage facilities could be equipped
with the simple CA system based on the results of this work on the
physiology of horticultural crops.
O Development of automatic gas analysis system for CA
storage of horticultural crops
Although CA storage system has been introduced for long period,
practical usage is not easy because of economic and technical barriers.
Through the localization of automatic gas analysis and control system,
the cost for equipment of CA system could be lowered, and A/S and
system upgrade might become much easier.

2) Technology transfer

(O Application of CA and MA storage system into circulation system
of horticultural crops (2001. 2)

The result of this work about the respiration of horticultural crops
could be proposed to be applied to the field and the agricultural
policy. Localized CA system developed in this work might be supplied

at the low price and the simple storage device could be used
conveniently in the small farms.
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(Hunter) 0 1 3 5 7
L 40.6 46.7 46.3 47.7 49.5
a -15.5 -18.4 -18.4 -18.7 -19.9
b 20.8 28.5 27.1 28.7 32.5
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AT | 2 7 ZF (o)
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b 20.8 25.4 26.5 27.1 28.2 29.5 30.9 31.6 30.7
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Sto] AR &o] A Eokom A2A R 80Ul FHULI 27 wffol 42
o i= o] AJHo] AFIA ot BZHrt. Rigo] A 22 A2Er} F}ULI}
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(E11) @3t “BEula’ 37 AEZ] 95 (9] : %)
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Rk ks
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£ 0 1.0 1.4 25 37 55 73 9.7 115 13.3
& 0 04 08 1.1 1.6 1.9 24 29 33 39

X | ok

vl +&8& Qo] Suiseihusinari FF2 T{HPe 1 AY 54

LolE WEol WEst AYStA HE o] AAY ZTFEAE osiMd HEUY
e BEE FE SAE8A HI oYL SEE AAY ol w4
2 Ao 20F AsE A4 2 F2 Ak oYL RAA Ae
3l O F4E RABIATL AR itk 24N TE 5P dasT 0.3~
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Q. concentration O, congentration (%)

Tig 1 Respirahion rates of "swseihusinari” cucumbers stored at 10°C  Fig. 2 Physiological injury {decay) of “suiseihusinari” cucumbers
under various O. concentrations stored at 10°C under different O. concenturations

_47—



AARATIN L AL FEE FYo] WA F=E ZAR] £ A ALBEI E
ol 4F Fol WALl EolFEd AeF ANE WA U= UMY FHA
2tA v = 3 5xo|gdr} (Fig. 3)

AA7|N ] ALEEE Q0] AMEE ZABH] Y3 L0]§ LR i ¥
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Fig 3 Moid occurrence rates of “suiseihusinarn” cucumbers

Tig. 4 Plasticity of “suiseinusinari’ cucumbers stored for 10 days
stored at 10°C under different Q. concentrations

at 10 C under different O . concentrations
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(£ 2) AL ¥ ZPdd YETHY BF4L 55
HeleE  EA9Y SEEETOY
(C) (PE LE) 1 2 3 5 8 10
0.03 14.9 14.1 14.2 14.5 14.2 11.5
2 0.06 14.9 13.3 12.3 11.6 12.0 8.8
0.10 14.4 12.0 10.4 8.5 12.5 7.5
0.03 13.0 9.6 5.6 3.4 3.4 2.7
10 0.06 11.1 7.1 4.6 2.5 3.7 2.4
0.10 10.2 4.6 3.4 2.6 3.2 3.1
0.03 9.0 4.9 3.7 * * *
20 0.06 6.7 2.3 2.0 * * *
0.10 5.9 1.6 2.0 * * *
2ol WA 7]
Wle| WETAF THbks 3 0 Fo| WHES 2K 23} 257} £845
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0.10 38 69 70 7.2 78 8.1 0.0
0.03 47 58 61 63 7.1 73 983
10 0.06 6.0 84 7.8 7.5 85 10.1 84.2
0.10 7.9 140 145 156 199 18.6 _ 25.6
0.03 6.5 7.1 89 x * 96.5
20 0.06 80 7.9 9.1 * * 82.7
0,10 10.4 14,7 17,6 x x 40,9
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01 2 3 4 5 86 7 8 9 10 11 12 6 1t 2 3 4 5 6 7 8 9 t0 1t 12
Storage Periods (Days) Storage Periods (Days)
. o« o 3 1 o o) B
O™ 9. =] fU)at W J% 10, "7 feld Hs

TERS AolN ARt ol WololN T Yeten xLefis 4drkx] mE
b Holthr} olF Rojuolut BN 217} 64, 8uUrkA] TED
8).

s
of S7IstRem AFPAte 108712 odF vls3 28 SAsKdn (2 7,
710 frelge 2 W Ao Al Ajo)7) gigdct (27 9, 10).

) @7l ddE 91 AR = Az} g

EHYRPE AR A A" 27} b we] AStH FE kg BFUIEL A}
SEIRE A7t =7 g Ao 2 ot

8kg AE|ZF AJAE7t 71 dhoton Wzkg
g 2E|2F =27 7Y whe 538 R

N
)

>
N
N,

(o o
(o]

~

o

- rle
=

2]

o

o%.

A
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1.000
0.900
0.800
.700
600
.500
.400
0.300
0.200
0.100
0.000

0 1

20 30

—=—Bkg(Lf Z &2 M
—~—8kgh ZE R, M

40 50 60 70

| e rE2EME)
‘
ES

| Bkg(Tkg th E &4

o Bkg(tl 2 & #
~o—8kgl2kp H E F, Bl U Jﬁj

90

100

110 |

BIAE)

% 11, ZRARpE Jzbaad
(E 4) IFgAAPE B4
2w Z2ut7t 37tg
- A ZH hr) (1/hr)
e Tt 0.18 1.67
aLul
bkg S| lkg U3 0. 64 1.05
zz 7 0.46 1.26
Iy}
Bkg 27| kg | EA 0.91 0.81
8kg AE| 2 1.42 0.48
(E 5) ZAANAPE FE(N)
2 m A2 (d) A & (Y)
= 0 1 2 0 2 4 6 8 10
WEA B 2,15 1.85 1.73 2.15 2.09 2.01 1.97 1.88 1.85
kg Z3tA|
lkg IR 215 1.82 1.72. 2.15 2.12 1.98 1.92 1.87 1.82
2 B
Skg x| W= 2 215 1.79 1.65 2.15 2.14 1.99 1.93 1.90 1.89
2kg I3 2,15 1.89 1.62 2.15 2.11 2,10 1.96 1.85 1.82
8kg AE|ZE 2.15 1.82 1.55 2.15 2.08 2.02 1.89 1.81 1.80
Zojud 2.15 1.65 1.54 2.15 2.01 1.87 1.75 1.63 1.57
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P A2 (d) 2 2 (d)
* 0 1 2 0 2 4 6 8 10
xR 2 o 37 58 0 0.3 098 1.53 1.67 1.88
6kg 51]-)(]
lkg YJIXZ& 0 35 55 0 0.43 1.02 1.55 1.76 1.95
YR 2 0 31 53 0 029 0.8 1.42 1.80 1.95
8kg =¥
2%kg WX 0 3.9 56 0 050 1.10 1.68 1.97 2.28
8kg AE|ZE 0 3.7 6.2 0 048 1,20 1.8 255 3.15
Rl 0 42 7.4 0 055 1.35 2.01 3.23 4.16

2) W7 FEF 0, Melo] AT A= I &3
Co, Hel¥ A= A2olA 100%, 60%de|7t AEr) A fFxEHAded A
2o 1005 A7t 71 &S B=E KRSk

(R 7) 27 %5 9 C0o, Aelo] WE FEN)
)

e (O = A 2(d A 2 (4d)

= () Had 1 2 3 4 5 Hgd 1 3 5 7 9

o< control 2.021.871.751.551.47 2.56 2.65 2.67 2.63 2.71
100 o g5 1:223.873.222.021.82 65 4,57 4.57 4.48 4.41 4.78
60 "7 4,103.553.101.971.76 4.21 4.39 4.29 4.10 4.17
20 3.283.102.29 1.88 1.65 3.49 3.56 3.58 3.68 3.72

A< control 2.011.981.73 - - 2.10 2.19 2.01 2.07 2.00
100 59 2-802.65202 - - o 298290 2.83 2.87 2.74
60 7Y 3.963.092.5 - - : 3.13 3.26 3.49 3.21 3.19
20 2.071.851.72 - - 2.08 2.05 2.08 2.12 2.07

2 o
1. 47 =0 4 AF F T5He ¢ 28 54
47E £8A S50 #TAIQle]l ALLEC} Aol 2~3u] BT T FI] HQo
o 42 T XA nsrt F&53 Bop SEFe] Hodtrh ofddl uaiake]

Aoj M= AHZAMe AL WAl EHA| it EntE ‘AR EF4 £ nhE
Ar2oAl2] FEekoal= X770 breaker, turning, pink stageZ} HQtom
mature-green< Z 7|0l 7}A Yoltis} 4 7to] climacteric peako] &gith, =]-&ojA
T A2HTE IFFo] 2~3u) Hgtonm Sx7lo] 27 TFI] HtH AF 6Y
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RE deoiAe] EnlE T} climacteric peakol o] 2T},
FAF S TEFS 27le] Po| A2BTt AFI| Foon olF AeAy
Tt 3] Zaste] =HEAY Ao E AF 104712 gadsicirt o) F
F71hs gL Rt }—-4 TEHFE HMIHETE F2olA 2~3u) BE U
om oM E ZH(RT con. u}%ﬁc} MH A2l (RT MH)nHgo] FFako] &tr
vtdof] 2ol FA 2 (RT con.) nHs3} MH A 2] (RT MH)nhsZtel ZFate] Qlo] A
Zxjolg Rolx grom HMHLT Zslole TFWo| UL} Zasts 249
& FUL FHA BUOU A2 W ALY 5Uo] TFDo]

"~

1
2~

oo] ‘zolMelFAU B TF BAol AN AEE B4 ZAslN T
S4e UaFE 0.3~3.5% FEold EAFLT FFo| oAl Hgow 7eol 4]

ZAME BF Aoty AAdth. M4k 2ol Sole] Bx] Hgo] )
St Aeld gsish RSttt AASE 0.3%Q W WAgol Hoon 1 oyl
SEAE wAHA gsrth

2. W7 $HF TER 54 @ ofdo] 4T 4E A

7] ol BFe Al IEAe 548 2ARIE 23 A vt w255
TEPol wokten 53] ibwk 4 01’6‘01]*1 TEYol F43] 57k ZHoE Ko} wY)
(45) 8] TFAAE 21T A diese 1~ 2o vichdch

‘%71 oA F22 i8S & 7;%5 NFEAI7E Ag AHA 1412 30&tol] 27

2 3CTpA] wopx|7] wiEo] ool 7Py IHolglonm odF RETANAM P
2 ol "7l Foldolu} AP gt wlste W2 F2& fAstHen FHRAE
=stolct.

7] AHF o, Azlo] A% dE A matel glofA C0; AelF FEMIe 42
ofl A 100%, 60%x2]7} F=7t wA FAHALH A= 100 A7t 7MY g2
BEE FAsHrt

HH

o,°‘, or

A&+d

Bishop, D. 1990. Controlled atmosphere storage. Cold and chilled storage
technology. Blakie and son Ltd, p73~77.

g7 1995, CA A% Ao £F F A 5. sAtEXAAE UE 2R (4)
p51 ~58.

Exama A: Arul J: Lencki RW: Lee LZ: Toupin C. 1993, Suitability of plastic

films for wmodified atmosphere packaging of fruits and vegetables.
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ZHF(1996) An analysis of alliin and fructan in garlic, comparison of their
content and change during storage among cultivars and cultivation areas. A]-&
o) wbabetel =g

Inaba A; Kubo Y; Nakamura R, 1989. Effect of exogenous ethylene on respiration
in fruit and vegetables with special reference to temperature., Journal of the
Japanese Society for Horticultural Science: 58 (3) 713-718, 15 ref,

Lukes, T. M(1986) Factors governing the greening of garlic puree. J. Food sci.
51(6),1577~1582

MAFF, Refrigerated storage of fruit and vegetable, MAFF reference book 324,
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Morris, L.L., Claypool, L.L., and Murr, D.P. 1971. Modified atmosphere. An
indexed reference list through 1969, with emphasis on horticultural
commodities. Univ. of Calif., Div. of Agr. Sci.

Murr, D.F., Kader, A A., and Morris, L.L. 1974. Modified atmosphere: An indexed
reference list with emphasis on horticultural commodities. Jan. 1, 1970 to
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FoE#E, FRE(1992): AF2=7t ok Adwu ¥estE 9 Wi hormone 'Hztof o
A= F. T R] 33(6), 442~551
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Rutherford, P.P,(1982) The carbohydrate composition of onions during long term
cold storage. J. Hort. sci. 57, 349~356

Yeong Bong Kim; Yasutaka K; Akitsugu 1. Reinosuke-N 1996, Effect of storage
temp. on keeping quality of tomato and strawberry fruits. Journal of the
Korean Society for Horticultural Sciences: 37 (4) 526-532, 20 ref.
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A A

Az o), EE, 92 e Ul 2o A4EA 3 Azt FAED ot
0 waEel $EFE 544 ol £l AulAelA o2 KL @Y 712
of £2FW of 717t & UL AAY HY Al TF L nlPBl AT ¥ F
oz qlsto] el ealo] oA Trh ® AWolAl e AFHA AU £
2oz nEel g FI] AT YUY SHIE U] BUHS) T 9YS
AL TEAY 58S AT Astd, $HA) SEF T 3FY) B4E
ZAR 2 BRolL ALl Ca ZZolN TEAS H4F BY F4L AU
A TEd 238 BT B A Agold 45 AT 712 AEE B8R
A} g}

s L Yy

B Ago] A e v B, A A FF Ex AEejEl, 298
Avjop FE, why FRH EFoldon SE=WE ARE AHste] APl AHEstA
ch. mlste X—1”‘71 7~1043] ML, Agte dibsTielA —’r‘ifff}@l “%3}3}%

2 Agol AHgY S A 'R, FAES o AR FE E3o1de
W 27t BF 2R H5UlRT 3~4U Aol AfHste] AREStelnh, AHUES 2=
HE A2(22~25) W AZ(1~2T) MeFE FEstglen AP BRIA 202
4t 32 nAsHon oA 1, 3, 5% 2 4R F FAHLE IF U F

=

3. MA 7ol o}E 2] A 54
1) MA 7]HolA ol =l Faba] A e &3}

Aol AMSH Ab apde FR) EFolgded w) 2 Al HAE, %, F
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Folgdrh. UL BEE ¥ Hyle R sl Algslgom MAF PE filn
0.03mm, 0.05mm 2 WEY Xez]7el WEA ofdAFLAS U T Yo WEY
Hel 78 AL(1L1C)olN HgshaA ofds, olxtsieta, $alw, 74 2z
488 EMsioln

2) MA 7ol 2R Fagol A F Al A= ¥

2 Aol AMEE A2 A AT FF3 ) AW FFelded +¥ A7)
o] Zl& A sto] Aol Argstalct Aejulg&2 PE WELR XA3A] o2 FA g
2t PE HEos Uy A &, A2(0~2T)ol AAstHEA Be|s) @S 24}
shaict.

(F 1) o' FF +8F 42(2012C) oA Brabrpa @ o el ubdz)
A o2l 7 ZHY)

ZAlgrE & T
b - 0 1 3 5 7 10 11 13
EtAb7EA o] < 2} 8.3 9.3 89 82 87 109 10.8 9.3
(mé/kg/hr) A 2 3 12.7 10.6 10.3 10.2 10.0 10.1 8.5 11.0
ofj &l n] < 3} 220 159 310 574 641 1491 1267 275
(nl/kg/hr) A & 672 1075 977 658 477 224 171 116
af "y FFL] Ad2of olojd IEIE b B Az, uisie] gojMs
=T 10011Y oA TEFeko] 47 AsEHE EAL Hon ALt °‘01*1%
TEI= J T &) Yo 1 HEL ERAZIA %*g%*ol ﬂ'ﬂ&‘OE o] x| &=
BEyE K ol olledgl whagako]

2 32
g
K3 i
s
e,
ne
o,
o
o
B,
>
X
o lo

N

o
X
o,
=
-
ne,

o Al slold *avw W 19 7ol oy
AAY4E Holxs ANE Rol Taa wbstal
1

B FEF FEHT A2(0~2T)ofA vhabvts W ood Y U 2A

sAloll= W oA dAFo] Tyt Ao RuA] I
ol A8 Rro] F43] "ol em AT Fole & WUt ¢ledch (R 2)
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(F 2) ¥ ‘B4 EZY FHF A2(0~2T)ollM 28 vHtzts g ol U+
8 F d ()

0 1 6 11 17 22 25 31 36 42

ehabzls ol % 3 8.3 2.0 21 20 36 23 25 27 22 25

(m/kg/hr) & & 2} 12,7 2.1 2.7 2.6 3.5 26 26 35 3.0 3.5
ofj &l = o] < 3} 220 47 134 96 172 266 147 142 214 155

(nl/kg/hr) A = 2 672 206 270 213 394 291 284 217 264 241

ZAYE & =

woul B 5350 +%F 2589 548

(E 3) ul BAY 259 FHF F2(20120)of A qhabvks o o U
A o2 7 )
0 1 5 7 9 11 14 16 18
43 52 58 67 62 61 59 63
7.3

2ARE 5 =

ghat7bs o & 3 5.5
(mé/kg/hr) B 4 2} 6.0 7.5 9.7 85 89 : 6.8 6.7 6.8
of&lal . % 3 o« 117 122 175 422 439 409 369 524
(nl/kg/he) 2 % 2} 789 962 1374 1100 1024 771 616 522 652
o g BFY AS H20)M nige A 7d o)F TFFl wobAnIL
Aap o dol on A&t Al 5dFol TEFo] wAUTPL HAHLE Sobx]
= ZAgolyrl. oy WATL u&e e Al U ZFFP] FAF T
gom Hxah= el 5Ux o el FA3] FrstTh AR Fof
EE 3%& Uehidh (% 3)

ghat7ba ul ol WAl
A o8 71 M)

ZABHE T

P B 0 1 7 12 18

EFATEA nj & 3} 5.5 2.2 2.5 1.9 2.6

(ml/kg/hr) A 4 3} 6.0 2.8 3.0 2.3 2.9

ol =l o < 3} e 82 93 104 129

(nl/kg/hr) A & 3} 781 293 303 219 188
35

e s Aeold 4T TERE ul4As} HEI Fol ASHUF TF

zro] 78] Wolx AT WAPS Vel on A&l nlstRe} BadvtA W
afo] oF7h mioir}. oY wAEre njLzle] AL Azl 18U YT W] F



AHgem A& $HF 52 P YAYS Holtht HeXel® Aol
QU ol olgy WLl FA3)
Ch (3 4)
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B>
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rr
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o
e
A

(F 5) wf(alir) e AJ2(20£2T)ollM TEF W o U3

banE 2 A g 7 ZH(Y)
0 3 5 7 9 12 14 16 19 21 23 2
ErAb7bA o< 39 32 35 38 33 29 3429 27 28 36 29

(ml/kg/hr) A< 54 3.7 3.9 48 35 31 41 3.2 33 3.2 3.6 3.4
ofj el o< 19 27 - 26 60 32 - 27 101 - - -
(nl/kg/hr) A<= 28 15 - 2 46 46 - 49 100 - - -

F2ollA Asrt ugatrcr IEFF o] wWoke
B ol At Paste Bl A€ UAFS vt
30n1/kg/hr) ZHEETL7E AdZollA 1947 %ol whokrirt
Lieh St

A,
R0
o
N,
g N
g
e
rir
>
i
>
19
)
R

85
)'O
R

(F 6) wf(Alar) A A2(0-2T)olAN TEFY W AL g%

= R [« e

A o2 7 ()

AT 52
0 1 6 12 16 23 271 34 4 48 4
EFAL LA m< 3.9 21 20 21 21 22 1.8 1.8 1.8 19 1.6
(me/kg/hr) A<= 54 1.9 20 22 20 21 1.9 1.9 1.9 1.9 1.6
o o< 19 44 - 42 45 - 42 82 48 97 44
(nl/kg/hr) A<= 28 38 - 56 35 - 52 88 192 87 38
Aol JAFHE ==l HAGOl vhit7tA Yol FAH3] Fo] EFOn A
2|71t v s 2ol BAe] 4R F£E2& FAISIETL YIS A 2olA 23]
F7hhe Z3E vehdlon Agile AF 40497 HaXE B vis3tes AR
5047 FIAE Hart
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. EE ‘Campbell Early %0 +%¥ T FAe 5447

(X 7) X% ‘Campbell Early’ &2 $EFE AL (20L£2T)olA <5 EralrtA
2 ofelel e Wy

A o2 71 ZHY)

3 N -

s & = 0 2 4 6 8 11 13
ERAb7EA o] & 3 145 13.1 14.8 13.6 13.9 13.5 12.3
(ml/kg/hr) & < 2} 129 13.5 14.3 14.9 13.4 14.8 19.8.
o el =l o = 2} 223 146 74 * ¢ % ¢
(nl/kg/hr) A < 3} 270 54 70 % * *

8H&
dole] FFY FHT H2oAM whibrta R s2HE 2 Aozt LEehd
Al T AeZiiHER & WUt qlodon Hsatel gloja Ar2A el 13Uxf g
A7bA ARl Fold AL Iue] odul nAdEL] A¥oT AlgFcl  o|H i
e =T u|%2t7} 223nl/kg/hr o] H &3t 270nl /kg/hr B4 Bl&3hst okt
3o Aeld4rt Zadte] wel sz TAGe] FHY BAE Holrprt Ad-gof
A 6dx] FEl= HeEHAl WAL (FE 7)

(£ 8) T ‘Campbell Early’ EF $BF H2(0-20)olN 28 wharta
n

ZAPBHE = g 71 7HY)

& L
0 5 11 16 20 26 32 40
a7t~ o] & 2 145 6.6 7.1 83 7.9 11.0 83 10.6
(me/kg/hr) A = 2} 129 7.5 6.7 7.4 6.2 107 83 9.4
ofj el ol <= 3} 223 * * % * % * %
(nl/kg/hr) A = 2} 270 * * * ® % %
EAE

A7 ARSI o R njsart AsIEct goten <7 W A2zt
upets SEF FFAE HolA| kil 429 Wol= Hof JiA[ZY zle|rt & e

B2 E o Ao M 'ttt U] FASHA EolEsirh oEA2 #HT A
SE AR A2A A G2 BAgle] AEFA T (& 8)

of

O
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(¥ 9). X% ‘Black Olimpia’ £ $TF A2(20x2T)ollA ST ®HAb7IA
2 ofel#ll wiAdgke] w3}

A g 71 2HY)

=S 5 = 0 2 4 6 8 11 13

et A bl % 2} 12.3 8.8 11.6  10.4 10.4 14.4 17.6

(me/kg/hr) A < 2} 11.7 8.8 10.1  10.7 8.4 13.7 18.4

o=l ol & 3 416 46 74 x 82 208

(nl/kg/hr) A = 3} 205 71 70 % * 47 347
v BAE

sagayjol 52| habztA WS oHOnl/Kg/hr FEZA S22 9 Az
Zrof ® EM Ao 7h QUrizt Ag2olA 13dz) EFoR FUishe W8S B4ed o
zof 23t Zlolgly|HTle u|e] nAE] 23 Zog zitiEy oY
Al nls2prh Azt Bot ggton Az|szte] Babdl whet =
H3HALL 2o A 6dFole A&l HA gtort 11dzle] il of
e ole ©a7tE WgFe F7t A7IS AT AHOREM 2R
UE ndEel F¥elta AZHel (£ 9)

(X 10) X% ‘Black Olimpia’ EF&| +EF A 2(0-2T)oN 5 ghitzts o
ol sy Wt

A el 7 ZHY)

AT 5 = 0 5 11 16 20 26 32 40

EFXF7} A o % 2} 123 6.1 53 10.1 5.5 6.9 6.5 5.7

(me/kg/br) A & 3 11.7 5.3 5.6 59 5.6 7.5 6.3 6.3

ol &l = o) & 2} 416 = 82 384 333 s

(nl/kg/hr) A & 3} 205 % 47 300 337 *
24E

By ggy|ol FF2] A-ZoA ghibrts WAL 2] vt ARt ¥
otom A2oja Ae|7|ZEE I QAL SEUE o= At odIY
ke £ &2 wekon AHzsdxjols HEel HA daltirt Aol 11
o ol Aol whet sxof FAGlel FRE WAET el Wotdl o HA Wil FE
H2] o= EFH S HATHE 10).

—
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A 7t (2
e 4m A 7z ()

(F 11) ©Z2(F7)8 F2(2022T)olAM w5 TFY Y LA U3L
gl
9

11 13 16 18 20
EMt7lA wmls 7.5 4.6 4.3 6.3 57 5.6 4.7 3.9 5.2 59

(ml/kg/.hr) B 6.1 4.4 4.6 6.7 6.6 6.6 5.5 4.7 7.4 7.6
of|&l =il o< 122 112 60 trace trace 63 144 trace 272 71
{nl/kg/hr) A< 111 105 50 trace 164 67 169 trace 266 135

22 043t A&t TFo] Wakouh M|y o] A2idte] W} chAlE
A43tel BEgo) vldauet e oUW YIRS S5 o A2l s
ol "l

(F 12) ©@ZH(FH) e A2(0~2T)ollM s=d IFF L oL U3Y
A o2 71 2(d)

0 6 10 17 23 28 32

ERi7tA o] & 7.5 3.6 3.9 3.9 4.1 3.8 4.2
(ml/kg/.hr) A & 6.1 3.2 3.4 3.5 3.7 3.5 3.7
oelzl o] & 122 113 119 115 123 117 124
(nl/kg/hr) A & 111 162 184 137 131 121 143

Aol A EZla wARE 043, 44 BT Azl ZARWA A
re BT, oW wARE 7] u MY ME Aol A9 gich

oL

2. BANA 24 WS TFAe 2 ED 54
L)

A AT R, BAT EES B8R A 2ol B2 AF F 2F 4 54

AlZE ER EF9 g A 60U7R] M AF Frisichr AFE 4t
= A%E vehligla, Azl o'l Agdste] ozb mokxnt AL RIS
HBEO

[o RN o RE=1

Ueholch FAT EF2 AR 40U7MA] FIRsiTZE OFe] Hadte
Uehfola, Z37kA Ae|te FAe|rRct 3] w2 ofdd AEEE o
Ehfio] CA A 3ol o3l AAdo] oA &7t LetkitH(Fig. 1).
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40 40
@ COp 1%, 05 3% Hongro Fuiji
30| —o- €C0,3%,0,3%
% —w— CO, 5%, 09 3%
% 1| = Control
= 20
T
N
O 10 -
0 O—_ﬂ_@ v ' v
0 20 40 60 g0 O 40 80 120 160
Days after storage Days after storage
Fig. 1. Changes in ethylene production of 'Hongro’ and 'Fuji’ apple
during CA storage.
8 8
—@— CO,1%.0 5 3% Hongro Fuji

= 6 —O— CO5 3%, Op 3% - 6
B) —w— CO, 5%, 0y 3%
é —7— Control
E 41 - 4
e
O
(&) 2 -

0 T T \l//“l T T + 0

0 20 40 60 80 0 40 80 120 160
Days after storage Days after storage

Fig. 2. Changes in respiration rate of 'Hongro’ and ‘Fuji’
apple during CA storage.

Azt EZ BES AT 0UFel TEF FA3) FUHe AU el
ol tiz7g AT RE APt e WS usign, dzFe A%E

71l A% 0o 21‘%‘1 F438 F7Rld, 2 Foe Haste B¥E U
el gt FA FEFS AR 4090l Co, 54+02 3wTet 2T 1Y &
FTEHFS Urhidla, I Fels RE A7t X AL vehddoh E23 o

z70 BEULS —rXiBHLOH Mgl AL S AR Uthlel FA' ol
cA ZZolN EEFl AEE 2e Ushhz ArkFig. 2).
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ZEulel e AP ARIRHES F3] w3t FYgE vehfd o A3
7ol ofztel o Aol FriEe AL Ueidch wf A EFE
38T e UEhidled AR/ REHE njelx|

> o=
oelzio] A&Ee 1 ¥ JdAIN LT B {3y}, Ty F2, A =
F BT olgdl gl 3] A7l wiEol At F3E Xol= vEhr] gk
th (Fig. 3). :
4 4
@ COp1%, 0y 3% |  VVhangkeum Shingo
3! -0~ C0y3% 0y3% 5
S —y— 00, 5%, 05 3%
=] 2 ] —— Contral [,
=1
T
N
o | .,
O—OA m
O ! g <7 O

0 30 60 90 120 © 40 80 120 160
Days after storage Days after storatge

Fig. 3. Changes in ethylene content of ‘Whangkeum’ and 'Shingo’ pear
fruit during CA storage

WOHE BEY TEUS A0l ATY4T EEE ARS urhie
B, RAIT O, 10, BT AREIHE O HelFel elel B AL U
EhdTh Al EBEE) BEWL ARRZIIVH UIZT €0 1% ¢ 0, HFA B 7

F& UEho] BE 53 o B¥E JehlAdrkFig. 4).

- 66 -



6 6
- 0021 %, 02 3% Wnangkeum Shlngo
~0O— €05 3% 05 3%
%’ 4 | —w— C0z5% 02 3% - 4
= —— Control
E
é? 2 - 2
0 (’ T T T /
0 30 60 0 120 O

Days after storage Days after storage

Fig. 4. Changes in carbon dioxide content of ‘Whangkeum' and

"Shingo’ pear fruit during CA storage

3. MA gl mE e A 54

7h MA A%l olh M FaA Hel w3t
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(F 13) 8f, A1 238 H2AAF Fxo] H3H(ee] ¢ N/ ¢ 4mm)
- - bl Z 7] ZHY)
= ¥ i = 0 30 60 90 120 150 180
PE 0.03mm _ 12.9 129 7.2 7.6 56 75 7.8
PE 0.05om  12.9 154 68 6.9 61 6.8 7.6
PE 0. 03mm 129 11.5 85 80 7.4 69 7.4
(A1) +of e el g 2tA ' ' ' ' ' ' '
PEO.OSmm o9 157 79 75 69 7.4 7.9
gagay o0 LY ne es et
= g 129 123 7.7 7.5 84 7.4 1.8
T A 7 148 158 7.9 7.5 7.8 1.5 7.6
PE0.03mx 148 13.6 81 84 90 80 82
PE 0.05mm  14.8 13.2 86 7.6 67 7.2 8.4
w33 PE 0. 03mm
o0 148 11.3 83 85 9.1 103 11.0
R
PE 0. 05mm 148 146 88 81 9.6 84 8.1
+of &l 2l F- 2k ] ] ] ] ] ] ]
PE 0.03mm 11,0 11.0 7.7 7.6 9.7 8.5 9.9
PE 0.05mm  11.0 13.9 66 64 9.4 7.9 8.7
PE 0. 03mn 1.0 13.0 6.4 6.8 7.9 7.5 8.1
wigE) omagay 0 0 6488 sy R
PEO.0SmM o 22 92 79 82 87 1.2
+o| &l 2 Z 2t ' ' ' ' ' ' '
oA g 1.0 12.7 7.8 7.4 55 6.8 7.3
PE 0.03mm 147 12.3 7.7 7.5 7.3 1.5 7.2
PE 0.05mm  14.7 11.0 7.7 81 9.6 7.5 7.4
PEO.03mm v 110 86 85 83 91 9.2
RENES I EEEES IR
PEO0.05mm .\ 143 87 89 7.9 86 8.9
olgagys o0 38T 8 E AR
2 A g 14.7 13.1 9.6 9.9 10.1 9.5 9.7

- 71 -



(E 14) i, 2tz F5E AARF T804 ¥ (9l + %)
= =z el B A g3 7] )

30 60 90 120 150 180

PE 0. 03mm 0.20 0.19 0.25 0.37 0.24 0.25

PE 0. 05mm 0.48 0.18 0.16 0.24 0.34 0.42
PE 0.03mm

wl (41 31) ol & 2l Z 2] 0.27 0.21 0.30 0.42 0.40 0.41
PE 0. 05mm

Lo E1 T2 0.43 0.21 0.18 0.21 0.28 0.30

A g 7.19 8.77 12.56 14,50 15.89 17.56

PE 0. 03mm 0.06 0.10 0.23 0.37 0.41 0.52

PE 0. 05mm 0.06 0.06 0.18 0.27 0.28 0.38
PE 0.03mm

a) (23 co &l 2 E 2k 0.06 0.17 0.28 0.31 0.47 0.57
PE 0. 05mm

col 25 2t 1) 0.06 0.17 0.14 0.18 0.35 0.44

2 A g 7.42 9.53 13.45 15.18 16.51 18.07

PE 0.03mm 0.10 0.19 0.24 0.37 0.45 0.53

PE 0. 05mm 0.05 0.08 0.15 0.23 0.23 0.37
PE 0.03mm

ap(7h) ol Bl 2l & 2} 0.09 0.15 0.21 0.30 0.41 0.50
PE 0.05mm

EL ST 0.00 0.09 0.15 0.23 0.29 0.38

A g 2.72 5.26 7.25 10.15 11.24 12.74

PE 0. 03mm 0.25 0.26 0.38 0.43 0.41 0.50

PE 0. 05mm 0.25 0.08 0.28 0.15 0.35 0.41
PE 0. 03mm

AFZHER]) ol e e E Ay 0.25 0.32 0.32 0.52 0.41 0.36
PE 0. 05mm

+0ﬂge‘ﬂga}xﬂ 0.17 0.25 0.31 0.24 0.21 0.26

T A ¥ 268 537 6.74 882 9.10 9.46

U MA 7ol A gl ARFE APl nxe 3%

(E 15) Al "F2]° 259 A2 A%F 48 Ug FAE UF HE(%) 8 3

A AT D)
0 30 60 90 120 150 180
T 2] 0 0.0 0.0 0.0 0.0 0.0 0.0
PE 0. 03mm 0 5.3 5.0 4.5 8.9 12.5 13.3
PE 0. O05mm 0 66.7 100 100 100 100 9| 7]

Abzb FTR] ZE2o) U R AL 2ol 0.03mm LES A 180U 13.2%8] Z
Mo Uehlg=d utste] 0.05mm WE 02 UEA A3 J0dnte] 66. 752 &> Wi
2 Zgg Roct (F 15)
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B ‘7 254 A= It AR 6047 FIEstctrl A AT zte] Zoj e n}
gt B} Zdasdhe -‘—%78-% Bdom(E 19) uf ‘2 FFo A2 A F F¥ 7
280 glojM, PE HE EF At $% A8 AY gldon ZetAE wol
L} Fo] X AT oM E FHLEAEL 3% AR of¢ d2 H3FZ Bor}
(2 20)

(E 20) v "ZH S5 A2 AF¢F T whid SHAS(%)2] w3
b uby A 7121
0 30 60 90 120 150 180
ZajAEl W 100 98.9 99.0 98.0 98.1 97.4 97.0
ZFo] Bz 100 99.2 99.1 99.5 98,2 97.8 97.3
ZglAE] o+ PEY 100 100 99.9 99.9 99.7  100.2 100.1
Zo| Bz] + PE 100 100 99.9 999 99.8 100.2 100.2
V(E e 5Y
(F 21) nf "2 FFo A2 AFF =3 vl Mz (a-value)d] #H3}
ZRy upy A A712HY)
o 0 30 60 90 150 180
ZalAE 9 -0.18 2.87 3.36 4.59 5.52 6.13
Zo] &#] -0.18 3.94 4,69 5.35 6.33 6.76
ZabAE 9o+ PEY -0.18 1.1 1.29 1.63 1.95 2.42
Zo] ¥x] + PE -0.18 0.3 0.8 1.2 1.57 1.32
V(R 48 5Y

R FEY AL AR T AE aghe] HEe] gloix A% sZe] Aol
atel Moz Frbstded Setay W o3 Fol¥A| At PE BE EE
Ag| Kot F7b FHol F 5XE vehigdch (& 21)

Wl g EE 4L nlgatel Qold £BF 10719 FEeld TFFo] o3z
BeHoom A Aazel gdoidt % WAl BFYl ¥R I HTE ANA
°% Wolxt AWE WAtk AL(0~2C)olHE £ THR U oL U
ol EUTIE A 2old A3 WoiHon HA/Z Folt 2 #%s} otk
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Mer BEe) A% Aol nlg3ke M) 7d olF TFao] wolArist AR
o H&abi A sUF] TFW| EAUTIH WA LT Yolxl = Ao
odch. AeolM 4Ed TERE ugtel 43 Fo| AL HelF TFYo| FA3

Wold AT WAFE Uehion H&ust nl4IuT) TATIA BgFol 42 U

ofe}. "R BFOIME 4 H4Hs uSRch BFYo| waton Helyiz

L aSaluch 4 Fol o pAst: ZRelga Y Wy g 2 A%
)

3} B 3o} 30nl/ke/hr) AEHAUTE HLoldE YILFRE GEo BAge]
WAl el FAs| FolEo AL U U3 £2S s

ol EEL) 4HE H2ol4 Bk YA S5 U He| sz 2
Msprl qlgith olg H—ygag—z- SR OlGsh hlkghe ol 343471
27001 /kg/he A ml&3tt 27 Eorom Heldl4rt Aol mel Sxol BAG

o] #74% zag Bk
Bguol £32] Talvts WS il /Ke/hr FEEM =7 9 Ae]7]

Zho wheta xpo]7} glalom ofde] WAL 7 n&2rt A5t ®Bop woke
o Az|7|zto] Zatgo] wiet gxof BAGle] #&astch £ FFY A
2ol ERAbZEA AR £ mlgart Fsatkch worom Ao Ae /T
HE ZHsyl glds SE0E 2ol gldch
ezt “—‘%°" ESS oA n&art AsaEct TERe] wWokerl A el
213tol whet chH 2 H5abe] TFIo] vjsatRch wgkch oyd WAL % Ul
A e)7] zholl uhebd AT ZF A 7F Qlodch Aol ghabrts R s, A
=2t BE Ae|7|7e] ZEEA Zadste S B, o€y U %7 |
A 2] 7] tof] whE Aol ALl ¢lArh

ABINA 280l & THFBe ¢ 4 54

Atz BB EF oEAE A 6047 MM FUkslchl 2F2 ZHas)
t Z¥E Uehida, FAE ¥ Agere] o7 wWokxw, #E Ay
Leh i odet Baule] o"d Ayae ARs|Eet I3 vyt g Ul
v A *71011 orzhe] ofl"¥l ko]l FriEle Zo = viebdrt wl ‘Al FF

]

= wavlel SAeA we oUW AAare Ry
3. MA ZPdol ©2 e g 54

Mg 27178 PE WE-olRAFAA AzlTe TFW Srbsls 2R Uend
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18000l 13.2%8] ZH&E UEhiglst] ete] 0.05mm WEo2 WAl A 30wt
of 66.7%% & UF ZAWE&E Hach v ‘AW FF AL AR F A AHE
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A3 & SHME MY Az 7Y U systen
Zatet ol

A A

CAX B2 g=2] Kiddel West7} WAstA] 9dx 9|H o =AY #F 7tAE o]
&3 2 ML Thssdol thdt Aol vIFRE R, Z7lde ¥ 2ASIA A
B1E S A7) 9P Bz erie #EEo] EAAOR wWHstA HA
ol Sl CA Aol A YFe2REH =2 Ao oM afeiEln gatd
Fo Afafrol o HF z2AFPo] Holgla]l 2 AFoch oo HAE +%
F BEAFAE 21T A A HEIE chuste] HA cAzxZo] HAF oo AR
HetElo] Sl £ A4 W], &3 ohs, WEEEES AQARE 3l & 4

o AU

1. N3
7h &=l RazA, A%
vhooduEb s dgoia, etweu
Tt} ols o AAlobs

et WEENE

B

17

4 LY

2. A&

o] TRazAe cA 2AL €0, 5, 10, 15% 0, 3% ‘oJE L 0, HE 3,
8% 3l CO, 10, 15, 20%% stglem ‘FYrji’'= 0, =1, 5% % €0, 5, 10% 2
Helstd et s WE|F 0.03mn PE filmo] M-F, |, FEHE 3t
gom Mimte2 0, 3%, C0. 4, 8 12% =2 Az|3tict WEEDEE 0, 3,
6%, C0, 2, 5%% A zlstadry,
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A3 9 23
1. 971 'Rz’ AP caAy =23 A3

o, Zzof wh cAx Y W AARFF W] ‘Hazxy e Fuzge E 13 2
o] HAA2A ol A 4d=fol 20%7} WSt oLt €0, 15% AP AF 25
dof 21.9%2 3F7t o] /My Zeg oAFeH FAHLR 0, FEI &S
+5 Fujzhgo] A wWAEstAch

(Z 1) CA A2 W2 A3 F HWr] ‘HazxA o Fujzs (%)
o AR
0 4 7 11 14 17 21 25 28 32
CO, = 5% 0 5 6.7 89 13.3 19.7 29.4 - - -
10% 0 5 5 6.1 9.6 16 21.9 27.9 31.5 36.2
15% 0 1.7 5 6.1 8.3 10.7 16.7 21.9 29.0 32.0
Control 0 20 225 31.7 38.8 46 52.5 - - -

¥ AR 0, ®% : 3%

(% 2) CA Az W& A F ©7] ‘Hazxy o g W ("Bx)

A e ;
o 4 7 11 14 17 21 15 28 32
0, %= 5¢ 179 7.9 80 7.7 7.3 7.4 7.1 - - -
10« 7.9 7.8 7.9 7.8 75 7.4 7.1
15 7.9 78 7.5 73 7.1 7.0 6.8
Control 79 7.2 7.2 69 7.0 7.0 65 - - -

*CAX 2] 0, % @ 3%

o =N
o

g =@y Rz el Jdewsts 329} o] AR 494 CAMF AHeFe =
7l @27t fARE Ao AgA e ZaE Vehgdeh a2y Aol B st
A AAAer g 48195, 219Ae A2A oM 6.5 BxE YEIL Hot
Fom (0, sxo W& CAXFEFE v FBE Uehidich X3S ARE FA
o] WsE uehd oz AAy|zte] Fjte] uwiel st FRE vehlddenu
|t & Aol glo] €0, 15%A e]FollA A7 21UF 0.54%2 A2* 2] 0.59%
Bt ofzk WA Liehy gl

s W7 RaRA 2 ASEHA FE7E stof AU B4} Ho] A 214
of C0, 15%A 2]t 41.7g 22 7PAeA RAEs o] TIFo|oL}t A H
U €0, SwAelit= Z4Zt 33.6, 33.3go% AU FEHETE wWol AMEHIUZE
o 4+ olddrh. #F5e CAxFzZe whE Wl HAx WHIE UEhd ZoR AFxT)
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o= Ae|zte] HAclzt zlol& WA & + QT =] 214F €0, 10% L 1553 8| -
= EF L a, bglo] IZA 4Asle] el Moy wol Blojytgs o4 gldr} uw
2hal ol 4te] AT CAZRZAZF €0, 15%A 2|77} ©r)e] MERA 713 AU
Holom o] AglFolAe] shelf-life & 3wen’} 7}s ¥ Ao g sty gr},

(£ 3) B2 WE AF F D7 BRI B2 A (%)
o e AR (D)
0 4 7 11 14 17 21 15 28 32
0., w% 5% 0.75 0.65 0.65 0.64 0.57 0.57 0.64 - - -
10% 0.75 0.66 0.68 0.69 0.60 0.59 0.62 0.57 0.59 0.44
15% 0.75 0.66 0.65 0.66 0.59 0.58 0.54 0.51 0.46 0.39
Control 0.75 0.72 0.66 0.68 0.61 0.59 0.59 - -

* CAXRL] 0, H% @ 3%

®

(3 4) CAX Rz W2 AFF 7] ‘RazAP o] ZFx #HsE (g)
A 2 Al (d)
0 4 7 11 14 17 21 15 28 32
C0, 5 5% 47.5 46.4 44.1 44.4 46.2 44.9 33.3 - - -
10% 47.5 48.5 47.9 44.6 41.9 41.7 36.7 355 38.5 27.8
15% 47.5 47.2 46.4 46.6 46.6 46.4 41.7 40.2 38.6 35.7
Control 47.5 42.8 42.9 42.7 40.3 358 33.6 - - -
*CAAM ] 0, =% @ 3%
(X 5) CAX|AZ o] W}E A AE wly] ‘Hp2A 9 Hunter value &) ¥H3E}
252 A z2A 0 4 7 11 14 17 21 25 28 32
REEEY 41.1 38.2 42.7 39.5 40.9 43.9 42.6 - - -
. 0, 3% C0, 5% 41.1 39.4 43.3 41.1 40.6 43.5 42.0 - - -
", 00, 10% 41.1 39.2 41.0 40.7 37.4 40.5 41.7 28.1 30.0 30.2
", 00, 15% 41.1 39.5 43.0 42.5 41.5 42.9 43.1 28.6 30.1 29.2
NESSE 26.5 30.9 33.2 32.9 33.0 32.1 30.2 - - -
0, 3% C0, 5% 26.5 30.8 33.6 32.8 33.6 32.6 30.7 - - -
@ ", C0, 10% 26.5 30.9 33.9 34.5 33.5 33.5 31.6 24.0 24.2 22.6
", 00, 15% 26.5 31.5 32.7 34,1 31.7 32.2 31.8 24.6 24.5 23.8
REES 28.1 32.8 31.4 31.6 33.7 37.6 34.2 - - -
X 0, 3% CO0, 5% 28.1 30.5 33.3 33.6 33.8 33.1 33.4 - - -
", C0, 10% 28.1 29.6 34.0 34.4 34.0 36.0 36.9 26.1 26.4 24.9
, C0, 15% 28.1 32.1 33.8 36.2 34.5 35.8 350 25.8 26.5 24.2

*CAX R 0, w5 @ 3%
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2. 97] 'olgre A caHF 2 43

fof

71l HH CARZAS P CAXA/NTES AA3taAt 0, 3, 8% U
Co, 10, 15, 20% =& 23¥ste] CAx A A} A &x Ao 12€ 7 AHF o] 7}

=l o) CAX AL 0, 8% CO, 15% ZZolA 28Ut A &o] 7Hedtd 7p3 A
3t ZAL UERYI, 0, 3%, C0, 15% RZoA: 2447t A Ro] 7hestaict
Co, W ojelel wbAare 0, 3% W 8% BT C0, 7} 15%Q CAZRZAoA AA LE}
U 3E W wstolAef Hykstelct (F 6, 7).
(F 6) CA HAZZ] wlE AMAF U7 ‘o8 2] 0, YA (ml/kg/h)
0 €0 A A d £ (d)
e =T
0 4 8 12 16 20 24 28 32
(%) (%)
10 22.6 22.8 50.5 47.8 57.5 33.1 29.0 21.2 36.1
3 15 22.6 150 30.9 37.5 40.8 28.5 245 11.8 34.2
20 22.6 17.6 352 51.5 53.4 33.8 34.0 27.3 -
10 22.6 24.1 32.4 49,2 51.6 27.6 285 167 27.3
8 15 22.6 13.7 21.4 46.6 48.1 27.6 285 13.2 31.2
20 22.6 24,3 27.2 445 64.6 39.2 27.8 33.2 -
Rk 22.6 16.4 61.8 69.9 73.3 71.2 39.3 - -
(X 7) CA AR wE AFF ©I| ‘o8 ¢ C, H, YA (1/g/h)
0. €0, A A d o (Y)
LT =T
0 4 8 12 16 20 24 28 32
(%) (%)
10 0.24 0.52 0.5 0.3 0.46 0.71 0.66 0.81 0.92
3 15 0.24 0.53 0.45 0.99 0.25 0.72 0.93 0.73 0.80
20 0.24 1.41 0.39 1.39 0.3 1.19 0.99 1.13 -
10 0.24 0.81 0.32 0.75 1.14 0.72 0.8 0.88 0.63
8 15 0.24 1.06 0.6 0.99 0.41 0.85 0.8 0.45 1.03
20 0.24 1.52 0.33 0.64 0.48 1.01 0.52 1.13 -
2 22 & 0.24 0.36 0.78 0.91 1.17 1.45 0.66 - -
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AEE 0, 3 W 8% BF 00, 7H10% B 1549 CAZZojNE A3 32871 1008/ ¢ 2m
ooz SAEG O €0, 205 FENME 0, 3% U w 20, 0, 8% Uwl: 169
ol 100g/ ¢2mm m)EtO Z ylolx] W57} AlStETHE 8).

CAX Z+Z HE}EIC €22 0, 3 @ 8% =E C0, 7} 10, 15%Q) CARZANA = A
2k 28 7l2] oF 80% F-A|E UL} €0, 20%ollA= 0, 3d uf 16, 0, 8%YU uwi= =
A 20d, 2Eln A2ARoME AF 12900 80%0]5tE YobA wlEIHIC £Ao] &A
LIEPSIT (F 9).

(£ 8) CA Az WS AHF 7] ‘8 ¢ F=H3 (g/2umm)
0, Co, o A oA £ (d)
TE T= 0 4 8 12 16 20 24 28 32

(%) (%)
10 147 136 133 138 134 124 129 113 102
3 15 147 140 125 130 131 124 119 122 120

20 147 125 128 114 103 100 92 91 -

10 147 137 142 133 129 130 112 126 124
8 15 147 134 136 134 119 116 112 108 126

20 147 122 119 101 92 85 88 94 -
A A % 147 106 107 101 93 85 83 - -

(% 9) CA 2ol u}2 APE D] ‘6% ¢ Vitamin C W (mg/100g)
0. CO A B d 5 ()
e =%
() (%)
10 63.7 60.4 56.6 53.5 51.7 550 54.8 51.6 49.2
3 15 63.7 57.8 62.0 57.4 53.6 52.5 53.0 49.9 5l1.4
20 63.7 63.2 56.6 55.0 50.1 47.9 44.7 41.0 -

0 4 8 12 16 20 24 28 32

10 63.7 59.3 55.2 53.9 51.6 54.5 47.0 49.2 46.3
8 15 63.7 59.6 56.8 55.6 54.4 49.4 52.8 50.6 49.6

20 63.7 60.7 58.8 58.5 543 46.2 38.9 42.3 -
A 222t 63.7 53.6 54.0 49.4 445 39.8 36.9 - -

QrEAlOlIS A o2 WrE AAsiAol AMAFE TSIt Zastdn)
0, BE7 S4B kEAlold §ure] Z77} A A ATHE 10),
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Hunter color valueZ® "a”3tel WH3l: Z71sicirt Yolxl= ZA¥S LERj2i oL} CA
Z7of weire & AtelE UEhA] WSTHE 11).

(X 10) CA AR W A AF =] ‘ofF o] ¢tEAJold W3} (mg/100g)
0, C0, A F d £ (Y)
TE TR 4 8 12 16 20 24 28 32

(%) (%)
10 8.2 9.6 10.1 10.4 10.2 10.6 15.7 12,5 12.0
3 15 8.2 10.8 10.9 11.8 17.0 14.4 12.6 12.0 11.7
20 8.2 9.8 15,7 13.0 12.1 12.1 13.1 6.8 -

10 8.2 9.8 9.7 9.9 10.9 14.9 11.1 9.8 10.7
8 15 8.2 10.4 10.7 10,7 16.4 13.5 14.6 12.7 10.5

20 8.2 10.3 16.9 10.6 12.7 11.8 11.8 7.0 -
2| 22 %} 8.2 15.8 17.5 12,4 12,1 11.8 11.3 - -

(E 11) CA A F=Ao] g AHAF 7] ‘oJ-§g’ 2] Redness(a) W3}

0 o, A3 d & ()
5T BT
(%) (%)
10 39.6 40.0 41.8 42.6 40.9 40.3 39.7 39.7 38.9

3 15 39.6 40.3 41.4 41.6 41.0 40.8 40.2 40.2 39.4
20 39.6 39.8 41.4 42.5 42.0 40.1 39.7 37.2 -

0 4 8 12 16 20 24 28 32

oo W

10 39.6 39.9 39.8 40.4 41.3 40.4 40.2 38.8 39.4
8 15 39.6 41.9 40.9 41.9 41.4 40.0 39.9 41.4 39.8
20 39.6 39.8 40.2 40.4 41.4 40.0 37.8 39.2 -
A 2A A 39.6 39.1 42.3 41.8 42.1 40.2  39.9 - -
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(X 12) CA Mz wE AZF 27 ‘o8 o Fujzs (%)

P } Q A o)

0. B C0, &% — 8 112 %16 : 20 (Ez)4 28 32
10 0 0 50 95 115 149 165 2.5

3 15 0 0 1.7 46 7.1 117 20.0
20 0 3.7 146 184 415 51.9 -
10 0 0 44 7.8 146 19.3 23.6
8 15 0 0 7.7 112 12.8 16.0 21.4
20 0 6.9 139 169 327 51.6 -

A2 % 0 3.7 11.8 19.9 47.3 86.9 - -

CAX ZE ZHo AT Fulzts A2AFAME A 1640l oF 20% U331
U CAx|&rol A= 0, 3 W 8% BT CO, 10, 15% ZZAoA A& 284 7hA] 20% njmt
2 UEBITHE 12). CAXAZF "7 = olehs #ao] F713te] o] 7t dAdst=d
€0, 20%s =0l = A 20 o]Fof o]37t A3l HeF 48] ErtestAdon}
€0, 15% oA 0, 3% o ul 244, 0, 8% ZAAE 28¢ 71x] #53 80| 7t
St THE 13).

°
A=)

(F 13) CA M ZzZol whE AT Y7 '8 2] olHUdAF = U olet=T®

%‘OZE (—;:25 ilcick:ia: ol El=3ter (ppm)
%) %) 16 20 24 28 324 2 224 7
10 0 0.8 1.4 1.8 1.8 125
3 15 0 0.6 1.4 1.8 2.0 243
20 0 1.4 2.4 2.8 - 595
10 0 0.6 1.4 1.6 1.6 171
8 15 0 0.8 1.2 1.4 1.6 174
20 0 1.2 2.6 2.6 . 805
A2 % - - - - - 100
%0 : o]z A B 1 ozt Wy #Aszos 8
2 e PeHORE £ 7t 3 MIHA =72
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3. vt Fgeia’ e

43 cad g 27 44

CANAZ ¥ Hze A%

dol Frtsta

o¥3ite] hardness %

g]Ztoll= 0, Bl HANR
A EE Tl BEE

o, HAEAEE AR 2L7HA]

< UERSITHE 15).

springiness
o] CO, 7} &2
A ell= Ae]Zb glo]
2ol b LIERLER]|

17 ol

Fol

WA oA THg BTo] A

= A% 204

7x etz e
10sR elol GAl LhebRTH E

7 BEE

A3l whZof
S = UERiCH
o CAA R A

QoA The o

olsf 271

14).

VA EE @ U9 Hunter values M 2749 74 L W ‘e’ ol
= od aolzt QX BWAEE Uehl: "bUzke A2 Fste 2w u
ehen B3 AeAgeld A wobd uRst $uZAel uehhEd %
Moz go] Weldeg ¥ 4 AATHE 16). Y3t AFF B Feh A% )

21ef

o 71x] CAx Z2Zol ulgtd = zbolrt gl

o A ol

of jo] o g WY IS LERNHUTHE 17).
(E 14) Ju} “Hdch’e] CAN % F 3 W Texturex®] M3}
0, CO, Zeko] Z7lak(%) Hardness(kg/4mm) Springiness
Tr BT
Rt R 2 Rt N IR
1 5 -0.4 -0.1 2.11 1.92 0.86 0.78
10 -0.4 -0.1 1.95 1.84 0.86 0.78
5 5 -0.7 -0.2 2.16 1.90 0.87 0.80
10 -0.7 -0.5 2.16 1.83 0.88 0.76
A2 % -0.7 +0.2 2.06 1.99 0.88 0.78
% %] ZA Hardness : 2.39, Springiness @ 0.89
(F 15) gup “F3on el CAxd F &= W P4tz e] W
0, CO, o= (Bx) A= (%)
T =
0 171 270 0 171 271
(%) (%)
) 5 8.5 9.0 10.0 0.11 0.11 0.1
10 8.5 8.9 9.8 0.11 0.1 0.1
5 5 8.5 9.3 9.5 0.11 0.11 0.1
10 8.5 9.0 9.9 0.11 0.1 0.1
A2 % 8.5 9.0 9.9 0.11 0.09 0.09
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(¥ 16) ozt “Hdci’e] CAx g & 2] Hunter color value ¥ &}

0, CO. Lightness(L) ‘ Redness(a) o Yel lowness(b)
= = o o
(%) (%) 171 2704 170 271« 171 Y
| 5 77.3 76.6  -1.8 2.0 6.3 8.0

10 75.8 76.2 -1.8 -1.8 6.3 7.4

5 5 77.0 75.6 -1.6 -1.7 5.5 8.4

10 77.4 77.9 1.8 -1.9 6.3 7.8
#] 22 A} 76.8 74.7 -2.0 -2.1 7.0 10.0

e
% A ZA L 754, a: -1.6, b: 579

(3 17) @3} “Hcirre] Ay F oo Wt

02 CO. - EA () BA (%) B3R/ (%)
L =g
(5 ) 171 270 17 2704 171 270
% %
. 5 100 97.7 99,9 98. 4 98. 8 98. 8
10 99.4 98.8 100 99,4 99.3 98.7
; 5 100 99.0 100 100 94.5 94.9
10 99.6 100. 3 99.7 99,7 96, 2 96.6
2 22 2} 100. 3 101.3 98.9 99,1 98.7 994

N-8

uty] ofwl ‘o’ A CA AY A AF

Zto] CcA A%
et 7% 2]




PE Y& fFAeloA |87 e] AT F=rt $715he Z3old
2 FHIAY v ¥ E5& FASTACH Y 3).
Tare AZuHoA 2o ZIIBIttrt 5UR|o] AT Ao|glon BT
U #F 4e82 ZIIRE ZFYo] AASItL 5ol /SR vl%3t 4
[e]

2

Rtulefute] YrlE Uehles LY U2 #3715l AFege] FIolvt /3 |
SET #A #2 Hlen HYEE Uehles ‘a'32 A3UFol FFelu 3R
the s fAEglen FAEE Yehds b3S BE Azt Aelzt gl
g5 6 7). UZ AEE AIFURONM P Woten 733 /3 U282 /% 14
doll= +2Zol7t 23cmol| A 42cmoll7HA] o] 2 TH 1| 8, 9).

1.5 -
—e— PE ‘/9
12 | o PEPo /(_d
© —w— PE Vac. ‘o
= —o - Wax + PE /-
o —a Wax + PE Po.
8 0.9 —a — Wax + PE Vac. ){
= —8
= o
o 06 re
o Y
2 03 r} o v ﬂﬂ——o—o—o
0.0 -
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Storage Periods (Days)
O 2. wmo YL
4 5 . - - R
—e— PE
O PE Po.
—_ 40 —%— PE Vac.
Z —v- Wax + PE
w35 —8— Wax + PE Po
g | —8 - Wax + PE Vac. !
€ | ]
E 30 i
@ 25 |
o i
L |
20 ‘
15

B i

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Storage periods (Days)

I3 3. vy F=Es
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CO2 evolution (ml/kg/hr)

L value

30 -

25 |

20

15

10 |

N —e— PE f
@ PE Po.
/-/.\\\ —v— PE Vac.
A
\ —- Wax +PE |
b \ - Wax +PE Po. |
N\ »\,\V\ —® - Wax + PE Vac.
V\ .

01t 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Storage periods (Days)

33 4 v 3EFY W

—v- Wax + PE
—& Wax + PE Po.
—&-- Wax + PE Vac.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Storage periods (Days)

%l 5, wlEjeFu} “L” valu



a value

BN HUOaNWROO~N®

—e&— PE
@ - PE Po.
—— PE Vac.
/- — —- Wax + PE
® - —&- Wax + PE Po.
/ : ~ —& - Wax + PE Vac.

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Storage periods (Days)

2 6. vhE[okT} “a” value

b value

—&— PE

@ - PE Po.

—%— PE Vac.

—7- Wax + PE
—&- Wax + PE Po.
—& - Wax + PE Vac.

T T T T T T T T T

4 5 6 7 8 9 10 11 12 13 14 15

o_
-
.
o 1

Storage periods (Days)

ozl 7. etmjokul “b” value
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o

kel
L
=

45

35

25

Rooting (cm)
8

15
10

—e— PE
® PEPo. i

—%— PE Vac. i

—¥ - Wax + PE

—& Wax + PE Po. P o //i

—& - Wax + PE Vac. /’_v/

T T T T T T T T T “t T 1

12 3 4 5 6 7 8 9 1011 12 13 14 15

Storage periods (Days)

ol g8 qu]otﬁ]. HE}E;HE (_\ij‘ 7101)

=

2]

hardness

o

_90_
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=1

|

nttel A cA A =d 43
ARge ALl 2A From wha) FFo| whejAs
| B 27 Uehdi, g Aeloli obd xolz} glgith mh
ubs], Fubw] oy BE oA geld WA UshhReu sy



(springiness)Z A2 % o CAXZ 2] x}oj7 ¢lgiL, vy FFo wletr= by
nps2] Etdo] L& A o7 LElYrHE 18).

(3 18) nls"AAtols"e CAxArE 72 & 9 Texture?| ¥E}
uhx) CO, 22 8(%) Hardness(kg/2mm) Springiness
AOLEH %1:
%) 171 270 170 271 170 2714
%
R 1] 4 0.2 0.2 1.10 0.91 0.938 0.933
8 0.2 0.4 1.10 0.90 0.934 0.926
12 0.1 0.3 1.16 1.09 0.954 0.935
Z] 22| A} 1.0 2.5 0.95 0.87 0.961 0.931
4 1.0 1.9 1.14 0.99 0.955 0.954
o) 8 0.5 1.4 1.14 0.99 0.963 0.948
K 12 0.5 1.1 1.18 0.99 0.963  0.954
#] 22 &} 1.6 5.4 1.17 0.99 0.960 0.961

AR AL 0, B% ¢ 3%

CAMAE nhsd SFY 9 odd UL ALAR o TFFo] IA Yo
o, g F5o] ulebMs 2eH ohsd] TEF] v A Jelwtn, cAxF A
ol ob& zto]zt ¢ldich ogdsl WAz ANH o2 njo|stA velgton ity
512 ¢4-2 misHErt o3t Ao oyl wWAEke] Lol MERA|of= Hgstx| Es}
ATH E 19).

(E 19) R "Miubs"s] CAAEE TEY 2 olg ¥ uday Ha

nly) o, C0, (méskg/h) C. Hy (1/g/h)
“JER T
(5%) 0y 1714 2714 0d 171« 2704
ety 4 10.5 30.4 74.5 0.82 1.13 0.58
8 10.5 23.7 66.6 0.82 1.22 0.54
12 10.5 51.9 77.5 0.82 1.36 0.65
& -2 & ZF 10.5 58.6 100.4 0.82 1.19 0.90
4 25.3 69.0 192.2 0.97 1.42 0.76
ury) 8 25.3 46.7 158. 4 0.97 1.21 0.84
12 25.3 107.1 187.8 0.97 1.39 0.74
A -2 2} 25.3 61.6 203.8 0.97 1.43 0.95

*CAZAFe] 0, ®% : 3%
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nts A AFE oL utujgt upgo] At o AFRA nletAs A2A
ol 1714l oF 39%i} WABFIA T CAH M E 0, 4ol A 17§l 1551}
HFASIATE nhslH o] ZhHubd e Fuby] nhisd A% 27fdo] Eojof o] 3t

a3 AzA e TolE A2A o] tid A UEeixten, iy ol A% 274
ol 48%F EA UEIYTHE 20).

2ul g npse] A A 270 7iR]e] Mol wzte AT E Uehle “a’3fo] wobH
Fxp Ao g Wl 9SS Uehlgden, APz wetME 0, 4% A e]Fol
A "a” Zkol 7V A LERRTHE 21).

(F 20) ohe"Mauls”e] CAX RS Rl g \s

ul arxulojulal o (2}
;3 (:5 &%) E(:) RE g ame) By QW& (%)
(%) 170 2704 1714 271 1709 270
uty] 4 3.2 5.9 0 9.8 3.2 9.8
4.3 3.9 3.4 7.7 4.3 7.7
12 3.2 4.4 0 8.9 3.2 8.9
HeAR 7.7 3.9 0 11.5 7.7 11.5
4 15.0 18.8 5.0 23.8 15.0 25.3
- 8 5.5 10.9 0 13.8 5.5 15.4
12 3.5 20.0 0 22.4 3.5 22.4
23 38,9 71.8 9.8 48.3 41,2 74.3

WA RE] 0, & 3%

(¥ 21) ¥ools CAXAFE Hunter color value?] W3}

0, Lightness(L) Redness(a) Yellowness(b)

=

(%) 0o 170 270 0d 171 270 0dd 171 270
4 77.5 80.7 78.5 -4.0 -2.5 -1.1 21.9 23.6 22.7

77.3 81.3 82.8 -3.8 -3.0 -2.5 22.5 23.6 23.6
12 77.7 82.0 80.0 -4.0 -2.9 -2.9 22.0 23.1 22.4
2| 24 A 76,9 80. 2 - -3.9 -2.4 - 23.0 24.6 -

WA RS} 0, FE 3
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6. WEEuIE ‘7’2 AF CA AF A 43

1) Y2ENE I A 24 73

CAMAF WEEUES] T FHE CAX oA AF 23 711 A F718tadcirl o
: 3%, CO, 2%8] ZZAAME HI3HA FRIE AL ThE CAR Aol A= HEIL A
LEjQh. 2Ela " BAEFE CAXFolM= AZF A F71sichrt gashs

g Ut e o A2 A% 37 712 AL FIIsitt A& 4530 A
ZrastdrH o™ 1, 2).

WEENEL] ZEs CAX AN A 55 o] Fo FA3] HAastdon, Az
o mwietrl= 0, 3%, C0, 2% 7} A ZA 82lgolH 5F F o& 763g2 & H|2d L&
AEE vehldon A2AYL 3F Fof Zxrt dotA] A% 5Fof& 528g2F

¢ stolzlth(ad 3).

-@- O,3% C0.2%
-0~ 0.3%.C05%
- O,6%, 00,2%
-~ O,6%, CO,5%
~fi}~ Control

CoHy(rlgh)

— Conird

o 1 2 3 1 5 s o 1 2 3 & 5 s
Storage time(weeks) Storage time(weeks)

Fig. 1 Changes in respiration rate of cherry tomatos Fig. 2 Changes in ethylene production of cherry
with CA conditions tomatos with CA conditions

CAX AE WE&EES lightnesst FA} Z4stgon P2 wets A2
Aol Al 7t dhe] ol A, 0, 3%, CO, 2%2] CARZIMA &A |x|=Egict. 2

3 rednesst= CAX|&of|A] A A 4~5F o] Fo] Lol oL} A AL A &
F7slchzt d4stolen, yellowness= ARF A% F71stdn A3z ulebA
0, 3% CO, 2%2] CAZZAM A% 55 71 W37t AA ettt Iy 4, 5,

_—

rr

[*2]
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37

-8 O3% 0%
-0~ 03% COF%
- OF% 002% u
-~ Of% C0,5%
500 —& Control
i T T T ' T T 3 T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Storage time(weeks) Storage time(weeks)
Fig. 3 Changes in hardness of cherry tomatos Fig. 4 Changes in lightness of cherry tomatos
with CA conditions with CA condotions
19 24
-8 0g3% C02%
O Op3% C05% . -@- O3%, CO2%
18 g~ 06%002% -O- OF%. C05%
- 0% 005% ~¥— Of% CO2%

—#- Control 2 -~ Of% C05%
—&- Control

Yellowness(b)

T T T T 4 T ¥ T T T T n
0 1 2 3 4 5 8 0 1 2 3 4 5 8

Storage time(weeks) Storage time{weeks)
Fig. 5 Changes in redness of cherry tomatos ~ Fig. 6 Changes in yellowness of cherry tomatos
with CA conditions with CA conditions

e entEe] el A 6.7 oA 0, 3%+C0, 2% U 0, 3%+C0, 5%2] CAA
Zol A M3} 5F 7px] 242k 6.1, 6.2% v]laF A {FAEe 0, 6% RAKCTI HE
7t A fREd o, H2A o 4Fo]Fo] 6 o|3t2 ylolFTt ela AEE
2} rASH= ZAskS Vel en AZRZo] wiglMdE 0, %2 CARZO] 0, 6%2]
ARt A4 FAEACHIY 7, 8).

BN m
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75

8- 023% COp2%
-8 0% C02% , -0~ Oz3% COE%
- 70 0 0FM 0% -¥- 0% 002%
b ¥ 0% 002% —— O26% CO%%
° -7~ 0% 005% . -8 Contrd
- & Qotrd $
g 65 g, /
g &
4 3
g =
8 60
55J!
o 1 2 3 & 5 s o 1 2 3 4 5 6
Storage times (weeks) Storage timefweeks)
Fig. 7 Chenges in soluble sdlids of cherry tomato  Fig. 8 Changes in total acid of cherry tomatos
with CA conditions. with CA conditions

AYE WEENEY FuE vl dat @ IPodAdg AR A g
HZA ol A A 470 20.6%2 wA Uel o CAH A E AA 6F 7EA] 10%
ojRte 2 YA Uetdth Jela Fgo] WSS A2A oM A 450 32,9%
2 ojf gol 3F olF ol Aol EVMestAd oL} CAXFold= HA 55 71=] 10%
oRte g uotom 53] 0, 3%+C0, 259 ZZolM= AF 550l 2.8%% 5377 A
o] 7Hs3tHATH & 22).

(& 22) CAMZES YEEUIES] I3t 9 FYo] WY S

cAz A 2H(%) ol 3 2 (%)

(%) 3% 4% 5% 6% 3% 4% 5% 6%
0, 3, CO, 2 1.9 3.2 4.6 6.8 0 0 2.8 9.5
0, 3, CO, 5 4.1 8.7 6.9 9.2 0 0 6.1 10.8
0, 6, CO, 2 3.4 3.9 4.2 7.6 0 0 8.3 14.8
0, 6, CO, 5 2.0 3.1 5.2 8.0 0 0 5.4 9.2
Control 8.6 20.6 39.0 - 9.3 31.9 48.8 -

2) WEENE CA A AA e g o
WEEOE AAF 0, U] glolM Azt 2 zlolE Rol|x] gk A A
& FIMAE 2 AolE Holx] igtom ofeldl wbdakof glojA] ExE HAT A
gl-7t FA ol wls] ub ol ¥ uAdare Vel g4 e g A et v
2E o Z o7} gl Zog UEeluTh (¥ 23, 24)

4

_95_



(£ 23) WEEUE AFF 0, BEFe] st (ml - kg-1-hr-1)

2 ¢
A ] 0 1 2 3 4 6 8
2 A g 25.7 26.5 24.9 24.0 25.0 24.0 17.1
214 A 26. 4 24.6 21.9 22.3 22.2 22.1 14.9
°§d:7‘<13]+
B A 26.4 26.0 24.0 23.6 22.3 22.3 21.4
A g 29.6 27.3 24.6 25.1 25.1 25.5 20.0
(F 24) WEEUE A AF C2H4 Bd=Fe] M3} (ppm)
_ R T
A 1% 71 2(4)
0 1 2 3 4 6 8
A e 6.1 4.9 5.5 55 4.5 5.0 6.4
Zx] A A 5.4 4.6 4.0 3.9 2.9 2.8 3.5
03_&_%{ E]+
= 8.3 6.6 5.2 4.9 4.2 4.1 3.8
2] %) 7
A A 2| 8.1 6.3 5.1 6.4 4.8 6.9 3.6

YEEOE AYF 1P ES] "t glojd Azt Aolst giglem A7
Hed AP EL VT I HEDL gle A2® Urizten HAYatze] Wzte] glof
M= A2zt A Ate]& Holx| sttt

(% 25) WEENE AIFF 7184 18 EF2] Wzt ("Bx)
. 2 A 7 HY)
A el 0 1 2 3 1 6 3
e 7.4 7.9 7.8 7.9 8.0 7.6 7.6
2] # A 7.3 7.6 7.7 7.5 7.3 7.5 7.3
B2l 7.7 7.9 8.0 7.4 7.8 7.4 7.2
T A7 . . . . . . .
SPE 8.1 8.0 7.7 7.5 7.4 7.4 7.4
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(£ 26) YEEUE AT

AR o] W3}

. A B 7 7HY)
Al 0 1 2 3 4 6 8
=Ry 0.6 0.6 0.6 0.6 0.6 0.5 0.5
2 2] 2 A 0.7 0.6 0.5 0.6 0.6 0.6 0.5
A A 8]+
0.7 0.7 0.6 0.7 0.6 0.5 0.5
=) | A
o34 g 0.8 0.7 0.6 0.6 0.6 0.5 0.5
WEENE A F AT o] H e °‘°M A A7 7to] FAE4E Zhasige
o Hz2|ztoll= 2 xlol7l glgch A= wWEl= L3} bgle] A AHe|zt 2 xlon}
gaevt BE AALG UEEnEI} oS 7&1314011 vj3] o7t o AYS Holn
A&7\ 7 & Z xlol & LreEhgA] okgl)
(£ 27) YEEUE ABE 22 v (Kg/ $ 2. Omm)
) A A 7 z2HY)
A2l 0 1 2 3 4 6 8
=R 3.8 3.6 3.4 3.3 3.0 2.9 3.1
27 A 3.6 3.4 3.4 3.3 3.0 3.0 3.2
o3 AR gl T
BaHE T 39 35 35 34 33 30 31
Bz A A
o A2 3.8 3.8 3.5 3.2 3.2 2.9 3.2
(X 28) WEENE AZF Mz w3}
A & 7 ZHY)
A 7 0 1 2 3
L a b L a b L a b L a b
A g 38616619738.3 15.2 20.3 38.0 16.2 16.8 37.3 17.0 19.1
2] 2] A : : "7 37.6 17.2 19.9 39.0 18.0 17.2 37.1 17.3 18.6
B 2] 37.9 15.3 20.4 38.6 15.3 20.4 37.2 16.9 19.3
T2 # 38.816.919.4 °' : : : : : ' : :
o A g 37.4 15,9 19.6 38.8 17.0 24.0 37.2 17.2 19.2
. 4 5 6 8
A el L a b L a b L a b L a b
2] 38.617.416.6 37.3 18.4 19.1 37.3 18.4 19.3 36.7 17.5 17.7
T2 A 38.719.317.0 37.7 19.6 19.2 37.7 20.0 19.2 37.4 19.9 18.8
AL F
) A 38.6 17.4 17.3 37.2 18.0 19.1 37.1 18.8 19.2 37.1 18.9 18.9
HAaxe] 38,717.717.5 37.3 18.6 19.4 36.2 16.5 17.7 37.3 20.3 19.4
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WL ENE AMA F $£8 Lo glojMs A2t & Aol gl RALE LE}
U A A7 7te] AadeE £ g0l FUistAch WEERE AY F 4U7bA
L Raja} o] AL gl AX 6dxiFE Fuirt 43 JWEALE F4A
2] 9 TEx|AA Aelst Fuite] UL EY 4 UMD daAe} BEXH ALY Wy
ARRA] AeRE UehdE o 4+ AATh (F 29, 30)

L}

(3 29) YEENE HAF = Tag (%)
. A A 7 ZHY)
¢
Al 0 1 2 3 4 _ 5 6 8 10
=Ty 0 05 1.1 13 1.8 25 30 34 38
TR A A 0 0.5 1.0 1.2 1.8 2.3 2.6 32 3.6
QN )T
ke 0 0.5 1.1 1.2 1.9 2.4 2.8 3
& A ] 0 0.5 09 1.2 1.8 22 2.6 30 3.4
(F 30) UESEnE AFF Hujzt 43S (%)
. A A 7 HYE)
A el 0 4 6 3 10 12
=BTy 0 0 33.7 6.5 47.3 53.9
B2 7 0 1.1 13.5 23.1 26.2 33.2
QA el T
j =g
A 0 0 2.9 18. 4 21.2 26.1
o 2 2] 0 0 19.5 21.9 46.8 54.6

BeAre AzlFdz 2 Aol ol =
ol 51 whgtat Algke M2 Zashs ARelddn I FEe Aole 3ohd +

sisich
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(X 31) WELENE HFF AsHAt

b7 ol
A 2 P A&7 (d)
0 1 4 6 8

2 At 3.5 3.3 3.1 3.0 3.2

8¥7) 3.4 3.3 3.2 3.3 3.2

=SSN ot 3.0 2.9 2.0 2.4 2.4
Algl 2.5 2.4 2.0 2.1 2.2

AT 3.2 3.1 3.3 3.1 3.6

2 At 3.5 3.4 3.2 3.2 3.0

8¥7) 3.2 3.6 3.1 2.9 3.0

L2 A A chot 3.2 2.8 2.5 2.2 2.3
Aluk 2.2 2.5 1.8 1.6 1.8

A 3.2 3.0 2.4 3.0 3.0

A At 3.6 2.9 2.8 2.8 2.6

87 3.2 2.7 3.0 2.7 2.7

S Y gk 2.8 2.3 2.4 2.1 2.4
Algk 2.7 2.6 2.5 2.3 2.0

A 2.9 3.0 3.1 2.9 3.1

2 gt 3.2 3.4 3.3 3.3 3.0

A g 8¥7) 3.2 3.3 3.0 3.3 3.1
clot 2.7 3.0 2.8 2.4 2.2

+ 222 A A A5k 2.5 2.6 2.1 2.2 1.9
A 2.9 3.1 3.0 3.2 3.2

2 o

‘o m™rle] HF CARAE PSR CAXAINE dAstnA 0, 3, 8% WU
C0, 10, 15, 20% =& Z3dt CAX S At A Fol = 12947 A Fo] 7t
=3t oL} CAX S 0, 8%, CO, 15% ZZolr 28Ut AAo] 7He3dte] 7t 3
3t 24L& UEhRYI, 0, 3% €0, 15% ZZlojA 247t AAo] 7153ldth

AEAjoIIS & oA WrE AAsI I o CAXZF FIsicirt AsiAE
tl €0, =7t YE&FF dEA o §ere] FIUt A= Ak
oFute] CAXAF Fuke] Wl A 171l Fako] Aoyl el lsf 270
Holl= FI13tgom A2 oA 7h3 To] A Zog vepkitt. Tto] CA A%
% utyetule] FRAALLE Wax TH F5Fo] TAGll PE & |FFHeVt {E ¢
719l 1590 1.5%=2 7} Eoton HZuBola FHlct

CAM A e T W offddll UABFE A2 A TFFe] AA wuUL
o, ¥ §Fo wEide e ntsd TEFe] oS A Lebda, CAXA A e
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Bl off Aolrl gladth olwd wAme ANHOE uulstA Uehdom )
sha Qe mbmmTh uhElal o) oY WAl ol MERAcls HYsH R
Ath CA{RE WLEOES TFBL ANHAN MR 2% 7k 2A Fristant
b0, 3, co, 28] ZAIME ulEelA AT THE AR AT AL W3
b AgEech 2 oY AR AL ABF B F7siTit 2a
st Awre Uehigisd Aedgelds A3 3% 71 A% 7ttt A% 430l
a7 7tastert,

AL+

Fisher, D.V. 1942. Mealiness of quality in delicious apples as affected by
certain orchard conditions and storage techniques. Proc. Am. Soc. Hort. Sci.
40:128.

Fidler, J.C., and Mann, G. 1972. Refrigerated storage of apples and pears-a
practical guide. Commonwealth Agr. Bureaux, Farnhom Royal. Slough SLZ 3BN,
England.

Fidler, J.C., Wilkinson, B.G., Edney, K.L., and Sharples, R.0. 1973. The
biology of apple and pear storage, Commonwealth Agr. Bureaux, Farnham Royal,
Slough SL23BN, England.

French, T.E., and Vierck, C.J. 1972. The fundamentals of engineering drawing
and graphic technology. McGraw-Hill.

Geankoplis, C.J. 1993. Transport processes and unit operations. Prentice-Hall.
p525~535.

Inaba A; Kubo Y: Nakamura R, 1989. Effect of exogenous ethylene on respiration
in fruit and vegetables with special reference to temperature, Journal of the
Japanese Society for Horticultural Science: 58 (3) 713-718, 15 ref.

Lukes. T. M(1986) Factors governing the greening of garlic puree. J. Food sci.
51(6),1577~1582

MAFF, Refrigerated storage of fruit and vegetable, MAFF reference book 324,
HMSO, London.

Morris, L.L., Claypocl, L.L., and Murr, D.P. 1971. Modified atmosphere. An
indexed reference list through 1969, with emphasis on horticultural
commodities. Univ. of Calif., Div. of Agr. Sci.

Murr, D.P., Kader, A.A., and Morris, L.L. 1974, Modified atmosphere: An indexed
reference list with emphasis on horticultural commodities. Jan. 1, 1970 to
Apr. 30, 1974. Univ. Calif, Veg. Crops Series 168.
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A2 A R A A A =27 79

A A

CAX RS A £33 1950t S 7H o n|=z3t 4=, ofefg], =ZalA & F
HollA FdstA dojutz 19650l ol2ej = 24RHES] CAX 7} nlZof Nz
1987 ofl= 180RHE FEE FrixE Hxfoll= 2009HE o]te] FEE FHrf Fajof
olch. MAY W Uete2 CAA & thste] T EH2} HAY AFE H3Ps] Bis
7‘“"“6}"' thiwof AA 4385131 Qlt}. Bartschi= ol 2HEe] WAzl CAx| Aol 3t
ATE 433, Lougheed= CAS] B ZA gas®| AS3 Aojo] #g A2} 2
a % EHOﬂ/\H CAX Ao T3} GE L3Wstart, ZujollA CAx Ao 3 Jr=
1980 FE] AZE D, 5 FHAVEE HFY BHIL wxo BI A3TL
o] FolA v} 1980dt] Tt HEIZFE N FHUNF L ARt R Pilot
3 CAXMZIZF AXEHEA CA Ao A AF I Fuf A Zofrt o] Foiza 9l
=3

2 cn A7 WRe 2 %Lnow AVIEL sl sl Y 4% o 223
Wol Hololx] e ARO|EET UolAE 4HE EURAES % 4 A ALHE

thulsle 2 cAzzlo] HAE ofo} 547“’& sebdch et 2 AlgES S 2
el *}Jr v, 2=, w2, HrielE AEARZ 3t CA A A BHIA &

S BRI

1. A=
VAT 2 R s T oo B | I S £
Th XE : ghdEde] gf. Frie) o FolgE’
2. A&
7b, Ab2b ‘2IFE: Co, 1, 3, 5%, 0, 1%
LAk EAD 0 mlg, A%, PEog FE 4¥Ele 0, 3, 5%, 0, 1%

T Co, 1, 3, 5%, 0, 3%

gh, W) ‘g’ oco, 1, 3 5% 0, : 2%

nf, % ‘Fwode]’ © C0, 3, 5, 7% 0, 2%
zitie] ‘Hlolfdz’ @ co, 3, 5 8% 0, 1-3%
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a3

WE

A
1. Atz “27H8 S5, 2l CA AP =4 7%

Abzp ‘2 7ER 9] CA AR A=fA] Bt el won IES
Toll ujsf] & Alo]§ Ho|A] UoUAIRE o WAL CAX o] FA 3]
IE B4 dgdch A 20 A A vEE AR, AR 5 EERAA
28 o €O, 3% 0, 1% ¢l ZOo% Tt A 7Her|HS A-24] ¥
ojm CAX 2 of 90 7hA] A R7|HE AFAIA 4 3gich

=

Mo
”
w© d ay A

(E 1) CA 22 A2 ‘2715 o F-vlal (A% 90, A% 304)

CA

BN

¥4l CO, C2H4 gx A= At

(e}
(%) (ml/kg/h) (h/g/h) (Bx) (kg/ ¢ 4mm) (malic acidx)
0, 1 CO, 1 4.19 16.11 14.1 1.81 0.22
Co, 3 3.34 16.38 14.2 2.17 0.24
€0, 5 4,08 18.33 13.9 1.99 0.21
A2 % 6.03 31.87 13.7 1.77 0.20

2. A FAT S5, AY9E A AR =2 73

7Y 9 =AY Abe gEE nlsart A s o] vste] tha b
on njgtefAs AR Frlol vhd FIBBICL Zadste T WS BS ©
ZZo] ueiM 3T xolyt ot Aot Fee ARV F ol whet

32

[N

asts Agolglon] ngHols H&zht A&l vistel A fAHATh 2
Az A2E e FRULE uSGTolH iR e Zage uvehiel A
Mol BANNT) ulTold HAW 2 U 4 ATHE 2, 3),

2

Mt uge FFate] B €0, 1sA e 1209, A& 60d, 5% A2
T A% 30T LEFI] AEsilen nlseMs €0, sxoll Agaglel A%
150 7}=] Zhd s} wagol Al glglrt

w3 o] &&Y(IY 2,3,4) HIE AMETH ulstol vty HGIh) s
ofA] o] &l ¥ E A& B £ 3lom 0, 1%} Aol 2z 30
2} 1209 Foll At oA 2He] peakE FHT 4 Ugirh wbH 5 2|ol
A 28n) Vel peakZt W2 €0, Ae]Foll Hste] 90U YA FehE Liehd
gom A wrlof o] &&Fo] thA] Friste WElE Hola gith ol= A%
L7)of 5xAe]Fe] ZF-e FzHe] Ay FoloA Kol FFELE B 23
WA o] o oz AEAAIL GH3] A el oyt Frtet Bzch

- 102 -



mebd Alzhel CAMAE Uehbs U2 @ae 3hael wate) Beld AR 7
2o} A WP Bo] Yk Ao ArPr)

(F2) 3529 A3ty A AR 2208 3 5%

o , 2717
T A 0 30 60 90 120 150
n%  14.0 14.7 14.9 14.3 14.2 14.4
1 A% 15.1 14.4 15.2 14.5 14.8 15.1
 #E 151 15. 4 14.7 13.9 13.8 14.9
Tre o 14.0 14.5 14.1 14.2 13.7 13.8
( %8) 3% A< 15.1 14.2 13.7 14.3 14.5 15.0
______________ I 151 14,6 14.8 14,6 14.9 14,0
ml<  14.0 13.8 14.7 14.0 14.2 13.9
5% <& 15.1 14.5 15.3 15.4 15.2 15.5
7 15.1 15.1 14.7 15.2 14.6 15.7
nj<  0.45 0.42 0.43 0.35 0.33 0.29
1% 3% 0.31 0.38 0.41 0.32 0.30 0.27
________________ 2k 0.40 0.35 0.37 0.28 0.25 0.26
A o)< 0.45 0.43 0.37 0.41 0.33 0.33
(#malic 3 A= 0.31 0.30 0.28 0.31 0.27 0.25
acid)  Zp= 0,40 0.40 0.31 0.34 0.23 0.23
o4 0.45 0.45 0.36 0.38 0.33 0.28
5% A< 0.3l 0.30 0.27 0.30 0.28 0.30
2= 0.40 0.28 0.28 0.29 0.25 0. 24
ul& 1,49 1.47 1.23 1.10 0.96 0.90
1% M« 1.42 1.41 1.20 1.16 0.96 0.85
,,,,,,,,, b= 1.28 1.25 1.05 1.09  0.92 0.85
A o< 1.49 1.45 1.20 1.10 1.14 1.09
(kg/dmm 3% A& 1.42 1.27 1.17 0.97 1.02 0.91
$) 2p 1.28 1.28 1.09 0.91 0.80 | 0.85
ul&  1.49 1.41 1.25 1.05 0.80 0.82
B M 1.42 1.37 1.17 0.98 0.72 0.85
I} 1.28 1.27 1.12 0.82 0.69 0.75
n| 2 0 0.32 0.41 1.04 1.69 1.82
1% H< 0 0.37 0.35 0.71 1.18 1.90
s 0 0.35 0.42 0.89 1.50 2.00
I o)< 0 0.32 0.86 1.94 2.65 4.38
Oy ¥ A 0 0.72 1.14 2.75 3.93 3.56
,,,,,,,,,,,,,, 2 0 0.36  0.63 1.53 1.82 2.46
o % 0 0.34 0.36 0.61 1.07 1.16
bu  H < 0 0.37 1.17 2.16 2.76 3.14
2} 0 0.36 0.53 1.43 1.92 2.85
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watal Abzte] zbH WA 0, 1xA2|FE AR 1204, 3= 90 A SeA e
= A% 60d Foll Zt7] WAEIglon FF4te] Hste] WA Eo] vha Wit

(F 3) =41 Y Apzpe] cazzdE 2 54

o w . %712t

T el 0 30 60 90 120 150

< 13.9 13.8 14.2 13.5 14.6 13.9

1% A<= 14.3 14.4 15.1 14.8 14.8 15.7
s 147 13.1 13.8 12.6 12.1 13.8

o< 13.9 14.3 14.3 14.1 14.0 15.0

(‘%EvB‘f—() % e 113 13.5 14.8 14.6 15.6 13.8

e 14,7 13.7 12.9 13.0 12.1 14.0

< 13.9 13.7 14.7 14.4 13.6 14.8

5 A< 14.3 14.1 15.6 14.9 13.8 15.1

2 14.7 13.8 12.7 12.9 13.5 13.6

o< 0.39 0.35 0.39 0.34 0.33 0.34

1% AH<  0.33 0.31 0.37 0.32 0.23 0.30
% 0.30 10.32 0.33 0.26 0.24 0.2l

Ab nj<  0.39 0.37 0.35 0.39 0.37 0.34

(#malic 3% A< 0.33 0.30 0.33 0.30 0.30 0.27
acid) g} 0,30 0.29  0.27 0.28 0.26 0.27

o< 0.39 0.35 0.35 0.33 0.35 0.33

5% X<  0.33 0.33 0.32 0.31 0.25 0.25

< 0.30 0.28 0.24 0.24 0.24 0.21

o< 1.42 1.40 1.25 1.15 0.98 0.95

1% A= 1.42 1.43 1.21 1.24 1.06 0.98
o= 140 1.35 1,09 112 0.95  0.87

AT njs 1,42 1.43 1.30 1.32 1.10 1.09

(kg/dmm 3% A< 1.42 1.28 1.21 1.08 0.93 0.85
= 1400 1.25 113 0.96 1.02  0.85

o< 1,42 1.45 1.15 1.09 1.12 0.96

5% H<&  1.42 1.28 1.05 1.05 0.96 0.96

s 1.40 1.31 1.09 1.15 0.98 0.96

nj <& 0 0.31 0.48 1.30 2.78 2.86

1% A< 0 0.32 0.57 1.15 1.82 2.31
,,,,,,,,,,,,,,,, 50 0.36 0.27 10.41 0.87  0.93

sans o z}f 8 3.36 0.91 1.85 2.79 2.73

(2Sa0%) 2] < .56 1.28 2.42 3.99 6.34
s 0o 0.42 0.49 0.94 1.55 1.82

o] < 0 0.30 0.27 0.61 0.94 1.25

5% A< 0 0.71 1.27 1.98 2.40 2.88

2= 0 0.32 0.37 0.96 1.59 1.99
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¥H o2 &&Te WY 6,7.8)E FFTAY L 30Y B=o| vehid
peak?] Fel7b FAR3LA] grort AAUI|o] AL F/HE Hole BF¥o] Wk
th mebd AHEEE Fopt 2EAto|7t ARt AbZA|Y zpalofq ZhH dadol o
4 Uehdon S7EEE n&gatelA €0, Helo] Fuéglel ZH o] Hort

¥

8

8 B R B B 8

-
o

3
lon Laakaga(m&/sec)
&

[

intemal browening(accumulation%)

0
r

2 wstaa:wio:(dw;m 120 W0 180
3% 1. 374 AR AFS0EF 33 2. o] §&%F HIKw, 1x, 3F)
U URE

S
321
20
’\28'
=
E 2
§ -
kP
5 )
16
14 -

12 . — r 7 T 12 - : - - -

C 20 4 6 8 10 120 40 160 0 2 4 80 B0 100 120 140 160
Skorage periods(days) Storage periods(days)

T8 3 o2 &% U, I, FF). Id 4. ol §&F W00, 5%, FF)
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» ﬁl
N

2 .l —mﬂ /N
g 27 | —— ovemipe ik / \
82 26 -
gz,v gu‘

P’
B gm—

s
gw- = ®
E %1 e
£ 54 e

o : . . .
0- 0 B 4 6 68 10 120 140 160

Storage periods(days)

g 5. E=Aht Apze] A 1504 ¥ 3¥ 6. o] &Y W00, 1%, =4
5-2bE s} dde

lon leakage(mS/sac)
R
Ion ieakage{m&/sec)

[ 20 40 80 o0 1(;0 u'vo 140 160 0 20 40 80 80 W00 120 140 180
Storage periods(days) Storage perieds(days)

T3 7. o] &3 HIHW, I, =4 1Y 8. o2 §&FY UINC0, 5, =4

gzt Zrazy, Ydd2AL A=A G (5AM) Y F2E vlaste] Hd %
Az 9L 4% Tuze 2AE fAste WA I2H S A7 dF
I8 el 1008 RiF glon Wiy 242 thd AREo] SURT °
BFZE WEAL ot (33 11)

FA Azte] caxRE UF A w32 A5 9 ASTelA 0, FEIF 3 o]
3 o 30~60d A Foggsigen HAL AEx2 0, & AR Hez
old zHgzFo] §IFH =o] HHA FI1ZFo] ¥ FAE JEt WSl A
Ty /)5S A Lo o) Ex)sh= Polyphenol B} AZAvo] &)
3h= PPO(Polyphenol oxidase)®] 2pgof &jsie] frajgao] BAH o] Uehte 2o
2 374}

- 106 -



a7 9. AR(FA]) CAM AT Fatabsel 2R UH

39 10 ABHFA) Y AN HE AR 287

X100
T 11 AR el Wublaks 2 el Axldn AR
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3. A3 TR A AAE ol &3 Y A 2 773

‘98 AR A CAX Ao WA= R a2 Asahg sy 2F A%
60U (CO, 5%)~1209(CO, 1%) ZF dAstYc. mety & AJHolx= 45U3F A
2(0~2T)ollq HHE SHAAF CA F2EHE A 0, =t W52 U
F= FEEES 2ASHCL

Z719] 2] FA-of Histe] A dA e F CAx PRI AL FAL2 HEE 2F
Ztstdon Atz Z43ida FEs 2 20|t QIATHE 4).

(£ 4) 827 e BAEA

] o Az Al o] Ethanot
T (Bx) (kg/5mm @ ) (% MA) |-Z8](%) (ppm)
=R 7] 13.7 1.44 0. 36 25.6 0

CAX & 717+ e A3 7|7to] AIStHA HAA R ZAs= ZFold oLt
He|zte] T x|zt gl AtEE olde] HslY A2 £XE HAom A%
1654 (A Ael¥F 1209)F 243 astgdct. A=l €0, 527 &5
ate gl Are] zhaAgl FHelor} 00, 7xAE|FE WEZHel UAAEH
A7V FEHRAA LEIGTHE 5).

x,
oY
o8]
lo,
N,

(F5) Al 2 VT F A= A 4 54 d3
A 7 ()

R 5

e Al 45 75 105 135 165 195 225
Control 14.2 137 13.6 13.4 13.7 13.1 12.7
e o, 1% 14.2 14.2 143 14.2 13.3 14.1 13.5
o) 3% 14.2 143 145 13.2 13.3 12,6 13.0
5% 14.2 140 13.5 141 13.4 13.2 13.2
7% 14.2 142 140 13.7 13.9 12,4 12.4
Control 1.45 1.32 1.38 1.38 1.34 109 095
e 0, 1% 1.45 1.42 1.45 1.50 1.38 1.13 1.00
o= 3% 1.45 1.40 1.43 1.3 1.23 1.05 1.05

(kg/5mm ¢ )
5% 1.45 1.41 1.47 1.40 1.24 1.10 1.08
7% 1.45 1.40 1.43 1.32 1.21 1.03 1.00
Control 0.29 0.24 022 0.11 018 0.10 0.09
e o, 1% 0.2 0.24 022 0.16 0.16 0.12 0.15
S 3% 0.20 0.26 024 022 025 014 014

(% malic acid)
5% 0.20 0.29 029 018 0.25 0.15 0.12
7% 0.2 0.29 0.29 0.18 0.20 0.15 0.10
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A AH T ARINE ole8EU Wi FHs ULl T ZFe)
A of

&% ®ostgon Lﬂ—ﬂrz;ei | UERA ke 24

™
52

=2
2
k1
)
ot B dr lo I M

™ & 135%‘*11% 70.3%2] n° TR

- =
7 at7) A ) Al 1659 ol F 2A3] F71Stel 46.8%2) £HE Uehigle
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I318. A=Y ofgkE e 17 19 HH(%}‘?‘_ o A% 1504 F2F
(X% 90¥) I AE s

6. = ‘JAdde]’ CA AF x4 43

Tx g o AL A2AFo] vt AX 7F HYE YA st=d &
Hojolom Y2 C0, HEAME A2A Az & lo]& HolA] fdrh

aleld Xl A CA 5= €0, 5-7% 0, 2%T o]Alz}etse] H%Jl &
ZojlA matAl AxE el dct

(£ 8) cA A% z=A =2] £3 v (CAXF 60, A2A%30Y)
cA =R CO, C2H4 9= A= w3l
(%) (ml/kgs/h)y  (ul/g/h) (Bx) (kg/ $ 10mm) (%)
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A 3 A HAEZXAE MAAEY] system A} AL 1

A A

CA(Controlled Atmosphere) *]Z2 Z}a|5F2] AHa|dAS L3l AMSEEE &
3, HAE qA3ty, WHFY S A= AZUlgolth CANFL dF2
Kidd®} West7} WAsA] b3 Ql9ld o2 ZAH 7 71428 o3¢ A AHAe 7}
580l iy dFolA v READ, ZIlode ¥ 2ABIA ARV LS €S A%
A1717] $18 B2 o R G Eo] E4H 07 wWekslA EHArh

dutd oz CAXAduls CA AAAE A2 of, AFHA YeAFLe AL
A AR AAY D, 57 Aty 52 FEF FASH] AU FE2E 9
®HA el FET ATl CA ARAE B + s F7] &B/E HEG)

Zol Wastch A2H CA AL AT 7[AY JUEE 2ABLL YAENE
& thE C0; FTRA & B2 gasE A5 91 Awirt Ax"Hch. 2y o
THE AR Yo CA AFAIAEY Frl} Bgo] ojHr}

Arl, F7] 249 ZAE A% ARAY KA 7UY FAE HES= Zolth
Z7] Aduju] &g W37 i e B gasd] £EE&E HFolof sh=d, ol& 93t
o gas F&o] gAY HL3ItEolop . Ex, ¥l 2 AMY] YHE & F
olofok gtk CA AR duls Gt A2AR duldct a7te] duHlE 4 85h=t)
o|ZAZ AL RE 777t 4T FUAE & A, CA trIrY T F3E A
22 W ool thdt "‘“Evﬂ“'i«l ol Fuolls i Aol B &
ZEZo] Jlgol 2l U, &, &3 Beld oA A Hejol wE AL
o] H|ESA.

2 A= A AR AlARY] FU] U E @8 ¢ A BAAHY A2-kE Y
staat stdch CA AR HAVIE UE pilot2 2 A|ZBIY CA 32| 4
£8-& gdstaat sida, ZidE A, Ao ARRREY F2 ® Ao, CA ¥
T ¥ HANs T dde dFE £UsHA At AAFLE fHUTeR ddd
HBW FRE 22 A3, -3 F AY JIA /& A /A ductE A, AR
stod A ARG WAlE o] &3t WEYS FHIL, UF Mol HAL ToEH
AR5 Fo A& doE 2t AREY da W #3F &olstA sisich

o5 ol 18

- 116 -



o R U

1. A%
CA M Ysysten T HAY, YFT2E, IFIREE I8, 2 #EY
Azl 422" F2 MEE v} Yl

7l 9% A

A 4E cagy) A AP B, AR ZIAAT ductd] £HAREIIE %A
th 9% caye] Aol YHIHFEA 0.5m, H]F 6.5z/cn’) T | (urethane,
H]Z 0.02g/cn’) S ARMRSHE S, CA A B2 AAAL dFolE rin(H7 57cm) 2
AFHEE silicon, 2E|2E, UIH(FA 0.3mn)S AHE3taAch A ZIAIRFcE duct
o] £ ZAAXE ErlA(20%30X25cm)2}t floating ball(plastic, 15cm diameter)
S AHg3hedch

. sHy-T2E

B 71A Aehg duct®} AREC] A F floor, A W] TFE AT B
A, %Eié ANaglog Atk S 714 AltE ducte ZPETHFA Smm)
S AHESHASL, ductfloll FE wie FWH(FA 12m), HEH} FA YRR

urethane varmsh AF3HETE, 7] ductBE PVC pipes AFE3lGlT, SEZA A
4812 wly film(0.05mm thickness)& »}&3tgitt 53] 318 7|A] Agg F3A)
duct®] 52 & WxI8}7] 9Iste] CaClZ AHESHAAT

R

g3 T5os Pysiglon, S e TI(FA son)B ZHE(5cax 15cmx
3.5m)E A}&3tg T, 7]E5L steel angle(90° angled, F7] 5mm, Zo] 3m)E AH23}
ot

2. AgEwy

7h AL AF L Aol FA

CA A A8 HANRS,E ZAHS}I o|F on-line monitoring 3}7] £13] Ho| Az}

one-chip microprocessor® A AHAZA Ho]Ax]e} o] LA EAl programS H-
o7 MR AR5 Tt. controllerg} PCZEe] EA1L 2|3 RS232Ce] EAlubH
AH235l9tt. &% Al&E-2 sensor= thermistorE, HE A2 sensor= SY-HS

220-5 Abgstelnh Rl ductd] 4915 ZAS7] $l8] B(0.63 hp)2} floating

ballZ} check valveE x}&3}9ict

l° HE o
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Table 1. Specification of the controller and instrumentation

Item Specification
Controller CPU @ TMS73C161
Communication between controller Communication chip : MAX 232
and PC Communication method @ RS232C
Humidity sensor SY-HS 220
Temperature sensor Thermistor (7kQ)

CA storage system

Environment
Controll T J/ Variables
Environment
Controller

Monitoring

Host Computer

Fig. 1. Data acquisition and on-line monitoring system for CA storage

L. CAAZ5Le] dA

CA &3] z} B8-S CAD programq]l Paint Shop Pro. 5(Jasc Co. )& A3}
dA skt
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th CAXERS A B $¥ S £4

BF AT YA AYHL B A2 @ U FEo| BY FNENE 9
s CA A U, AR AR duct, SPE ZIAAT duct, HFLEE X 47
B3 A AR WY SEE ASRS BT

Aael @ &A% AtE 0 CA 27 He FAE 10z ed o7 g

TEE 5CE FA81aL CAY 87} W2 shd7] Hof oF 7]2& 3BTE 7EL

2 UE o, A AZMoMY o &Alo] 3000Wo|3tt EHlEE MHA JEL MASG
2 Fourier?] XA ] & o|5AlE AFRSIAT)

BUY thS FERE2] 9P A(1)E 283t

q=UA4t (D

U : overall heat transfer coefficient (W/m” - K)
A : surface area (m?)

X1, Xz, X3 . thickness (cm)

ki, kg, k3 : heat conductivity (W/m + K)

At : difference of temperature (TC)

TS 488 25 d&AHE&S H(2)E AHgstdch

At
Yo 1) Y31 Yy 73 (2)
kA, kyAy kyAs

q:

Aof 4]

1, I, 13, 4 ° radius of layers of the cylindrical wall (m)
ki, ks, ks © heat conductivity of composing materials (W/m - K)

Ay, Az, Asz @ log mean area (m“)
4t . temperature difference (TC)

- 119 -



2) 3HF- ZIAARRE ductol Mol 2 FW &&= ¢ IR JIAAY ducth Al =&
Ao mE AZIY FERHY A&l Stefand H (4] 3)& AHg3stict.

™ Rol;‘(pjxw‘zwfm) In z-z:f ©)
Ajof A
Xs— x . depth of water in bottom duct (cm)
A ¢ exposed area of water in bottom duct (cm®)

D, : diffusion coefficient of water (cm“/s)

R, : gas constant (cm’- atm/g mol - K)

P : atmospheric pressure {(kg/cm®)

P,, : saturated vapor pressure (kg/cm’)

P,, : vapor pressure of water surface (kg/cm®)
T : temperature (K)

M, : molecular weight of water

a_,]. i _1_;‘:
1. Ul cA A% 7l&e] £4

A Fufoll BFEo ARESIAL UE CAXAL] JEFREe YR RYe=w,
zt7], €O, FAA], A4 A7), €A F471, A% %73 gas wA7], 7t57] 9
HBHEA A A T XL At o]EX tiA] AYRT gase] FFWHel uwiet 2
Al static¥tAl 3} purgedAl o2 FLESIZ 9tk

el AAAA Zfedd dqd 845 thEa Zrl
AR, B 48T R gasd] 2AFE TRl 3, ©]& fAME JUAE /A
7t Fasich, x4, A% & FAld ey doyxE A 9%t L FBH
o] B Agto] FR|E o]0} 3, 53] v FxU} Fasich. Amj, AFAIA
o AE&A P st AN FHEL AREL] o, &7 Hed FRE
JbHof gtk Jlm|, MAILL] F7] f-Fo] U”3te %—-—911 B3 gas®| EXI}
AsHA F2H = U= TR A|&Fo] "t

olgigt Mdu] @AEE s F2 AHu|yt BASHA Hdow CA AZAIEL] Az}
dl-go] ZA 2FEG lojA dub H2A Aol v]sf irtelrt. CA AAie= 1

ol met thg s dolA FHdef o]= a2 gl

=

o |
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2. CAA A& AR JIA 2t YA AFaL A systen?] /A2

A cA Aol Aulet 2@ BAES AU dAsh o A3g AW S
wale) 4RI A systend Theel HAS HES TASHAC

7t. CA A% system?] 7|H xd7]&

CAx & systemoll A dAlolzla & £ Qe 7IA A HEE 5t J|A /&
& Ay = gle A JB5YY AYPAEAE LTt F, JFF Y o] dHT
Zol2 B Kol A Y F7] FEE& AWl WE5FY H N A5y JA
Hole ZAg FA xjct WA o g 1A J[UEE RRISIESE ot o] off Ho] A
of ’;‘:‘70‘51 Zlol= AUle] ZIAIGE MBI SE HF ¥t
12330] HHE 5Lt roll sheet® A Z}3lo] o] A HE& Ao s

=3t = JAY] fEE AY 4 =S Frh Fig. 2& TR 7]
2-& veh 2 Qlch

fl

A
fijo rﬂ
o
(o]

of
o

upper duct
1/:?
o
ambient air /f/; wall  CA room
(Po) 7 (Py)
7%,
7
7
7
. 4/@ A bottom duct
IR 7 e
00 07
) ///// 7 ////////
s s
% N NG
7 /////j%// A
A M o 555

Fig. 2. Hydraulic lock method for gas sealing
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U cA g3 W AR A&

N1Ze Agas 2B Fe7t PGl AY boxElol D, thEEo] WER o|Fo)
A oA 9dE Hl 2718 ANt esdey, of ssemlde Beg 9
24 ol3¥ Aolo] WAMS FASHE WL Potod A TG o] TER @
thoolelat 72H 2% A 71EE 54717 $Usto] roll sheetTE THILE,

TAAZE urethaned AHEStY FHE &L-_EH:‘-QE'V% UTR Hol FES] Al
Y UEF ¥ # oz}, RE=E ZSEA gt

th CA AR &3 91X UF Jle

Agael o, B3 welol odold, WUV ARTE AREL A o] oy
= first-in last-out®] W& =Y $yof Qg oL}, o] systemoA= QB Hd
| Z9l0] ¥AT AL 360" HAT + UTF sof A B AN AAPes

]

o

A HZol &olstar, AMFEL o, 8318 AHFHLE ¥ 4 UA=F AAYCL Fig
3& Lo ol mE E2] fAEEHE vehia gt
o i

b. New door position after

a. Original position of door . )
90° shifted

Fig. 3. Variation of door position at floating state of CA storage wall
@ Fluid of bottom duct @ Wall floated @ Food stack

. cA AU 37 #F B4
AP gas FIUNE

T pipeE AX|3l WaAlFo®
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3. CAXN A A 7| A ] AP HA systemd] V| EFZE

Fig. 45 CA A& 4 714 At LA A A A& tigt 712 dAx
olt}.

Fig. 4. Overall structure of gas tight rotating wall system by hydraulic lock
mechanism for CA storage
(D Cylindrical wall @ Bottom duct @ Door @ Roof & Floor
® Ventilation column @ Cooler Soil (@ Heater @ Gas supplier

A=Y H(Fig. 40-O)°] 48 3F 7IAAE YA duct(Fig. 4-@)ol & 4 2

3, ¢ Zole 4EY ¥ u|Fo] ulg} 35cmo] o|2A Fri HFH Y
S 7| xpth ducto] HiEtO B2 HE BARE Holl ductll oA oo wlgl ZFo]
7be3teE gith. Y4B HHe FYols HYUE(Fig. 4-0)2 ZAHIIES 3
A5y ¥ Aol AR VAR ductE XIS 3o} A B (Fig. 4-@)ol 3
" skirt7} 7)o A 4 A Tk

- Z)Axbet oA ducte] Q& Hol= #HI|FHE 7Rl floor(Fig. 4-0)F &
TE st MFE] oo AXHEE gt F& B pipe(Fig. 4-©)F T3] A
U] 7] =B/HE FHUPLE o|FofAEF 311, Y¥ZU|(Fig. 4-O@), 7147
(Fig. 4-©@), 873 7t FF71(Fig. 4-©)E B3] AZ 2ol FFH B gasd =

33t 53 & | FEF Pk

fr
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4. CA =] F=Ee] dA} A%
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) 34
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T o

AP 4% caye] dA 2 A7

A% 4% e dA

& H(rotating wall)2 #F2H A du] Fx2 4 7|AFE At A&
o] Al BFolth. A JIA & At A2EE Y 4EE ¥ &
g 5 AE FAEE u]Fo] FE3] Folof s, Wt TP E ZFolof
utetd H8% {2 vhat Zol dAsST

o202 H AT Alolo] £ 10cme] urethane TS F3lo] thaA
I A E ZFESE stoich

HEY weo] AR 15ene FRIIAMRE ATHE duct®E AASIATE AR 71A
& g ductih AA Y FolE LA FRAIBHI] $15t floating ball
2} check valveE AH&3lo] A o] XA system@ AT gAY =
o]+ ductifollA 10cmE |A|St=H sttt

I
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7 ¥E) A
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a. Side view
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b. Top view

Fig. 5. Structure and dimension of the cylindrical CA wall

@D Tin plate @ Urethane foam @ Aluminium supporting frame

CA €% ¥ 32 HAXE Fig. 58 Zrh o7i- £ + e uie} Zo] ¥
urethane© 2 2318t thdsta Afoles AR 7[AxIgt ductE Mx|3IEE 3ic).
Fig. 5-@2 FAJ] CAYE ¥ B L ¢35t HXA ¥ supporting frameo|:l, &
o] 20cm, A7 20cmq] cylinderB 08 A ste] frameF o] F7 T2 pipeol 7|9
AZE Flo] o]E FOE HF Hol HAY 4 oA AAsAC)

Table 2. Construction materials of the CA wall

Material Specification Quantity
Tin plate 6487.95 kg/m’ | 12mX2mx0.5%10m
Urethane foam 23.4 kg/m’ 1.22 n’
Bolts and Nuts 12¢, 12cmX 30
Water in upper duct 10 cm depth 656 £
Weight (without water in upper duct) 114 kg
Weight (with water in upper duct) 179 kg
Density (without water in upper duct) 86.39 kg/m’
Density (with water in upper duct 136,41 kg/m’
Soaking depth(without water in upper
duct) 17 cm
Soaking depth(with water in upper duct) 27 cm
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a, CA wall fabricated b. Upper liquid duct constructed
Fig. 6. Cylindrical CA wall fabricated with tin plate
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Table 3. Specification of CA wall fabricated

Item Specification Quality grade
Structural rigidity fair
Insulation of CA wall good
Structural homogeneity good
Weight of CA wall 215 kg fair (215 kg)
Density of CA wall 175 kg/m’ fair (175kg/m®
Depth of CA wall submerged 35 cm fair (35cm)

3) ARl o &4 4

CA e FA7de WS &Y 7 sty Hastx] ofx|qt stAvo= 2E
o] THFEE 2 AT AT AL FR7 HeHola ol F ¢ls W e
gzt Bty HastA "ol o] systemolA HF He Azl FAE 10mE PSS
wf, std7]12] BIFLEE 3BTt ol A7 FA|slob & 1) =& 5TE s}
o, EAlsls oAdBES Table 49} ¥t} Table 40jlA] & 4= 9l%o] 2515.73 kcal /h( @k
ki) el iAol dojubA Hrh gLt o] 32 AR TF ol wiAH AefollA
rhEH grolBR stETdle A= FFel ubet W2t Fsir depx A "l 3
HE e vtgx) FAE gl W2t I wkE 4shA Hoh

Table 4. Heat loss rate of the CA storage

Heat
Part of CA . . % Equation
¢ Area Variables required loss d
system use
7 (kcal/h)

rl: 100cm, r2: 100.05cm, r3: 109.95cm,
Cylindrical | 9.4n° | r4: 110cm, L: 150cm,  Kun plae: 0.155) 92.90 | Egn (2)

wall kinsulator: 0.000086, AT 30°C
Upper duct rl: 100cm, r2: 100.05cm, r3: 109.95cm,
(water 0.6m° | r4: 110cm, L: 10cm, k¢n plate: 0.155 102.76 | Eqn (2)
fl 1 led) kv;ater: O 0014, AT 30
L rl: 105cm, r2: 105.05cm, L: 10cm, kiin
Skirt 0. 65m" ' ’ ' ' 8.26| Eqn (2
“" " lolate: 0,155, AT: 30 220 an (2)
. | x1: 0.05cm x2: bem, x3: 0.05cm
Roof 3. 1n° ’ ' ' ' "1 76.71 | E
o0 . ksleel: 0155, kinsulamr: 0000085 an (1)
Bolt 0.67m°| Ax: 12cm, AT: 30, Ksweer: 0.155, 35.10 | Eqn (1)
Total 2515.73
rl, 12, 13, 14 : radius of layers of the cylindrical wall (m)

k : heat conductivity(cal/cm - sec - C)

L : length(cm)
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Fig. 7. Door sealing mechanism using rubber tubing of the CA storage
D Door (@ Tube frame 3 Door frame @ Air supplying tube (& Tube
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Fig. 8. The dimension of CA door

b. Door frame

a. Door

Fig. 9. Structure of CA door unit
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door door installed to wall

<3-D view> <Top view>
a. Closed state

<3-D view> <Top view>
b. Open state

Fig. 10. Opening and closing mechanism of CA door
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a. Door unit made of wood

b. Door unit covered with tin plate

Fig. 11. Door unit constructed
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Table 5. Specification of the construction materials for CA roof

Material ‘ Usage Specification
Insulated steel panel 1m X 3m X0, 05m
Steel angle column Roof supporting 90° angled, 5mmXx2.3m
Tin plate Gas sealing 6.6m X0, 15m X0, 5mm
Combining and fixing
Wood frame . 0.15m X 0. 05m X 3m
insulation steel panels
) diameter, 2.1m
Vinyl Water proof coating
thickness, 0.3cm
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<Top view>

<Side view>

Fig. 12. The structure of CA roof
(D Insulated steel panel @ VWood frame @) Steel column @ Gas-sealing skirt

a. Method of combining b. Skirt of roof
Fig. 13. Outlook of the fabricated CA roof
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Ventilation
holes .

Floor

<top view>

<top view>

Floor  Wall o5
\, Supporting |

<side view>

<side view>

a. Design of bottom duct

b. Floor installed to bottom duct
Fig. 14. Structure of the bottom duct and floor

Table 6. Specification of construction materials for the bottom duct and floor
Item Material
Bottom duct Steel panel(thickness 3mm)
Floor Wood panel (thickness 12mm)

A 2HH duct 7}
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a. Fabricated bottom duct

b. Installing floor to bottom duct

Fig. 15. Fabrication procedures of the bottom duct and floor
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Table 7. Effect of the exposed areas on the moisture diffusion rate

Rotating angle Exposed area of water Diffusion rate
0° Ocm® 0g/s
56, 25° 1531cn’ 5.76X10 ’g/s
5\\\\\
\\j a

(rotation exposed area of

water

lower
cover

<top view>

<top view>

<side view> <sgide view>
a. Closed state h. Full open state
(rotation angle «=0" ) (rotation angle @~ 56.25" )

Fig. 16. Humidity control system and mechanism of the CA room
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Fig. 17. Assembly procedure of the CA storage system
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Fig. 18. The assembly of the gas-tight rotating CA system
a. CA door Db. Cylindrical wall ¢, Roof d. Bottom duct

e. controller

2) CA A A system?] &9
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Fig. 19. The sank CA wall to provide air vent at upper wall
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a. right rotated(30° ) b. centered c. left rotated(45° )

Fig. 20. Variation of the door position by rotation of the wall
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Fig. 21.
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The flow chart of the operation program for the CA storage system
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Fig. 22. Time course change of Humidity in CA A
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= dxHe MR Aot 22 E AZY o, AL Fel 9
”4 2= E HYPo] THstA 3t F, LM A (thermistor, 7kQ)E o| &3l =& A

Fig. 23. Installation of thermometer probe for the data acquisition
T, : CA room, T; : Water in upper duct,

Ty : Water in bottom duct T4 . Ambient air

A A2 A Rae] Fd 5HE AFB] #I3) CA room, A ZIAARE duct
wi dA], kR 1AL ductu) oA, o) 4xjd el 2xE AEY A3be Fie 24
ot Zth Fig. 24 AL 79 2x9 9Fe] TEJ 6.5CTE BPE °lF
A AFE A H3te] 8212 B LEUHNE Uehfa 9ok 2% & W F
o] ¢} 11Ce|iL, CA roomf¥o] 2= WEte] £ o 5TUS & + 93, £ 2%
k2l peak delay7} of 2.5A1zt0] 9l&& o & At °]Z2 CA AT Ho| ¥4 &Y
& BRI Q&g bk AN ZIAMAE ducte} S JIAIART ducte] oS
SEx dldo] 7] wiFol 2=t Fo] IA] d&E ¢ £ Yrh

- 142 -



12
iE!
10
9
8 [ —e— T(ambient)
8 7 * —m—T(top duct)
g 6 —a— T(room)
‘9 i ‘ —xﬁ—T(bonom duct)u\
3
2
1
0
1

0 1 2 3 4 5 6 7 8
Time(hr)

Fig. 24. Time course change of temperature in CA room
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Fig. 25. Installation of thermometer probe for the room temperature control
Ti : CAroom1l, T2 : CA room 2, T3 : Inner surface of wall,

T4 @ Outer surface of wall, Ts : Ambient air
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Fig. 26. Time course change of temperature in CA room with setting temperature
at 20C
Tl : CAroom 1, T2 : CA room 2, T3 : Inner surface of wall,

T4 : OQuter surface of wall, T6 : Ambient air
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A 4" BAZE ARAH systen T4 AT I
A A

Zujoll Ax|® CA A 3= PURGE TYPE 2} STATIC TYPE o] F 277} x5 o] 9
o} #g  STATIC TYPE $132 Mx|E o] 2tist o SofA PURGE TYPE CA
SYSTEMo] A x|¥|31 9lth. PURGE TYPE CA SYSTEMo|gh Aataufe] tir] A28 243}
ol 0;,C0, o] F=ofl w2t N, 02 ,C0E FFUA Ao FFH TF PURGEA I &=
B}alo] 31 STATIC TYPE CA SYSTEME A Aol thr] H8g BMste] 0, ,C0; 9 %
Lo wet o, 0z ,C0: 5 FF Ex C0 FA7o €8 FT3HAA 0.5 A ASH= 44
ojth. o]2{3t CA SYSTEM®| cthf-£2 ofFate] oj&3te] AX|Elo] girh. Zujolx =
CA HASL A7} Ba3 MY wWalolgdrlel] ofd 4 ¢l HMoleta Az3ic). 4]
£5o] dAFo] @517 fsiME Aulol] oigt Fe olsfet @ E7L glojof
st=dl 22 573 dojagel EAZE Aste] Rl o] AR =HA| Qfx
AHgdel @R = QstALE ule FIALE QlEte] AL MH|AE wolof F=d] o
Atol7] uhZell A1H4, FAA QA Ewo] Ju3] wokch 53], A7 Foll Aulg
stap7h wAgshd 02 A¥ AL sTlelAlLE ARt ElFe] Mt}

Aol &M= CA Hul o] tiFEE FiEste] AlA'lo] T E o x| A A3
dule] Waol2tal ¥ g Sl Vi ATEM AR FellM 4¢lste] dx|E 2 9l
th A ol FAEES A3 AAEA] 43 gl]ef o[ A FEA Y Z
A3t AFE Bl FulollA Tt AHFEAFAE Este] wrt] RIY £ UEE 5
T Zo] Ao FHAo|crh

A% @ Py

YA AEEA] Aol ARR-E 0, C0; ANALYZER:= chamberifjol] 0, = 0 ~ 20% Hg|
U, C0: = 0~ 2% el 0.2% o]3}e] exIE ZHAEE Fu)E AFsigct. AR 0,
CO; ANALYZERE ©]-&3lo] 7t& AIEEA FAE Ao TEE sidS AzlsIdrt
sfd-& 0;, CO; ANALYZER CALIBRATION 3 SAMPLINGS & 4 9 EE Fo] gon, sy
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e F2H Analyzer Display® 8| H2& & 4 A=F =l glrh. =3I PURGE
TYPE CA SYSTEME &3}7] I3t =218 ydsteict. PURGE TYPE 7tA &4 &
2= chambertf®] 0, C0:8 e L&A A3 FI2 cAHoE EH I
chambertf®] ZAH 0, C0; =2 HAAH 0, CO; HE2 Hxjol 2J3] 3% chamber
2} 0, CO; Nz Sol V/VE TIME FACTORo|l 2Js] OPEN A]Z|m, 0z COs; N2 Sol V/ve]
TIME FACTORE $8717} AR 428 Q8 + Q= Hof gk,

8} Purge SOL V/Vi= 0, CO, Ny Sol V/V8} GEEo] HojEn 7tA xpE 24 =
x| A ZtgFo] RFHH EFE 0, C0; 7I2E FUStH AnalyzerE Calibrationd 3}iL
Qoo 2ABE TESH] sl BY AehE Boslel Ao} YnalFe 47
9 melgey

43 2 2%

1. B3zd A% de AR F2E 44

(2% 1] B3 =3 A% duje] 71 A28

B2 23 AX dule 712 A2 9o I8 13 Zrh f19 AAR2 B
ZH A% Adu|e] PURGE TYPELZ dAEQlon o A4 919 Adu] F 7P o

1> oy
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BEol sha AF B4 g9 Tabsel QTia AZWCh A AF BY IHE 2
A 8oz 34 FHEd R Hasl ta 2E 4 A sidelw, F szt 7t
o A5 EA ZA e Mo ZEagolrh,
2. 7t& 2 B4 #XY 314

7}. 02 ,CO02 ANALYZER : ServomexA} SERVOMEX 1440C

(X 1) 02 ,C02 ANALYZER 7

{tem 0, CO,
Performance Measurement | Paramagnetic Transducer 1520 Infrared Transducer
Output Range 0~ 20% 0~ 20%
Linearity Error = 0.1% 02 1% of selected range
< 10 seconds

Response Time

2.5s at 200ml/min

Sample flow effect

< 0.1% of reading for 50
to 200 ml/min

3% of reading for 50 to
200ml /min

Ambient Pressure range

80 ~ 110kPaa

90 ~110kPaa

Relative Humidity

0 ~ 90% non-condensing

0 ~ 90% non-condensing

Storage Temperature
-20 to 70° C -20 to 70° C
range
Case Rating IP 20 (IEC) IP 20 (IEC)

L Aol§ TEEY

[23 2] Alo]& ZEE 7 (ASIC/2-7040)
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Hlo]-g ZEZe L 02 ,002 ANALYZERS] =

otx ZtF HAPHES Ao st ZEEoIH JlA 25 Bz

JEE

T ul 2
= 925

= Aol £J3t vlolHE
BEE Aole

L

9
ZEgeold AolHTh T sta AE B4 P Aol e Tz of

ZEIE MYshe Zlolrh

O .
el e

)

i L . - .
| xEx]x¢xerxi:xrxgx XOE R BB froe ¢ RORUE RS oy ' i ‘.‘,

[ 4] 712 2 &4 32 ZEE 5id
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chambertj] 2] 02, CO2 =
2% U 4 oon, £g MZY B Bl FEOE 02,002 $EE F3

e} AA
T}, 02, C02 ANALYZER®] Z7]& el Calibrationg $£|3} Calibration Holeo] wtEo]#]
D 25

913 sid Wlel ¥atg

=5 A ¥ 4 gk

(3 2) CA SYSTEM #AJo] EJE

S INPUT 1 OUTPUT
I Chamber O, 1 CHAMBER Analyzer IN, OUT Sol V/V
2 Chamber CO» &= 2 CO» Header Sol V/V

| 3 Chamber &1 3 N: Header Sol V/V |
4 Chamber 12 4 O: Header Sol V/V
D 5 Purge Sol V/V

ob. A=pH
02 ,C02 ANALYZER H=pH
ul. VACCUM PUMP
chambert] 2] 7}AZ 02 ,C02 ANALYZERZ R

1]
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3. 7t& Abs &4 A =23 Ay
7t 7ha AE B B Fas) 2%

02, C0Z analyzer’s 4918 A8 T Unix] ¥x] @ Zode 2 s
+stAN Farsto] JBWom T MY Al ol (& 3)3 Tk,

N R R
H 3=
=

e TR R EBYES]
1 0z , 0, ANALYZER FyE
2 Aolg ZEEH ey
3 2Eg v =2
1 Bapa EvT
5 VACCUM PUMP Zab
6 Th A BgA Aol T =

U kA A% 24 A Aol T2 SHE A4

S¥STEM RUN-

CHAMBEFR 02,003
AE F71 44
AE AL 44

(02 ¥ -02 4FFE)- . ol co2 g2 - co2 49 F
AL - sy A3 -
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t}. PURGE TYPE CA SYSTEME F&3}7] I8 =g 24

1) chamberif2] 02, C028] 5+ ELA7F AT FI2 XA L8 &F.

2) chamberife] &AH 02, €02 =52 MAH 02, €02 H52] Hxlo] 2j3)] 3}
t} chamber®] 02, €02, N2, Sol V/VE TIME FACTORo| 2]3l OPEN A|Z].

3) 02, C02, N2, Sol V/V&] TIME FACTOR: 2-8=x}7} AASt +£x1& Y.

4) Purge SOL V/Vi 02, C02, N2, Sol V/Ve} diZElo] o],

2 7ha AFRAPR Aol 33

{ ——

. . . }
‘ e Ho@F 4 DIx: ADDR : 3210

T i T g C I T-7T T Y7 T.7T T 0 T g T

(13 8] 7tx AEENEA Aol27 |
. ta AE BAA 840 A A7

2] cA A Aul= 271x] TYPE(STATIC TYPE, PURGE TYPE)S. & 2% gl &
7ol CA A AU E AZSIH oW TYPEY] CA ARAAARSORE HAAY AJXNE Z
AstA "k AR AulE 313x} S HItelA & dF4olx] sE¥t PURGE TYPE
ta A% BEMAXE AAvle]l AAFHW CA SYSTEME Fg3He FH|(AIR
COMPRESSOR, A Auhaizbx] AIR TANK, N2 TANK, )& AAsIA H 712 =25 £4%
2= PURGE TYPEL.Z /U= 47| wiEol A4 H-g4te] HEgt ZAEL AAHA 4
orom, o}z 7px] CA SYSTEMO| A% AjA¥lo]7] wfEo] &%A4del 3he-7t QlolA
g5t o3 el de A Hrh
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@74 DDC ADDR :

32103

L > 1

SYSTEM WIN

Siol¥F4 DDC ADDR :

32103

[2% 10] 7k AFEN AR Hoiz2 3
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i
¥

[2% 1] 7he AFENEA Aol=3 4

4. CA system 74 7]

CA A zpdulel 2-&3to] QlojA CA SYSTEMS] 4 @4 theat gk

[=2%! 12] AIR COMPRESSOR

= 1585 -



[Z28] 15] 7]-&—'?’—’5‘,’8X]LH./] 01]01 [Z28! 16] chamber2} AMA]7ZFe] ofjo] =3
] e U P w5

AR W B A

M
¥e

5. CA system %G A4]
7}. CA system SHA] EA=A
7t g EA X = CA AAdu[oA 713 523 Fujoln JtA 2E
M AR ot Ao]-§ TEEY 7T tiE7] wlEo] +93ts WA EIA}U}U} E}

2t mlgbA 7tA 2 A E JS53HA AFES| 7R = 9= A
287171 ol 2 Zrh
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2) CA ARdule ob Huzty du|rt ohlgt kA My E4FAE A Al
&3te Zlol7] wiiEel of7iAs 290 SAHE S AAIEA] € T

3) G CA AZAENE AL sttt B Brp #He PHS A A
@t SV AL A HIFHA &L sto] Ko} Ht AEFS
ALY = 9lE& Zo= FZHr)

. CA A7 dujol Aol 2] Ao Fe]

7tA 2HE B R olE A E Aozt TEEH T WREH] 9long Jia
2 BRI AE ZAEL Ao & sfofyt 2AT cA APyt "R
g 4 om CA AAdulolA T2 2|9 Alo] e A A3 otefe} Zrh
1) 02, C02 7}A2] dEe] FAMJef W 2418 XY
2) N2, 02, €02 A=xpH o] Alej
3) ollo] =P Ao AJel
4) chamberi o] 255 Ale]
5) Z}5 oflo] it raAitEl
6) HHE g=Fo] Aardd ] Ay
- gao] EE3shd 7|22 Ao}z of 3% (PURGE TYPE)

th ZA AHE EAEAN 2o NG

1) Aol darejFel A3 Fage] Fd
7t 2bs B A Y Aol dare]ES Z2aefm s} CA SYSTEMO ofdt &
3t ol3) & nig s Z2OE] glorg gt rrlE AFdletls
oj/gol glalem x4yt ogs Al TACAM 3 HUEAct

2) Aol FU=E He
7t 2HE 24X 7} chambertie] 02 , €02 7k FE-E EAst=de 02
,C02 AAM7L Wasirt o] WA chamberlo] F71E E43te] 02, C02 7}
28] 4EE& ZTEEF AXE HUFH ojuf AI= 4~20 ma2] A7
AER BUR7] el ofzte] eat= WA 4 olrh AMolM EAIF =
02 , C02 7kA8] 4% 3t FEF 7 AM3te= 02, C02 7h2o] J& g3t
2] 22HE Eole Zo] 7Y Fosicta 4zdrl
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2 o

CA Aol il F-EQ 7t& AFEARX e Fabs} AU f-euel cAa AP
o BFof oM 7P 3% FEoletr 2 4 Q. HrteA B {3 AHES)
7] He|gt Jta ENAAE PEEE 5L o] st AlFEden, JtA AHE
XM Ax]o] AMEE 0;, CO0; ANALYZER:= chamberufoll A 0, &= 0~20% H9, €0, =
0~2% HelollA 0.2% o|ste] X2 FHE= Au|E AFstact HABH 0, C0
ANALYZERE o] &3l 7tA A4 A& Aol & TEE 3 dE A2stdon sj
Jd& 0;, (0, ANALYZER CALIBRATION 3! SAMPLINGS & 4 UEE Fo] gz sid Ad
of ¥%¥ Analyzer Display® @l 558 o + A=F 3o glcl.

PURGE TYPE 7} 24 2|2 chamberu] 0, 0, 5= €271 HA% Fr8
Ex}H 08 ZH3N chamberife] EFH 0, C0; =2t AFH 0, CO; v=2 Hx}
ol 28] s% chamber?] 0, CO» Ny Sol V/VE TIME FACTORel| &3} OPEN A]7]t, O,
COz Nz Sol V/Ve] TIME FACTOR: -2-8€%171 A3 & YdY 4 U=F HAH
o] gltl.  Purge SOL V/Vi 0z COz Ng Sol V/Ve} dEEo] Aojxiy 3H ZEE
ol o5 dFZ A ST chamber§ FAIIEE Hol glon FA FI|= ALExte}
AES] 27 wiel ¥ & £ v E3 ARESIR] 9= chamberd] thsir = &
& 3R] %3 ThE chamber® dol7le 715& 7HX| 2 Qlth

ol AxE T3l /MUH Jtx AFEHAAE B3 sUtolA Hrl i Helgt
CA AZAIE EF3I7|E ulzgith

A&=d
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Bishop, D.J. 1984. Electronic monitoring and control of carbon dioxide and
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A 54 A4d]-& CA system 7Rt U HE3} AF

A A

A Aba ul 31 ojatdletAs FAO|A 2] CA (controlled atmosphere) * A2 gl 4t
B A7) Ao A A o2 Fifol = ofF Eustro] gl o}
Tl Z-e de ol &EHI AE AX wWyoltt. o AHEY AHA o] &I YUE
8 CA A& CA 24 WA AL U €08 =& Aolsts ol aket A
A A x]Z wlAl(nitrogen purge type)3} CO; E2F WFA1(CO, scrubbing type)?d] & &5
® B S AL ARD dolE A A5l 250l 213} 0 = 1)
of7|El =, o83t C0, m=2 HEHE C0, 7|2 FI/H 22 43 F (0, 557}
QY S2ol ol2W A4 HAE ARD Uel HUAA A 1) BIE LAE B
gt CO & wiEAIFI AL (B4 X3 W) AP W F71& 0 F271 &3 T34
#A 0, & F2 A ACO, T2 wA)gch T AP W 0, 558 AL F U4 =
A 0; BE2 EME FHIHA 0; =7 4B +F o5t AHstd o o F
o] FYshe W& A LSt ok whebd 7] olgdt cA 2 W
= AR W 7t 2 U8 £ 3 @A Z4F 51 71719 A Ao
A z70] FHo| & 7] A4 FAMZL £ Q¥

ol
X
N g

N> of o
2 N
i

4 32

>J£3i4£

2o
>,
o

4

W G o] ATBfREAS] (A ZZolM I o) Uol AHEe] TFL Zast
o) Mohs oYY A W Aol iAot Tl CA o] o) A HBe
@3

PR el hbe 2eRith A% & A% ABe| vEate] Wme

¢

L T S
w 2 oX oX &

2
r
o,

[
i
lo o

role &

o
it

2

p—}

0 Co: =2 HHE AAste T QUCZA A A% Ajde] dA U
°§% 213t oz A ¥R FEACE Tt 3 o]AbEREA CA 2ZolM 2]

T F3E At 23 ol ¥E3H= YA 02 FHE wiAl
J%‘EMOF st of3&o] gtk

SO A NP
=

o
N
1o o
3
oX
ﬂ-fo{)l

Foj x| A4 %‘?J Al *]7“‘«] ‘”‘I’_}f—:’-_ -‘?—]5}0‘1 ]—‘“1—1"] 7}"\ H*—1
Hoh Ty A %22 0.5 ¥iste H4 ¥ 720« N)E ¥

AR o7 Mo KA B9, AXY HAHEY TFo whE 0.8 &2 W €68 B4
o2 s AU 7t v G YeloA 2ol §AE Zo|ER HMEe siA
B 2] glo]lx CA 249 {71 7ty HAog Azt uleld B dFolME=
2] €08 B wiAIBIEA T2 Alzp 2P o] A A A F Uehbs TEY W oWl
Agadere]l WstE BEAste] CA Ao 9ol oyt 72 A5 E FRUY ok 7]
Z2] CA WAS Wl d&5F o Y JIAE A R eEH A 21
G2 3l= A u]-L22] CA system?] 7|2hE ¢]3t APS F33lch

i
)
ok
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A 2w oy
1. E37ls 9% 23 AN Az

Fig. 18] B & Alzst CA A% Aol o]&3lact. F, U5 4 7t2s) 5%
3719 o] AdAY &Y ZHE T Z(barostat tower)?] FI(H)E 2t 2z 7}
22] S A FAIAZ R oM metering valved R 2SI A9} F7|7F o
B HIEE EUFEE o224 dF w2 F UFsle T JIEE dEFHe=
st on, AaH EY vtas o] HHFE e A §715 #E3t ni&E
=& stdckFig. 1). o W AHFY &71& #F3t= ¥ 7128 42 barostat
tower?] £2](H)ol] &3l AAEHH 71A8] 742 bubble flow meterE o] &3] &3 3}
gt

Metering fat
Valve l

Mixed
Gas

OO |e
Baro état 3 @ 6%—i>

Tower —— Humidification Cold Chamber

77—

Fig. L 2% 7k~ 94 33 2 0 4% A% FA A=
2. CA A% F FA AN TF L olgN BHY 53

25kge] FA T (109 she FF4)E 5018 87lo] WST F 0, HE 1, o] T
U 7hAE A% FH(RE 6.5L/h)5t] 00014 HASHEA Y HA(Fig 12 A M)
b whz shx (Fig 18] B AW) 3 0 0 ¥ oJUA kA HEE gas
chromatography & ol &-3tel stk U TFF W YA YL £Y kA
S 8% 7127 0, W YA wE Aol 2¥E AT
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w

. R4 u3lo] WE cA 249 Xo| B

21e] AP ol &H Y FA] A 13kgE 20L &7]0l WUt A4 FtAE 2417
s Slé FAANA BIE AT AAAMN F£1, 2, 39 4% 2] 0 E HF '}L 3 7}
25 1 9 1.7L/he] §4202 A4 FF5tAA f¢Y H /& 7122 0, L C0; 55
*%g%(mmmwymw%-ﬂ%ﬁﬁ BAslgdc). #u]L) CA systemd] AIR3 g
Fig. 63} Zo] AA WAy & A2 ¥ 1,582 F2] A1z} JAE Fig. 58 Au|& CA
systen©. & CA A A3IAA CA 272 f%] o fo Al 4 WHEE ZFAFes &4
sttt

Az ¢ 2F
1. Au]§ CA system 7AW 1T A7

Fig. 2% Fig. 12 X & 0|43l A4 i T3 7}*3 A &7) ol ﬂ71
2 AN TR LS ARSI %°P A 27 W0, U Co; 5x2 NHE
3t AAE Bk AR &I2 FUHE Y 149 0, =& Fig 19 metermg
valveE ZAslo] A& 7jA] Al &) 1.1 & 3,12 dAslgdoen dBH 0, s== A%
717 BQF +0.1%2] B9l Wolld g o {AEES HIY 4 At Y Tk
20, 5= A9 278 E3 vl o) AAEH o]y T v &2 L} T
712 94 AP0 A AEHTL uwiEld HEQ A Ao Ayl glo] §4 %
oo cA 279 24 9 AV §x17} shsslgdct. W AR 1T F AR &7
U0, 55(FE 7129 0, 5529 5d)= 7Y 712 0 sEECH A AL =
Aol e BF 0.15% el tf7] XA E BF 0.21% @A FA=HAoH,
CO, S5+ 1% 0y, 3% 0, U 20.8%(F7])8] EY 7t12& f4 AAS o 4Z
0.29, 0.36 2 0.52% o]3}e] 4FolA AA 7|7 Z4 dES A&KHo=E
7r A3t el (Fig. 2).

7t z276] wE AR &7 U 0, 2 ol Al TEIF(C0, B
9] zlojoll A HIREHE ZAOT A, 0, FEI HE&EFTF 1‘;‘%8 A3E = BHFE
Room 1, 3% I 20.8%2 0, 5= ZANA AP 7|t F FA A} FE 2
Eere 7tz 0.61, 0.76, 1.31ml COx/kg/hE A& E o], z1 APA CA A AL AL
Ao wls) AL TEFL o 50% LA FE F22 Ueiyrt (Fig. 3).
e AR 77 2 FAY odd P Fr 271(20.8% 0)d = HA 7
72t g Bol A &HoE Zylsle AP Heott 1 9 3% 0, ZAAAME ulf
Wola], A Ata 2ol TEI GEo e Ao Ao e mHA A
2 2 UEeLYT}

~—
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1% O2 inflow
075 | 15

cO2 %
o
(@) ]

02 %

029 W N

3% O2 inflow

0.75 |ggBEEs 8Bt seesstee 3

0.25 M 1

0 100000 0erOus 5. (500301010 :00000! O

Co2%
02 %

1 _ 25
Air inflow

S0-0-0-0-00-00000900000009009 OO

CO2 %
o
N 9
A
o
02 %

1365 7 91113151719 21

| Storage weeks

Fig. 2. 1% 4 3%8] 0,& §she L 7148 5L/hY] f502 d% FUA7HA
Atz 2pde] cA HA F AFAL 0, W 0, =2 M3} (O 0 % in inlet
gas: @ 02 % in outlet gasi <> COz % in inlet gas: 4 CO; % in outlet gas).
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=
(@)

CO2 Production
(ml/ka/h)

05
O I | I
- - -
s 6 f\o |
O |
S< 4 |
a
= 3
c 3
c3
E‘ 2
5 %&W
0 e | | o

1 3 5 7 9 11 13 15 17 19 2A
Storage weeks

Fig. 3. 1% (), 3% (&) W 20.8% (O) 05§ §€F3l= A4 JIAE 6.5L/he] 7%
o2 A% FUAFIHEA CA A F Atz 7pAle] €0, W CHy A3Adske] W)

ZYtaE AR %ﬂhﬂ FINE AKHOE XAFHAFIHEA HAS Y uf
A &I €09 v & %)= A At C0; g™ (ri COz ml/kg/h =
IEF), A4 FA(y, kg e A 71 AAE AYst &3 (v, L), A
T s 23 7129 &(f: L/h) 5o 29 oste AR Mt ©, HF
€71 &3¢ 60xE AT A B¢ ALY vEE 1 ol 3t v = 0.667 WOIU}.
Z, c(%)={Total amount of CO»/{(v + f)}100 (1)
Total amount of C0; = vc/100 + rw (2)
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E}E}H c:{ 0.667wc/100 + wr/1000)/(0.667 w + f)}100 (3)
°olBE (3) FAE 01%5}“‘ 28 FH = ATT Y 712y F(HE &Y
o) <>n4 Azt A3H(Table )8 B, T 7h2 228 U9 3EFFo] u
% el C0; v =& %7‘“ FAGFE ZAUS o ¢ Ak A 12kgd
24 & 2019 %7]011 Ut 2AM T 7125 0.7, 1.0 &
o2 fUAAE W 1F F AF 87 | stx wEe) WilE
L0 EEL 747_} o 1.0+0.1, 0.8+0.1 T 0.4+0.1%8 {5t (3)8] =
Aol 2J3f o W= At fabstol.

l

-
~—

Table 1. A u] & CA systemol oj3) 12¢] AlZ} U A BA TY 7ha Lo

Respiration Rate CO.; concentration Mixed gas need
{COz ml/kg/h) (%) (L/h)
0.71 0.5 142
0.61 0.5 122
0.71 1.0 71
0.61 1.0 61
0.7L/h Flow rate 1L/h Flow rate | | 1.7L/h Flow rate |
5 5 -5
4 o4 4
N o~ [aV}
O @)
O3 83 o3
382 82 82

—_

0

[

Fig. 4. 1, 2, 3 2 4%2] 0,& #/3l= AL 7122 0.7, 1 9 1.7L/he] K508
A% FUMNTRA A3 B 4 ALY o ALY 00 L 0, FEL] o)
([J 0 % in inlet gas: M 0; % in outlet gas; CO; % in outflowing gas).

CA A A | Ao B9 AT Y 0o 3L Co, A3E Uy £
UEdl, ol @ gk WAlof 23t CA system(Fig. 5)o| A=
= WA 4 k. IH 0, FEE F
Foll 23] AR THFFL AUt Y JtA 29 0,
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%—‘-:-% A7t A ABE Hart k. FA HAH FS 1% 0. W 0.5% C0; 5
=& fAISHEA CA ARSI $3le La¥= EY JtAY 2 A 189
122L/hZE A Atx] = (Table 1), o] 8 &t X2 = porous fiber separator 4! 9]

AL URIIE o] 8 BF BAH Aito]l bt Helo S3tcl

LI

N2 Separator Cold Room
with O Analyser l
1

Air N2 + 02 Sgﬁggd

&) @) &)

Air Flow Rate L, |, [,
Compressor Controller CO CO OO

Fig. 5. Au]-§ CA Systen®] 7HRt%. & F7I2FE A& UAEVE ol &3sto] 4t
HiE i tao] dF 529 0t ERHEF 2P F o] A HAE UF
g&o0g AR ds ZTIY. o] o | JtAY §42 84U 1A F 0,

=, Y TEY U 2F7FHE 0 wxol s AYE.

2 dFoMEe F713d 7tx E43 #8740 1718 AF Aol Fule FAEE
WAoo @3sh= 7]E9 CA YAzt del CA 743 712 f4& 2H3ts
chegh e s cA 2P & 2443t ‘717} Aoz FAY £+ ASS
Zstgdrt. watA oy CA WAL FAFRY Ao HEHoR HE
o] Jte¥ ZAog ctE =4, Fig. 5¢ é}" CA system®] /o] 7t Zlo]
T T o] cA Al E AR HE THFY wiet 294 2o T}
202 AAY HLE 9slde o 2EY FHoA UWE ZFY T &9 £

A FHo] AyxEolop & FHojr},
2. A u]-& CA system?] HE&3E 93 A+
Fig. 63} Z'o] oxygen analyzer& 223t A4 w7 & A 2R £ 1,588 FA] A}

3} 24 Fig. 59) M8 CA system© S CA X ASHAA A CA systens] ¢34z}
e B ANE ZAFE BHsiglth ol wl, A Wl F2RY oxygen
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analyzert= AJ4tE|= A4 7tA F9 44 552 3 U 2Ast= o] &3S v
olu] g} 3-way solenoild valved AzaIgto oy Qo miz} AR 2o 44 25
EX3Y 4+ e E AT

—_—

; Oil Dust Filter Dust Filter Pressure
Air Compressor = Fiter = B — 0.01um b Regulator

O
Z 0 — Nitrogen Separator — Metering
o5 PPA 215 Valve
@ =
O

: 3-way : ) Metering ——— ]
Valve A PUMD oot Valve ™ S Oxygen Analyzer

/X J

SEIEI
MOl

Cold Room

Sealed Bag *

Fig. 6. A4 A7 A2z

Porous fiber separator “}2l1¢l Permea A}2] PPA 215 =™ 2] membraned o]
g5t WA WIS ARY A ML SEE AL SHA AYBE Tab, 29
Zow, olE Bof 1.5%2 H4E asts L4 Ak #U 4F BrYol
10kg/cn’@ w 2000L/he] Adato] shssict  whelx @ke] 34 (3)& o] &3] 7} CA
Z M Z PPA 215 B membrane 171% A A 7}53t paleks AFESh Tab, 33 e
o oleld A EY BALE o &It

oleltt Wz WATE ol8stod a + Uk Y SHAE LMY F402 A%
gAabstod 1,582 2] Atz 2pdE CA A3 o A FgAu) Co; @ O 7|7t A A
AT FAHE A 4 Ut &, Y JtA FY A4 EE 1.8%E 43
s12E whet 2.8%& HFSIAS wf, AFHU HA 0, ¥== 1.5 (2 - 8F) W 2.5%
(9-19F), C0; =& 0.2 - 0.4%2] HeE ¢HBA o2 [A3tPTHFig. 7).
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Table 2. Nitrogen Separator PPA215%] A 7}A AAat Lek

+UE71% AL 7IA S5 (%)

(kg/cm’ 99.5 99 98 97 96 95
5.6 500 700 1100 1400 1700 2100
6.3 600 800 1300 1600 2000 2400
7.0 700 1000 1500 1900 2400 2900
7.7 800 1200 1700 2200 2700 3200
8.4 900 1300 1900 2400 3000 3600
9.1 1000 1400 2100 2700 3300 4000
9.8 1100 1600 2300 3000 3700 4400

10.5 1200 1700 2500 3200 4000 4800

11.3 1300 1900 2700 3500 4300 5200

12.0 1400 2000 2900 3800 4700 5600

12.7 1600 2200 3200 4100 5000 6000

13.4 1700 2300 3400 4300 5400 6400

14.1 1800 2500 3600 4600 5700 6800

9] ok Zyjato] 10kg/cm’d uwf 2000L/he] AL 7}A (98.5% %) AL 7=

Table, 3. Nitrogen Separator 17J% A& 7l B8
3 L \3
0 « COZ % 1'1% 72"%)“’]')230
1 0.5 14.1
3 0.5 16.4
1 1 28.2
3 1 32.8

. T#=02

12 3 4 5 6 7 8 9 10 1t 12 13 14 15 16 17 18 19
HEY (F)

Fig. 7. ¥ Atz} ztade] Aul-& CA systemof 23t CA A% F
0, 4 CO; = W
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e

Fig. 8. F=x] A}2t 2pd o] Au]-§ CA systemo] 23t CA A% F
R b e dlg

2500

Q 2000 — A
tH 1500 - :
0o \
g 0 =
P \l/ \+g\j
m wo - e T
00 W < & 4 -
0 20 40 0 80 100 120 140
g

Fig. 9. ¥ Alz} 24de] #u]& CA systemo] oJT CA 4 g &
24} olske wet s

FA Atz T2 CA Aol whE A Al wigo] ¥ Ao YA 9lon
S8 Ui 2] wgo] ZAAl "k 2 AYME o2yt Uy ZhHe) whajo]
gejglom A% 40U F of swoll M A J12e] Azjel B wlgo] Zrpste A
T 1409 Foll= oF 25%8] ol iR ZhH Fato] UrluktHFig. 8). ol ggt i
A UBE A2 o't EE ol EYTSio| =] EF 3 WA Belo] Yk Ho
2 oeA glom 2 APME o]t ofvke k& ol EdYsto| 5o o]
Eoledl(Fig. 92} 10), ©]2|T o8l ®= oM ELYSIoIE ST Ao abs
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T #H3lo] wE Fzto] FEFH

70

250

=
[=)
_.b
o

w
(&)

Acetaldehyde
N
(o]

—
o

1=
&)

Fig. 10. 2] Az} 2hade] Au] g CA systemoll 2% CA H& %
A8 ol EYTslol = et W

80
° W
g 60—
550 : :
540 [—
S : |
W 30|~ : el R
UPY : |®#CAl -
10| - ' .
00
0 20 40 60 & 100 120 140
Ma

Fig. 11. F2| Atz 2bd o] Au]§ CA systemof 2] CA X% Z
#5e] B W
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150

130 : ‘ :'*
EA10 |
5?) g0 - 7%+LT\ _ -

A
70 - -
50
0 20 40 a0 80 100 120 140

xE

Fig. 12. ] Alz} 3pd o] An]-& CA systemo] 2J3 CA A F BE w3}

400

s
S

Malic Acid (mg/ml)
N
e)

o B e’
00
0 20 40 &0 80 100 120 140

Fig. 13. Fx] atz} 32l Au]& CA systemol 2|3t CA
% F A= W

o} o] Wstol QoA Ca AA AN M MY HA 2] 2 Aol F B
bedl(Fig, 113} 12), o= A34o] Zotel ca Agel 3t 2A Ui
ore Fa] 3pAle] QNE Bao] &3 e AU ey ca Al P Be
Aslel olx] waAE VY 4 AdrhFig. 13).

ol4te] ZzfolH B uwl, 2+ Aa EY 20} AjE A% Bl T Aulg
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CA system> A Y YS 2tFo] ARA Hgo| 7MY 202 TniHTh g
L B2 Ab 3t e] R CA Aol thE ufado] ol oFste] £ CA system®] -84
] 2+ 23 HlA o] 7}L—)-lo] glon, w}aa E system2 CA L4 o] H]| 2 A bAZ)S zl%oﬂ
thall H-&3he Zlo] freldtul, 53] AP f olusels w25 A RAUSE E
o ThAe a9 Fo] st B vFo] 8w, o]itdiehiof thgt o] 7t 2t
=0l H-&sh= Zo] feld Zojrth

2 o

T8 TtAE AGH R ittt AR o] FFHe T CA FH o] 23 FAH
Arka CA 2Z0A 2] Abzt S AATHE HES Bl ol Fx]e A
CA A A AHC 2] HE 7Hed & 2B T TFERI) oldd B LS SHS
gk 1, 3% % 20.8%2] 0; 5= ZANAM AH St F F2 JA BF T
22 0.61, 0.76, 1.3lml COx/kg/hZ Ar&EE|Qlom, 7]&2 CcA 24 Walz
e 7t 24 9 2bs 717] Ao Hule = °i°l CA 778 7t 7% =2
oz CA 22 24 A AT KAV 7ty ZoE N oHE A
E AH &2 MEL CA system2 2 80| 7}%%‘% A Fstglct.

w
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A A

obs(Allfum sativum L. )& W} (Liliaceae)?] T} £ thHRZE )z} A48
“a*’i‘— Mo, FFEF= delPol wet TRF 2 IAPog FEHE BH
b A Aol RFFEEBE Jho uhEste] o] B3 5~6Hol ¥
Fol2E §B77 ARS A% Aol WO 27U} nhel £UF A
o ERes FEE & 4 dtd FEEUlE TF Aol AskHn F
Elmislold o) A% % BRI} op|HEE Aol glo] F2T 20 of
Mann 5o o]3PH FHelule] 713 & 9L nXE= Q02 LE=EA 0T
JU 20Cold 2ol FAMEIE AR 5~15Tollx= Fdo] & Elz}
stadch olutel] MAF FH4L, EGAS U Fuid nAEY AEe=w
E3A3t7t dojdrh
o|9} Zo| & A7 AR AT AFe Wol FAHAAT AT uhsd
B FElZ A5 JHES At F2 Aoy {0 Y F1FHAY HlEf A
o] wE HIE §5F EAHS ] oyt dFE FFIE AMefolrt. uwhebd &
TAH MatnhsE CA, MA, A& W H2AFoR Ztzh 3702 A Astd A
P A U4 A2 §EATIEA U 9" THFELH PoldNY T e
ZAbsld R8712E 2 ARZAY UL f-3HE BAstaat shalch
gt Wytel] £33t ZulfaEN BT J1Eo mHEdte 5~6¥ol £Hsi=
Zuljuirt FRHE o] F lon, oldfe] ;A Fupxiul W Fupxiul Al A
247 8" u o] BEustes BA] Eukaful Fol Arh dute o] &2 5#/2
A2 9b Zm 7t glem &R/ Bo|3E AAshe 2Eol QoM of, &§F T
g2 W I JMEE £E, g, 4 ol de] AMEETh duke E}—’f‘— 2
Aol v o3t AR W {FF5F ool UT W HI) FoE =
Ast7t sttt oA £=F A, A W ¥ {FEZRPo ulet d¥E
glrh, oo wizp & AP oguie] MY 9 AFAF {FEL=ol WE F
EE B3 E5¥HE 4% st st

o o

X,

1
-

o]

ool oe O g o ook lo
3} o

A ode it B e m mg

Of
——

-

o ore oZ*. kv
x 14 0
rlr

M oX
_{

£
N

u{u*‘“

09, o“‘ A

WAt 4o
4 mx LJ

rE o
o
i
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A 2 Py
1. A% 2 ARF REZAo] B ukze FY 54 73

7h. NBAR

nhE2 Minisg £3F Folal el tfF(2and) S HU F 420
A ZATELE 2F 124 2/Y) Aestden, el Fof W JlEl HF A}
4 FHOT 96 HUAE AHM(FU4FTLEE )N weEl Adze A (Aluminium
phosphide) 2 1m% 3g& 24 TF5AelF AEBAEE AL

g, Aeue

CA(Controlled Atmosphere)*] %2 flow system A0 & 3604 AH|FHAAH
chamberol] 7}A ZXARXE F281Q 37, 0; 3%, CO; 5% No 92%2 8% A]7]7] -"rl%ll
uheg Bolaw REU] Skg¥ Wob At AATIAT AV x BB
T2 0; 15mé/min, CO; 25mé/min, N, 460m¢/min¥® R A3}l &% 0~1T, ’z}'tﬂg
70 ~75%0]] A A&ty MA(Modified Atmosphere)#] %2 0, 05mmLDPE(low density
polyethylene)HE (A7 170kg/ci, FH5E 9g/m’ - 24hr)oll 2kg® Yol A=t
712 Wgste] 2% 0~1To A AstAdrct

A2 W F2AYFL otsE kg¥ SEhAE FF3ARP Yol A2AFL 2%
0~1T, Hh&= 70+5%2] AFD U, F2ARALE % 20+5TC, HuEE 70+
seol AT FERAS AR 22 IAYY AP F YSREBS 2045T,
AL[HEE 2~3TCollA RoFF(simnulation)dtd on, A2AFL tXTZA A
Fol® ez T RASHAT

T 0 AL W A2RAA 12870l 4B npeg Y Uug A
Efoll A 1A 25t &71Uel F3H C0,E, CAAZAFoE 7A=EF coHzl
TS MAXES] AP HEW  FFH"™E 0 E A7 gas
chromatography(Varian 3400)% Z3#3lgc}l. A7) 0.5mlol] ETH CO
S active carbon(60/80mesh) 2 Z ZFH 2. 4mm(1D) x 2m(L)&] columnd A}
23193, 110ColA heliun® carrier gas(30mé - min')E 3} Thermal
conductivity detector(TCD)E ZHZE3d}o] 0,82 ml/kg - hr B FXI5ted LbE}
it

2) Wolg : olsd JHE MEE AHoZ ¥ vernier caliper o]&23}o leaf
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length / clove length® WME-&Z LUehjlc}

3) FHARES 271 FFol st #AyuH FAE HESE
il el 10708 nted 28] S ozt FujdHg WELE
ERf Tt

4) Z= ¢ 2E|gt el dwe] FUHEE EAEA ) (Texture analyzer,
Model TA.XT2, England)& ©o]&3}o] test speed 2mm/sec, probe diameter
4mm, W strain 50% Z{3lollA =St T,

-:‘

2. A % AFF FE2A0] B ulze] Aty 5y 7

o AEAE ® AUg 139 s 5
o e
) AAE Fu|dEe X EZ A enzymatic pyruvic acid e Z# : ®HA] total

pyruvic acid® obls 1% 10go] F/H< 50mé-E& Y3 blendingdle] 40TCoA 30&E 7
200rpn 2 AEF 4ToA 12000rpme 2 2083 PARSY A5UL oz
{Whatman #2)2} membrane filter(milipore 0.45mm)Z o{2}3}e] Sep-pak Cis
cartridge(Waters Inc. )& AAE F HPLC(Dionex-500)% ¥-3}¢i3, Columne
ICE-AS6  (9x250mm)S ©|-83}91 e, Suppressor= Anion-1CE MicroMembrane
suppressor, 2o 0.4mM heptafluorobutyric acid, postcolumn reagent: 5mN
tetrabutylammonium hydroxide, flow rate= 1ml - min_l, detector+= electro
conductivity detector& A}&35}2ITF Nonenzymatic pyruvic acid: allinase®@Xd-&
A= 717] 23} electronic ovenoll A 527t 7t A 2}3}d total pyruvic acid®} &
dgt v o g BXM3to] total pyruvic acidollA] nonenzymatic pyruvic acidZE Rk A
& enzymatic pyruvic acid® A3}t

2) #7714 ok AR 10gE 80%olhE 50mE F&Sl FHFZ 100me7tA] ¥

& enzymatic pyruvic acid?} FUE vl o g AA uw BEAMsloic),

g ¥ 54 total pyruvic acidBH EF 2 LI YHPe=
FZ& 2 AAZ F HPLC(Spectra-Physics)E EA3stgct EHZAL Colummd
Sugar-pak 1 (6.5X300mm)S o]&3lgl o, Lul= water(0.1uM Ca-EDTA), flow rate
= 0.5nl - min', 28] 3 detector: Refractive index detectorZ A}&3}4ic)

4) Fructose?| polymer@l total fructan® ¥ : At 3o 2]3} fructose?]
slero g H#H3grt & free sugarZAE $3 W o g F=&E3F o 5meof 0.7N
H:S0; 2me-& 7Fste] At ¥ 1027 7tgde & %’7—}'5]'0“1 0.7N NaOHZ F3} ¥ freld
2} Zro] HPLCE EA18F & total fructan RS T Alof 23] AlAysteict.

Total fructan= total fructose - {fructose + 1/2(sucrose) in free sugar}
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5) WHE mHeg AP U RELEUR 5094 Tpste] AL(4T)elA 5
7t BB F UNE 5HE A (Minolta chrona meter CR-200, Minolta Camera
Co.)& ©|§3}ef Hunter L, a, b systemolld H¥ldg & 4 g &A% (“-a ”
value) 2 Ueh)gich.

3. nhee] 3 9 AR ¥HdE B4 542 ARF vhed 459 74

7b mhee] BF 0 AR PNE FE54 s

LAY Athobes e ks ARE sl Ay ANel2 A u
& T &719 Rl 2144704 A2AIZ) vk, Aluminium phosphide® 4%
(3g/n’)Qd FZA e shelrh AU Roon temp. (#&), Subezero temp. (-2 T)
TLEISL CA0 3%, OO0 5%, 2 0T) A& AAst uhye] EANME AEstych

ERRa rEpUT

- Skin : 76.67 - Skin : 13.36
- Stem @ 85.76 - Stem : 21.46
- Clove @ 66.31 - Clove @ 65.73

<ol Aela i past >

. AT nhze] f5daT
<18 A|HF Sube-zero temp(-27C) W CAXE 8709 AAF Mitupszt diyobs
e REARE FUste] FAEN W F¥MsIINE ZABIACL REAE
otelist ol stact..

1) AB8AL - HERE(20+5C)

2) e - FEAA (40T, 19) —> B2RE(20£5¢C)

3) AAe7hd — 23] + 0.05mPELE — ASHF(3+0.5C)

flo tlo
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< nhsds AP 2 FESEEE 5082 S st A 2(4T)ollA 5¢
t Rt F owbAaEl .8 AIR}A (Minolta chroma meter CR-200, Minolta Camera
Co.)E ©|&3}o] Hunter L, a, b systemo]A SHUAAS & + Q&= =A% (“-a ”

ue)i L]-E]—LHO"C]-
3. ubiel B % A% W EY 543 A2F nisel S5y 73

b whel BF W A%

x|l Mitots -4 A1ER 55 AME2 stod AA HAAe|2 AR v}
LABTEA] A Z A7 T, Aluminium phosphide® 4¢]
o FZ5Ae] st A AUH-LE Room temp. (H38), Sube-zero temp. (-2 TC)

. C0p 5%, = 0T) A& drlste] npse FAUINE FESIATE

TR TR

- Skin : 76.67 - Skin @ 13,36

- Stem : 85.76 - Stem @ 21.46

- Clove : 66.31 - Clove : 65.73
oA AHelA] =&

% }\O]-—Q-E- R ES 1o AR
& otzfel Zoj ¢6§6}°Ait}.

1) A8 — 42/75(20+5T)

2) AE8MYE — FEAAMA0T, 1Y) — H2{E(20+5C)

3) AA8/MY — wlg] + 0.05mPEEE — = -&8E(3+0.5C)
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4. nhee] AL AFF vHuks AxA] YBst= W YAEY A

7h AlBAs 2 A

AR 2= ATl FARE WA elnhs( A
AefE-2 AHEStATh AR el g vt F d2elA 7
g[stod 57T MYk AR O 2 M= ARA LS & 2045T,
A2 22 0T, Augs 70+5xe] Aol AAsidct Tl A flow
system A0 F 360 £ stainless chamberd] 7}A SELEE 0, 15 wl/min, C0; 25 mé/min,
N, 460 mé/minE RATOTH F[HRAME 0 3% 00 %2 2|3, 5= 0~17T, Ay
&% 70452 MRt

17} 9 wbdol mlAlE e dohis] sls) 1ol Aguby F o] WAshe
AeAPU vheg UOR AEskTh WAEe Welnksi BRE A4 8w A

j 8

B ¥ =AU ZAshch

1) #olg W3}l dXz] A F oped] odHE HEE Hulgt ¥ vernier caliper& o|%
3}o] sprout length / clove lengthE WE&F vehfalc)
2) FRTAE 0 2I)e] Fo| tiste] dA T F TR FAE WESE IAstAch

—
3) Enzymatic pyruvic acid®tgf @ 2313} Zalgl whH S ol &35}ic]
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A3t AT FEL Sl w2 FAAs

. ARAR  FTHFYUL)E FUF FolYS Bel2) of(2enp7) S B
B % eolq ZABEOET 2527(1242/8) Helste] o] g3ty

. Aug

CA(Controlled Atmosphere)x &2 flow system WAl 0 & 0, 3% C0; 5% N,
R2%S FASH, 2= 0~1T, HhG=E 70~75%0] A Fsladct H2AZL 2
E 0~1T, Auld=E 70+£5%8 AZfo] A5t FEZRAS A Aubid
21zt 37§Y 2 64Y F ALHEL 2015C, HL{ELS 2~3CoM RYGE
(simulation)s}git},

A3 % g

L A% 2 AT SE2A0] B2 upise) Ao 54 7

THF Fd W Yol Az HAI AL nEe TEL +YF HY U KEX
ol A zAPSIGITE nhed AXEF ITFS £HF Aol AL 2 A& 60Y
#FE] F71str] A2t A% 90Usloll 35.52ml/kg/hr2 A43=d|(Table 1) o]
Al 714 f’“%l ElntE] 3 A go] AlZHE oAZY £ Qo). ol T ITFENS
Zbe nhs& CA, MA, AR & 79 cAx o] A 904714 8.34ml/kg/hr2 3.
< 713 %%711 AL £ AN, MAMF E3F PEHE UEU o=} 6%Lh2]
g #AsIdeEZ ZFAA AAE ¥ 4+ dodeon, Az 11~
3.4ml/kg/hr4-2S &3}t

NPT FE7170F TFY HIE Fig 13 2ot A28FdA nise 35
2 X2 Wzt whel FI18H7] Alzste] A AR ntse 4% 309#), cA o
AR ohee 78 50dxld F5dLE Ueldon, A¥F 385 ZU1E
Bad A2AZAAA o2 *‘z}’iif?-i Zaste] st glo] dBFES A%
grh olet Zo] MAF HRFRANAM A U MAH AN nlo] T F] Absa]
717 =2 A2 ARE TF A o3 depHzle] x| daE uitkE ot A
F ALRTINNF TFS AERBEL U2 £322 fAYeH §F 60YA] &
7hele G4E UEE, TF ASsA7E AHE xlolE Rolx] okojr).

o
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Table 1. Changes in respiration rate of garlic bulbs during the various storages

Storage methods

1)

Storage period (Days)

0 30 60 90
Respiration rate (CO;ml/kg - hr)
CA 20.27 9.22 7.42 8.34
LT 11.43 11.14 13.04
RT 20. 33 24.73 35.52
€0, concentration in PE 0.05mm film packing(%)
MA 6.33 6.45 6.91

Y cA 1 Controlled atmosphere storage (0; 3%, €0, 5% at 0~1T)

MA : Modified atmosphere storage (0.05mm PE film packing at 0~1T)

LT : Low temperature storage (Temp. 0~1C, RH 7015%)

RT : Room temperature storage (Temp. 2057, RH 70£5

Fig. 1.

Respiration rate (CO2 ml/kg-hr)

100

80

60

40

20

0
100

80

60

40

20

A

T
1

T T T 1 T T T T ] T T T T
5 10 20 30 40 50 60 70 80 90 100110120

Marketing period(Days)

Changes in respiration rate of garlic during marketing

at room(A) and low temperature(B) after 3months of
CA, MA, LT and RT storage.
CA,

% Abbreviation are described in the Table. 1

-l- : MA, -A-: LT, -O- 0 RT
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. =t 54

nhee] 835 ®:He FAHEES s WoldAE AF2Ae wal XA
Azbe Fig. 29 2otk A% 604 42 9 AA oA FAHTL F7HE UL
U 3EAA 2zt e A @ AR As A 90d7tx] wotgol A HAH
gl webd nhse] cA W MAX RS wlold g dAsted EHt o= A
g olch

HAE HEHEF WotsS ARV|NFTY Wold Bl AAHEIIE U™l CA I MA
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Fig. 2. Changes in sprouting rate of garlic during the storages.
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% Abbreviation are described in the Table, 1
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Fig. 5. Changes in weight loss of garlic during marketing at room(A) and

low temperature(B) after 3months of CA, MA, LT and RT storage.
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Table., 2. Changes in hardness of garlic bulbs during the storages

Hardness (kg/¢4mm)

Storage -
ethods!? Storage period (Days)

0 30 60 90
CA 2.33 2.38 2.33 2.24
MA 2.33 2.19 2.01 2.08
LT 2.33 2.38 2.17 1.96
RT 2.33 2.16 2.00 1.90

' Abbreviation are described in the Table 1.

ARF F2RFINE B W3 /5 3087iA] A E MAXZYE nhsol
2.0lkg @ 2.04kg& Liehded] AL 9 A2AAHUL vhed] 1.70kg ¥ 1. 65kgH Tl
£ 5 428 fAsdeH, HSRBANE AXNRND nhgol M B FES
A8}l ch(Table 3).

nh. siug

Az WE vhgel FIUAS A % ALAPeIE AF 90Uz A B

2] ohgrout A2A oA 8152 JH UL MAR A 2.065 UERRlch A

AT H2REE 3N £F 60Uol WAL vhio) 22052 74 ZEwl(Fig
o] PEHE wWhol o3 nke Xy FE2EF] wol #FF Fuld Zd

Hoz wietEglrh E CAXRE 13.3%2 T gkl ol CANAA 2o
APA) 7 Qo] oat Zlolm ofo mel CANEF REF FAY Hest

"gesirta st

Table. 3. Changes in hardness of garlic bulbs during marketing at room and low

temperature after 3months of CA, MA, LT and RT storage
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Storage Marketing period (Days)
methods"’ 0 30 60 90 120
Hardness (kg/(G4mm)
At room temperature (20+£5T)
CA 2.24 2.01 1.87 1.81 -
MA 2.08 2.04 1.75 1.89 -
LT 1.96 1.89 1.95 1.70 -
RT 1.90 1.87 1.98 1.65 -
At low temperature (2~37T)
CA 2.24 2.06 1.99 1.90 1.93
MA 2.08 2.03 1.89 1.68 1.51
LT 1.96 1.78 1.64 1.71 1.67
Yabbreviation are described in the Table 1.
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Fig. 6. Changes in decay rate of garlic during marketing

Marketing period (Days)

at room(A) and low temperature(B) after 3months of
CA, MA, LT and RT storage.
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Fig. 1. Changes in content of enzymatic pyruvic acid garlic
during the various storages.
-@- CA: 0; 3%, CO; 5% at 0~1T
-l- MA : 0.05mm PE film packing at 0~1T
-A- LT : Temp. 0~1TC, RH 70Xx5%
-~ RT ¢ Temp. 20£5C, RH 70£5%
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Fig. 2. Changes in enzymatic pyruvic acid content of garlic during
marketing at room(A) and low temperature(B) after 3months
of CA, MA, LT and RT storage.

-@- :CA, -lB-: MA, -a-: LT -O- 0 RT

* Abbreviation are described in the Fig, 1
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Fig. 3. Changes in fructan content of garlic during

the various storages.
-@- :CA, -IB-: MA, -aA-: LT, -O- 0 RT

% Abbreviation are described in the Fig.1
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Fig. 4. Changes in fructan content of garlic during marketing
at room(A) and low temperature(B) after 3months of
CA, MA, LT and RT storage.
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Table. 1. Changes in free sugar contents of garlic during the storages

Storage Storage period (Days)
methods "’ 0 30 60 90
Sucrose content (mg/g-FW)
CA 6.78 7.91 9.12 10.87
MA 6.78 7.08 13.42 13.53
LT 6.78 7.42 10.18 10.55
RT 6.78 6.25 7.58 8.38
Fructose content (mg/g-FW)
CA 0.89 4.82 4.65 4.86
MA 0.89 5.09 5.88 5.53
LT 0.89 3.52 4,27 5.58
RT 0.89 1.12 2.66 3.7

Y Abbreviation are described in the Fig.1
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Table. 2. Changes in free sugar contents of garlic during marketing

at room and low temperature after 3months of CA, MA, LT and RT storage

Storage Marketing period (Days)
methods'’ 0 30 60 90 120

At room temperature(20X5T)
Sucrose content(mg/g-FW)

CA 10.87 10.61 12.64 17.27 -
MA 13.53 13.70 14.53 15.04 -
LT 10.55 11.55 14.64 16.44 -
RT 8.38 12.15 13.24 12.74 -

Fructose content(mg/g-FW)

CA 4,86 4,98 4,86 7.02 -
MA 5.53 5.23 6.34 8.55 -
LT 5.58 6.03 6.47 6.87 -
RT 3.71 6.04 7.24 6. 54 -

At low temperature(2~3T)
Sucrose content(mg/g-FW)

CA 10.87 11.92 15.47 16. 84 15.65
MA 13.53 12.56 21.92 22.69 14.74
LT 10.55 16.39 20.05 21.64 18.06

Fructose content(mg/g-FW)

CA 4.86 5.62 6.29 8.02 9.76
MA 5.53 6.08 7.87 8.09 8.56
LT 5.58 7.10 7.20 7.96 8.64

' Abbreviation are described in the Fig.1

Uity o % /IS 2AolA ABe|thrte] F4HA TS Y T FY NAEA
1855 AR7I7re] Aol uwlel 2 fsFo] HAdte FFS viepdch 2y
o} 2] %%~w]ﬁ8cﬂﬂcadﬁ}mhcadﬂ}%i_ﬁ Hode=d AAzAE
BE AR 7HE F715te AAE Vel Citric acid¥derE w3 3 FHo] &
2 A2 W A2AFAAM TFo]l JAAH A 2 MMARRc F/HEES Zen 3
Z Al oA Z7}E Aol 7R ZitHTable 3). &L} malic acid¥are =234
oA F7HE =L Fon CA, MA gl A2 Zrtgre] FHlc)
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Table. 3. Changes in organic acid contents of garlic bulbs during the

various storages

Storage Storage period (Days)
methods '’ 0 30 60 90
Citric acid content (mg/g-FW)
CA 3.87 3.90 4,00 4.03
MA 3.87 3.78 4.08 4.01
LT 3.87 3.98 4.25 4.08
RT 3.87 4,05 4.42 4.29
Malic acid content (mg/g-FW)
CA 0.40 0.67 0.68 1.19
MA 0.40 1.08 1.58 1.62
LT 0.40 0.75 2.19 2.48
RT 0.40 0.49 0.89 1.58

U Abbreviation are described in the Fig.1
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Table. 4. Changes in organic acid contents of garlic bulbs during marketing at

room and low temperature after 3months of CA, MA, LT and RT storage

Storage Marketing period (Days)

methods'’ 0 30 60 90 120
At room temperature(20+5T)
Citric acid content(mg/g-FW)

CA 4.03 4.75 5.60 5.55 -
MA 4.01 4.90 5.40 5.40 -
LT 4.08 4.17 5.70 5.61 -
RT 4.29 4.67 5.02 4,37 -
Malic acid content(mg/g-FW)
CA 1.19 1.43 1.61 1.13 -
MA 1.62 1.42 1.38 0.94 -
LT 2.48 1.45 1.31 0.98 -
RT 1.58 1.50 1.35 0.89 -
At low temperature(2~3T)
Citric acid content(mg/g-FW)
CA 4.03 4.18 4.10 4.64 3.74
MA 4.01 3.50 3.28 3.58 3.17
LT 4.08 3.73 3.94 4.32 4.20
Malic acid content(mg/g-FW)
CA 1.19 2.57 3.29 3.30 3.72
MA 1.62 2.66 2.96 3.18 3.36
LT 2.48 2.66 3.56 4.17 4.27

" Abbreviation are described in the Fig.1
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Fig. 6. Changes in Hunter color "-a” value of crushed garlic on
five days at low temperature storage after crushing of
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Fig. 1. X-ray image of garlic at different storage conditions(After 8 months)
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Table 1. Quality comparison of 'Daeser’ garlic(sub-tropical type) at different
storage conditions
Stgrgge Wieight Sprouting En-pyruvic Greening of crushed
condi tions loss rate acid contents garlic after storage
(period) (%) (%)
Room temp.
10.24 93.23 Maintenance Non-green
(3months )
A
2.67 87.52 Green
(8months) i
cA™
3.65 69.60 Reduction Non-green
(8months)
Sube-zero temp. storage @ -2 T

" CA storage : 0, 3%, C0, 5%, 0C

Table 2. Quality comparison of 'Seosan’ garlic(traditional type for cool area)

at different storage conditions

cogdgt?o;sa g€ W?égzt Spggﬁélng En—gyruvic GreTnin§ of crushed
. N . i tents garlicafter storage
{(period) (%) (%) actd con
Room temp. ]
(3months ) 9.23 59.78 Maintenance Non-green
months
-2T ,
3.62 59. 66 Green
(8months)
CA
8 hs) 2. 41 33.70 Reduction Non-green
months

1) nbse 535 % AYHE 8Ad AT 42 455 F4Hs

A tiMots 9@ AP A NatAents S 7zt sl AY F A IolA
351 Fuks el 22 H2AEAT Aahe ok gk §% F gEwse
Fofol ot wigE WAAETle AY F AAEHAY ot Ho] v|FE st E 4F
& A= 23S Rolrhk & AP ofA ohed A9 2CAFUY 2 15
of ®obyt o2 =¥ om(Fig.8), CA AT ZoME 25 FZof wolrlze
2 ]Isto] EEE dAdstch(Fig. 3, 4). 53] thA nhse] Z-9 caxzet zio] 4
2 FEAZ B AFE oyl mEEAlE GUAY Ul Ho] FAEEE A
& Holz & EE 4 AAUrhFig.8). mhgolld A AMabaienfgolsEs -
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Table 3. Changes of sprouting rate(leaf length/clove length x 100) in garlic

cultivars at room temperature marketing conditions after 8 months in

different storages (%)
Storage Marketing Marketing period(weeks)
Cultivars
condition temp. (C) 0 1 2 3 4 5 6 7
-2T" 25%5 87.5 112.6
Daeser i
CcA™ “ 69.6 85.4 107.4
-2T “ 59.6 89.4 102.5
Seosan
CA N 38.6 38.7 40.94 48.0 53.1 63.8 64.3 66.4
Sube-zero temp. storage : -2 C,  CA storage : 0y 3%, CO, 5%, 0°C

Table 4.Changes of decay rate in garlic cultivars at room temperature marketing

conditions after 8 months in different storages (%)

Storage Marketing Marketing period(weeks)
Cultivars
condition temp. (C) 0 1 2 3 4 5 6 7
2T 25%£5 6.5 8.0
Daeser "
cA™ “ 7.5 11.5
27 “ 7.7 8.0
Seosan
CA “ 6.8 7.0 12.1 22.6 22.7 26.1 50.3

-2°C storage, CAstorage -2C storage CA storage
{ External > < Internal >
Fig. 8. Quality comparison of ’Daeser’ garlic{sub-tropical type) at room

temperature marketing conditions after 8 months in storages
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Table 5. Changes of Sprouting rate in garlic cultivars at room temperature

marketing conditions according to heat treatment after 8 months in

different storages (%)
Storage . A\ keting Marketing period(veeks)
Culthvars dition T2 p(c) 0 1 2 3 4 5 6 7
/time
-2C" 40C/24h  25%5 87.5111.2
Daeser -
CA ” “ 69.6 91.6 94.5100.1
2T " “ 59.6 75.6 77.2 79.8 80.5 81.9 82.2 83.2
Seosan
CA i “ 38.6 38.5 39.0 44.7 526 62.1 62.8 66.4
Sube-zero temp. storage : -2 C

™ CA storage : 0; 3%, COz 5%, 0C

Table 6. Changes of decay rate in garlic cultivars at room temperature

marketing conditions according to heat treatment after 8 months in

di fferent storages (%)
Heat . . .
) Storage Marketing Marketing period(weeks)
Cultivars . treatment N
condition i temp. (T) O 1 2 3 4 5 6 7
/time
-2 40C/24h 2515 6.5 8.0
Daeser . Y B
74 7.5 7.5 27.0
-2T " “ 6.7 7.7 7.4 83 97 9.8 100 12,0
Seosan

CA ! - 6.8 68 7.0 75 88 10.3 124 20.0
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Table 7. Changes of Sprouting rate in garlic cultivars at low temperature

marketing conditions according to peel and packing treatment after 8

months in different storages (%)

Storage Peel and Marketing Marketing period(days)
Cultivars - .

condition packing = temp.(C) 0 10 20 30 40 50

-2¢C” Peel 2+0.5 87.5 91.3 118.1
Daeser " . “

CA 69.6 69.4 725 8.6 89.9 92.8

-2T " “ 59.6 67.7 79.6 82.0 82.4 88.9
Seosan

CA i “ 38.6 382 439 459 53.7 58.2

Sube-zero temp. storage : -2 C,  CA storage : 02 3%, CO; 5%, 0C
" 0.05mmPE film packing
Table 8. Changes of decay rate in garlic cultivars at low temperature marketing

conditions according to peel and packing treatment after 8 months in

different storages (%)
Storage Peel and Marketing Marketing period(days)
Cultivars - .
condition packing temp.(C) O 10 20 30 40 50
-2¢” Peel 2405 0 0 0 7.8
Daeser - R B
CA 0 0 0 2.0 13.8 60.0
-2T " “ 0 0 1.0 9.0 75.0
Seosan
“ 0 0 55 2.3 65.0
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Fig. 8. Peel and packing after 8months in different storages

2 J|Eo® sl 8/Y
7H= Table 9,102} 2t}

Table 9. Marketing periods of ‘Daeser’ garlic(sub-tropical type) at different
marketing conditions after 8 months in storages

Storage conditions

Marketing condition after storage

, RT' Heat treatment™ — RT  Peel + 0.05mmPE — LT
(period) v
(bulb) (bulb) (peel)
-2C  (8months) Non-marketable Non-marketable 10 days
CA  (8months) 1week 2weeks 30 days
Room temperature marketing : 20%=5T

" Low temperature marketing

* Heat treatment : 40C, 24h
0 3%£0.5C

Table 10, Marketing periods of 'Seosan’ garlic{traditional type for cool area)

at different marketing conditions after 8 months in storages

Storage conditions

Marketing condition after storage

) RT Heat treatment” — RT  Peel + 0.05mPE — LT
(period) (bulb) (bulb) (peel)

-2C  (8months) 1 week 5 weeks 40 days

CA  (8months) 2 weeks 4 weeks 30 days

- 203 -



4 uhzel AL AT whnks Az UASE SA ¥ By A

7t %5 L AT el uE HEu
FE(AR]) 9 A2 s7jd 7 AT F aRfubs g ARste] A2 RueiHA 2

Al Azt e FE(A]) 7 xjo|Rits sijnhs A2 nhed] Ayl 2A d%
2 wokh YUY WA WAS AL L o FolHE Al WS ook HeA 3
B nhgolAgt BolHog YAtk WAele WHY 4 olglch

- 1

g 1 3 3

L 2 A 2 a 2 A

@ A , A

5 9 A

©

o

Vw -4

5}

£

L

= 6

g 3 Varieties

o 7 2 A 1" Seosan’

a 1 A 2 ' Danyang'

§ 3 A 3 ' Namhae'

G

-9 T T T T T
Room Temp. Low Temp. CA

Room Temp. : 20+£5C, Low Temp, : 0C, CA: 0 3% CO; 5%(0TC)
Fig. 1. Formation of green pigment in crushed garlic from bulbs stored

for five months in three different conditions.
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Table 1. Effects of heat treatments before crushing for prevention of greening in
‘Namhae' cul tivar”

Temperature Treatnent Period (days)
() | 2 3 4 5 6 T
4 Non-green - - - - - -
3 Green Non-green - - - - -
K] (reen (reen Green Green Green Green \on-green

‘ "\amhae' garlic vwas stored under low temperature for five months before heat treatment.
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able 2, Changes of Hunter's color “-a” value® in crushed garlic after heat treatments

at three garlic cultivars stored in low temperature(0~1T) for five months

Treatment .
Period . Heat
temperature Cultivars Control
(T ) (Days) treatment
Namhae -6. 36 -2.42
40 1 Danyang -7.54 -2.49
7 Seosan -7.46 -3.72
Namhae -6.36 -3.17
35 3 Danyang -7.54 -2.44
Seosan -7.46 -3.26

"Hunter's color "-a” value was measured using samples stored in low temperature for five days
after crushing,

The range of initial Hunter's color “-a” value of the crushed garlic:-2.19 ~ -3.23.

olgt Zo] o] WAl 02 dAelol oaf WA Fe] Bo] ZAFHE Hoy
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Control Treated at 40C for 1 day
Fig. 2. Effect of heat treatment before crushing for prevention of greening

in crushed garlic.
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Control Treated at 407 for 1 day

Fig. 2. Effect of heat treatment before crushing for prevention of greening

in crushed garlic.
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Table 3. Sprouting rate and weight loss of garlic bulbs by heat treatments

t;i:i; Period Cultivars Sprouting rate * Weight loss
() {Days) Initial Heat treatment (%)
Namhae 86.0 97.1 4.00
40 1 Danyang 62.6 65.4 5,56
Seosan 57.4 63.5 5.07
Namhae 86.0 102.5 6.52
3 3 Danyang 62.6 85.0 7.9
Seosan 57.4 63.7 7.49

*Sprouting rate : Sprout length/ clove length x 100.

Table 4. Changes of enzymatic-pyruvic acid content in garlic bulbs as affected by heat

treatment
Treatment Enzymatic-pyruvic acid
Period . a1
temperature Cultivars content (mg -+ g -FW)
(C) (Days) Control Heat treatment
Namhae 6.68 6.47
40 1 Danyang 4.34 4.92
Seosan 4.35 4,07
Namhae 6.68 7.01
35 3 Danyang 4.34 4,97
Seosan 4.36 4.25

b ot Ul o ApPNd AAAEE Km0l mE EUus

Qute] HAF F5F TR LT pyruvic acid T8RS ZA}3F Az} cAx| Abet
BT KEF 2 Yol Ao, Y FEVUIIAE ALRBl 2 Yol 3
gt olol B T A7t Wesittn ueEgon, oule) g F=2

]
T

v

sucrose, glucose & fructoseZ A A AFE A2 lEnCl H28EA 1 ko
A W3lElgey ols XA ElE3lEel fructan®] #|-2Eszjo] 7|98 Aoy zhelE]

A F oo, FUANRL EIF ALGEoA] W
AHEREAA T 27}1%77}11 100%& %3}
=& ARBtEEd(E 2), AL2F% 1704 1)ol sprouting

:{o
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of S¥7kA Urhkon cAXA MY ST T, ALAPUR P 10w747] U
Wtk Azpgos ofmel A L ALARF KE2=E BUANelN IR U 4
EshgolA s CARE ARFolN Aol SuldEe dgton By
ste] vhy FHEIPe wshst Alstact

(F 1) &vp A%0E 37id A3F 5yl F488 (F52714)

. Enzymetic pyruvic -2 (mg/g-FW)
ackh &L acid (mg/g-Fw) Sucrose Glucose Fructose
CA e gE 0.79 10.01 24.53 26.69
& (20+5C) 0.94 11.75 24.94 23.78
CA A 0.69 15. 66 32.86 27.49
A& (2~37C) 0.75 16.77 30.35 28. 56

" CAR A0, @ 3% CO; @ 5%), A& A (2+0.5T)

(F 2) gupe] ARUHE 37id ARF A9l F48% (#52714)

. Hardness Z37tn g AL 3lg
AEEH AEd (kg/6 4m) (%) (%)
CA Ale 0 1.45 5.90 81.13
A& (20£57C) 1.35 7.81 80.52
CA A2/ 1.84 3.70 100
A& (2~37C) 1.98 4,24 100

L gu Far o APHE 6/4UART FE2 e wE FAW

671 MAF 2 W A2RAAAN 5 € B¢ AN Gute AAAR
ufof] u|sf] =holg wl Fakzb4s %— EZRAWF7E A9 3 enzymatic pyruvic acid¥ae
Rarth FEWRDOIE ALRE 100 ol 04 % ALY BT Fupiael A%
on, HLIHBME 308R ol CAR AL 15.79%, A4 AL 19.99%2] Hrj&g 1}
EbUiTE

(X 3) HAhIE 671 AT A4=2(2052T) 104 554 oo 4

(o]
=] = zaNs AT H3)-& wHol& Pyruvic acid el
WA (%) (kg) (%) (%) (mg/g-FW) (ml/kg. hr)
CA 5.35 1.80 23.83 54,14 0.59 28.92
A 2 3. 47 1.70 27.28  63.43 0.77 12.60
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(E 4) A3 HE 6719 AFF #2(120.5T) 304 RFEA F=e F3

| %} sH4L FA = Hul€& WPol& Pyruvic acid IEFH

Ak (%) (kg) (%) (%) (mg/g-FW) (ml/kg. hr)

CA 10.95 1.78  15.79 52. 89 0.52 5.32

]2 14.02 1.69 19.99 65.15 0.62 4.70
2 o

L A% L AFF FF2A BE nise 2 54 74

& A= vhed £8F A5Y WIE I8 A% L FE52AE 2] 4

¢ 71ZATE AsubsE A, M, AL U HRAPLE A7 3AUN HgsEa
23 AHE 4 U Aol FEAIWA FYURE 2T nHe £HT
WA A AT TF 4502 FHElY A7E BT 4 Ak A

B7IE CA WO MARES A2 W A2AFo] vl TF, FHPL W Yol&& 7
Moz A £ glgloen, I} FEfA] W FuUAdE Aot

BT FERHEITAE CA d MAZR npgo] 42 U ALAZAUL izl
B3] S5 BsAl7l W sdolgo] AdHe AAE UEtWa, % 9 Zx=usst
Aovh Iy Faidde 2 @ MARYYE nhso] goton, CAXANY nis
oM dF AHAYE Ho| 750 MMy "edol aHArh EF AT A
SHEST TFS ARYEE 2 Aol glol WA RAFHUL Wolg, Fx, &
o FERFolA e Wt CAX A nhsolA Holch

2. A¢ % AFF FEZA0] U npze] ety =4 79

oo 3P QB BdWHIE TEshy] $18] cA, MA, AL W Aol 7
Z} 370 A AShEA EI AR "‘{’: W A 2o FFAFIHA  enzymatic
pyruvic acid, fructan F2|@ 9 §7]4t =T opsg I3t WRRE ] wbAlE=
= 5& RApstelch

XS Enzymatic pyruvic acid®r®l A& W ALA oM A% 9047tz F7}
stedett cA W MAA oM 2318 astHon, fructan$arE A2 Aol 7t



A7F A5, CA W MAA AL ZHAE XAt feld-E F 2 sucrose?} fructoseo]
o A7 2HE O gakel FUistdedl A2ARAME 2 FUHgo]l Ak /74t
L 22 citric acid®} malic acid@om, citric acidE A2 W A2 3o A,
malic acid: A& Ao Friare] wofth mpafizt okl SH2 A7 90|
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A A USR] atrt
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Sucrose % fructose¥er& FEZ ZUlstgded AL o] AL&RFHt I I
o] oo citric acideE A2FFoAl, malic acide= Z‘li BofA] A Zuiy @
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AR A R ALARE A A% o} ARF FEF YA
7. oA W ALAEF F9AY

Atah 27PN FF ARYUE A= e A W ALY BFE AU
A S Aststglon ATAHYLS CAMPHTE A& et wgict b o] ekl
dolA= CA W AHIAHY FAZ BF FIHY FY¥E £+ dodvh A P A
AgolMe HagErt SusiAl Zastolont qbd A Ao olojA= CAx] Aol
Hlsl whEA ZHaste] CA A o] A FHct Fx W 4te] HFFA vf-e &Z2HH
ol Aoz velyc( 2y 1,2,3).

—— CA % 4l —&— CA
£ - L7 £ - LT
E o
£ | B
a ; o 13
2 a o<2;’//’:’
E o 12
= -]
i 2
(,O) 1"
1 10
0 15 30 0 15 30
Days after treatment Days after treatment
A B O I R % 2. At e Ay 9
X A7)l kg B Ewst Y717l whE dEHe
K s 120
—&— CA 100 —A— CA
el - LT
;\? 3 E 80
© i [ 60
i \ 3
z S e
20
1 0
[+ 15 30 0 15 30
Days after treatment Days after treatment
I3 3. Al 1176‘ e Il 33 4. AbpatAde] Ay W
A 712t wE Atz ) A 7| Zbol] whE o A3
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o] TEFS Aol ujEl FAgS BF ARVLF miy Hasiglon

3 Aole & + fddrh Y Aol F¥ste odHe URF2>

AeA g 7I€LR FALT BF LT FIIshs F¥olslen AL PR

A EAAo] CA ARt WAFFo] Wol CA A2 HIAFHRTE 2] odd U
A &2}l e Ae® UelucH Iy 4, 5).

20 300

250

COz(ml/kg/hr)
Weight loss{g)

[ 15 30 0 15 30
Days after treatment Days after treatment

a9 5. Abzbzbas A 2 3% 6. AR Al @
A H71700] w1 B FPH A7\l WE FL
}EztaE 4 W ALY BAsHE BYPolgort HeHHolH Zaste 3
£7} st ok AR SEO 7Y Ae2 FAAUCH I 6).

2712 )

N = g 5 30
Hunter "L CA A 64,24 64.83 65. 87
value A2 A 64.24 66.28 68.32
Hunter “a” CA A & -14.07 -10.24 -8.37
value 2|22 A -14.07 -12.72 -7.8
Hunter "b” CA A& 36.24 36.54 37.5
value 2 A 36.24 37.62 38.8

Aol o £ HHE B 918l Hunter valued FA il Mo wWiE
LFER = Hunter L Zhe A2 & o] CA A AHT} wrEA Z715lgon Mo e s
UER) S a 7t ¥ Hunter L value & v]5:3F 723 vehfglct ®bH Hunter b 3k
2 FAT BF H$ustA Frbste A¥oldch olaiy Mo wixE FUY o A
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A CAX R HEFH 7 Adste] 2] o] w2 A HT-E vep)a 9l
om AER0Z AAA Brl= CA X Ao| Al “A7ME ZTENT LA we &
27 9SS BoFEA QItHE 1).

B " FF AAHE FEo HIbe Anaada B2 FyeT A W A
A% BE AR7Ido] 24T Ao A2A L CAXAECTE A&}
kvt @] kel dlojds CA W H2AAY FAE EF FRHT AUYS B £ 9
At Atztabd o] AEAFF ate] A= o) wiEA] AT vbE wj3tAde] o)
oAM= CA U ARAAY BF ofzte]l 7hAFE Bl ¥o|drHIy 7, 8, 9).

25 15

—A~— CA g A CA
T LT g euT
= o 13
8 3
E ‘X :
[ ;g, 12
" 0 15 30 " 0 15 30
Days after treatment Days after treatment
HO7.uizbd el A A 2 3% 8. wizpd e Ay o
A7) whE BN @71t uhE FEst
15
—~&— CA —&— CA
@ LT @ LT
s Iz
= 8§ s
o 15 30 ° [\ 15 30
Days after treatment Days after treatment
ag 9. wjzhae) zw 2y o a8 10, whzhdel Ay 9
A 7|20l uhE AtE 3} 717kl whE ol dH 5}
Ao TEF2 AegAldl HlEH T AT 2R A 710F Z4ste F el
om At FHUIL xolE E 4 lodrh Al Azlo] Pt o] gy
 A2ATE JELE A BHL 2F astolon AN uAREe Apziziale)
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= Aol om A2 oA TiFo okct.

e o;EAL] M= Hunter valueE &3 om (13 12) A3 Azt
de] Ao 971§ UehlE Hunter L 742 CA W A XA oA BT Fg ZH3s
2 5 ot Ao AA=g et a g2 ot FUstke A¥old ot 1 A
= ojojgt £Eoldet, AR o wizpdE Atz de] Aol whE oty
Aol Wistol= W F¥E nAA] U= AoE BZHCHE 2).

350

CO2(ml/kg/hr)
o
Weight loss{g)

0 15 30 0 15 30

Days after treatment Days after treatment
7% 11, sz A Ay 2812, wizpa el A Ay d
1172}7]7‘011 uE 3EY 1175‘711}01] e FYRA
GE 2> wizpde] Ay 4 AR LE A=

4 = Ay ; R “
Hunter "L” CA =& 66. 89 66.23 65. 65
value =22 A 66. 89 63.27 63.72
Hunter "a” CA A A} 1.18 1.28 2.32
value Z] -2 ZE 1.18 0.87 1.94
Hunter “b” CA = 3} 38.07 38.14 38.09
value A 2.2 ZF 38.13 38.02 38.15

B2 EA” BE AN AEe] uste Al 2 wiact 2o Ago
= 0w ALAY BE AR7Idel AWsE Asjstdon e cax PR
Asts et walth wel wol dofdi (A W HeHY FAe EF FAL A
2 2 4 gtk o2 AAYF A LAt AT wEsA AYF
Zaste ARolgom HeAgel ca APHT wE pastTHIY 13, 14,

) THAle] ZEAE Helwale] uls) FHAT BF HI0F 2ashs Aeld
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o At FHI 2olE & 4 gt 2] Aste] J¥she ofdzle] whawk
& AHEAE 7IELE FAe BT piastdon *‘*ﬂ’-ﬂ‘ﬂ A wr 2 Apztabdof ]
st AAF] W2 fFolon AAFo= 3] nju|3t fFo|drH 1y 16, 17).
52 4e CA L AANAM 4= Fao|don AHEAR A ZaFo] &gt
TH 18 18).

de] oHuFEY W3 Hunter valueE EHZstPon At apdz} ] 2o
W75 LEhlE Hunter L Zh& CA 9 A2 ol BT T3 F3E B + ¢
th. Mo HAME=E Uehlie a & A4 FUke A¥olden HexFe A
Hr} wtEA F715hs F3oldth. TH Hunter b T A2 FIHT FHE B +
et AH oz IS CA M Fo] FE, At Tk, HNmo] {xlof F}H
A Zo g UElRTHE 3).

3.0 15

o‘,’,.‘_|

N
—A- CA £ —&—~ CA
—_ & LT ® -@— LT
E H
E 2.5 E
;‘ E 13
3 =
g o 12
£ -
[ E
e n
15 10
0 15 30 ] 15 30
Days after treatment Days after treatment
TR 13 ZEU ALY o 23 14 ZEae) Ay
%7 ol e B =Wt 710 wE geH
7 4
CA
- L7 —d— CA
- @ LT
;\? 6 E X
= ,_‘_\‘ £
2 ‘/\"\' £
¥ E
s T
= 5 S
0.0
4
0 15 30 0 15 30
Days after treatment Days after treatment
2% 15 2RIt xﬂw 2 216 TR Ay 9
A 3712k whE A= ) 771200l WE ol S 3}
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20 400

- LT 375 1 -~ LT

30 A\—A\_A
528 .\o\.

CO2(mb/kg/hr)
Weight loss(g}

Days after treatment Days after treatment

3% 17, ZEIAY A 2 a9 18 =3 A o
A7\ 2000 WE TEPAS 7|20 WE FRAL

o

CE B A Ad L AR712F A=

o A3 - e —
Hunter "L” A AR 26.11 26.35 26.33
value &A% 26.11 26.72 26.58
Hunter “a” CA A% 0.17 0.24 0.18
value A 22 A 0.17 0.25 0.70
Hunter "b” CA = & 0.10 0.08 0.11
value 2| & A 0.12 0.12 0.13

U, AR o B ALAFT FBYUE $AAs

AAFY AT FEHHe EE— CA HFE AH2{/E(C-L), CA AFF H2HF
(C-R), HLAAFT AXFH(L-L), AXAZF 42/B(L-R) &2 FEsIrh

A 1 {3yl wE /~M VR EFQ ZAEWIE C-L 9 C-RAE|F
7F L-L & L-RA 2] o] nlsle] A= Fxof] H}Holgom H2/FHETHE A2/TF
o] A=Ay}t $utseirt. wWel HakHzte A BT Yol ZA¥olden A
EI?JOﬂt F=g3 xjolE B glglen} L-Ro] W& ot ate] PHIE B2
He| oA yolxlE Auolgl o L-R, L-L, C-R, C-LAe|Fwo2 P37t wak
chH 23l 19, 20, 21).

¥ fn
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I o
5 s 250 —
100 240
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Days after treatment Days after treatment
a3 23 Abbdel A% 2 % T3 24 AlzAdel A% 2 5%
ol meE oz Wiol We Fuza

22T feubged whE A Wt n|X= P3E Hunter value® ZAlghat
Hunter a “value” 4! "b” value = §%Z& Z718l= ZAsko|gdon A& HUl= Ao
A B S AT MR Hunter "a” value: A 3}sle 7Z3kolgom AL
fFEollA A 2HFHETE whEA Aststalt. Atzpe] A2 A ZRThs Ad2oA wl
A Wstste] Aoz ue] HIF R A FHo| At o= R
UEISIEHE 4). & AT f5dol nhE Azt 2d 8] 483 A2 Brbe A
2o T BEst Astden £% 5 A ZAFE VIS o A A3 Fpdo] AR
A 2 Hrp A W A2/5F B8 fRlo ZaRolArt. AAH o= Atztz}
Ao FEFe FANM: F5d FHRAY AAEY of&y ALAFAILH]
de] FAFA i A olete AL HoiFs AAZE AZHLh

@~ CA-LT
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@ CALT
2 —A— CART g, @ LTLT
£ @ LTiT ;‘5, 6 —A— LT-RT
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3 ]
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i1 2 14
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a7 25 wizdel AR 9 £E o 26, W) AR W #E
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MR RSNl wE ) B FF ARt AT ALKTA
FEA 2ol vt FE fxlo] TAolgden AAFRTIE AN
BEAI7L Ssigt. Wo] st EE AuToM FHT 7
& gich Are] sbists AAWEE J2R3 Azl TN ol A

olglen HERFAEFLE A L2 -’:‘--’v‘—% By 25, 26, 27).

U7 el TEG WSlE Ak SARGE S de 4o8 wge
U AR R BE HelTold f5F S5 BPelglem B3] CR, LR A
A7k ARl WEOTH MBT FEF Lutzel sl TEl WS FBL
vjAe ZoT vehdrh oW wee] Wste THIPH uEY 2 golgirt

Z o A TEY U Y UL Aztada FEE clER G ARAE A2 G
5ol A2 W Chof AAE I ge2go] FE2E A
ojdol wiel Fste ZoE AzEdon T EaF w oYl v
BEt4et A dABF ASE Vel ETH oy 28, 29, 30)

CE 4> Az} “27bE"EZe] cA W ML AT SEWH wE Hunter value.

3% Az HElF 9
0 5 10 15 20 30
Htre. | CVAIBT ASRE 6587 7178 65.72  63.93  66.31 69.20
iy CANRE A23% 6587 71.42 671  68.0 - -
AEAYF ALRE  68.32 7246 70.3 682  69.5 713
W gexaw esE % me 72 53 - -
bt VBT AERE 837 795 924 (1134 -13.61 -12.80
. CAXAS MR8 -8.37 -12.3¢ -10.34  -8.68 - -
va?ue AT A2/E 780 -7.20 -7.10 -6.23 -10.20 -12.51
HEAYF 2R -7.80 -12.06 -11.21 -10.23 - -
bt | CIBF ASRE 375 401 39.04 3672 4123 45.23
o CAARF H2B85 375  43.30 42.04 4354 - -
e | AT ARE 388 453 4294 4273 4337 47.29

AL AF AF 0% 3838 4864 47.68  48.12 - -
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) Bl “SBL"EF2] A U AHAZAF {5l uhE Hunter value

S A 3y AT 9
0 5 10 15 20 30
CAM AT A -2H 65.65 62.12 63.20 63.48 63.48 63.20
Hunter “L” CAX AT Aleo 65.65 62.41 60.74 59.72
value AT AL QB 6372 63.09 63.12 6263 62.14 61.34

2T SFEFE 2.32 63.74 61.72 59.60
CAH BT A2R/T 2.30 3.57 2.7 2.60 2.73 2.58
Hunter "a” CAX| AF% Ale.o 2.30 3.89 3.57 3.64
value A A AF A 2K/ 1.94 2.49 3.16 3.24 3.42 3.58
A2 3T 2R/ 1.94 2.23 2.39 2.53
CAM AT A 2R/T 38.09 37.17 37.94 38.23 38.43 39.46
Hunter "b”  CAX|RZE xregx 38.09 3678 3578  33.01

value x| LA AT A L2F 38.15 38.55 38.98 39.13 38.43 37.69
A LA T bR 38.15 3479  34.53 32.62
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Aglel AT ALREAUTI B #F HelFol wste] B2 Ralo] wpHolgl
on AeAYRTHS AN HelFolH ZEAFI unstarh. Bel YPHIHe
ot ARe B 4 otk A WAL RE AelFold Wolxi Aol
onl 4E&R% NelTHrhe HESRE HTolA At YT} Pustdch pHe
Wt ate] apdstel Ui 2YE Motk Y 31, 32, 33).

Wb bale] TEWY A A3t B owjeh nhsAE A Galol st 1 3
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Hunter L "value” & A9 Bls=8t £5& Uehfg o Hunter "a” IS HEX

oA F7tstAY Blxd +&& UYEhIen "b” value & ZATHE Ao ]ﬁt} =
ET 3e ARYE W 4EUEel BE TE e BUS 0 A% Aol A
A et 2 Bt 538 fAo azpFo|

(X 6) 2= “BY” 54 CA AZF {5 UHo whE Hunter value W3}

AHelF o
) _“f_ Z] ZFu
T 12 0 5 10 15 20 30
Huntrer CAXM T A 2F 26.33 25.13 26.19 25.78 26.04 26.32
g CAXMRZE 2o o= 92633 2651 26.28 25 84
| LA AL AL{E 26.58 25.23 25.19 25.34 25.68 25.32
vaiue
222 2 *J%T"r 26.58 26.46 25.34 25.43
CAX AFE 2.2 0.18 1.45 1.21 0.80 0.72 0.24
Huntrer
o CAA 7 -2 T°r 0.18 1.18 0.94 0.42
a
| AHE&AAE H&8E 070 096 0.87 0.79 0.8  0.69
vaiue
2L AT ALe o 0.70 1.83 1.61 1.21
CAHAE A28=E 011 0.10 0.12 0.14 0.14 0.13
Huntrer
oo CAXAZ Ao o= (11 005 016 0.28
| A 2A AT A 2F 0.13 0.04 0.08 007 0.09 0.12
value
A 2AFF A2F 0.03 0.05 0.14 0.32

2. A FATEFF A ABF B2 L AL F F F4Hs

A AFF FEWHOl WE A FX" FF FYULE 95 3 z

of BAYel HSRFol 4L %ol Hlstel FRLLI} vjS
ol HIste] wrapolt vax Hel 77t FRUAE ol ¥ + AU
£ 42 $BH US Foskdh o0& & o AXNRF 45 ZA0lA
& 3hael fzol gt WshE Hasts Zo] Waye RAETHIY 37),
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<RI 37y AR A A F A W AR 755 5T A (BF S 225 AR

CAMAFE A2 2 AL F5F wrap U wax Helo] wE B, d= 2 7184 2
Frake] Mzl 53 TR AYL B 4 Yoot @A /5F 25 3y
e 48 Hrle A f%olA 23S 2 ol Azt 2o cAxEF FEHAA
Jsi-s 94 2 2F5o] M3islojo} & Hog Azt = Alzp 2] CA
A% wrap L wax M7t FHLLE ojuFE HE ot EFE URY
L Ax, g, Az w3 o7l FHsA] 4SS & o 4 L HZRTolA
al AgHog A L&3ly|ol o o] wtE AR ErHIY 38, 39, 40).
CARAF §5 whie] o2 o] TFF U ofd s UYL A JHrHe 427
SollA 7 wbMako] wat=dl(HE 7, 8, 9, 10), &3t xjo]7} Ao Hr} A F
oA E4E A $x ¥ $ dE A gd& AFste Holzt AWy xd
He /% ZAME A2 IFao] {F 130 wlste 253 W 3F 7Tl vl
A Vel ol: A2 XSl Al w3yt wiEA JARYU] diFe=
B ZtHct.
24 e 9#ES VERE Hunter a “value”= wrap W waxA 2ol Aol A2 &
E ZZAM tNFoR &2 S Ui ol CA ARF ojHIt AMzjHrie
A& 5ol Y B 1Y F23 249 Zog vhHCHE 11, 12)
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T ) -@- control
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(7> Az zhel oA AT Held AHS APE Ethylene A% (nl/g/hr)
P 2 A 7] ZH
= 1+ 25 3T
Control 25.9 11.8 12.2
Wrap 28.4 20.1 19.2
Prowax 25% 28.8 19.0 18.7
Prowax 50% 26.0 13.9 14.5
Prowax 100% 25.7 17.6 17,7
(E 8y Atz pale] cA AAFE AelE A2 AAF Ethylene A3/d % (nl/g/hr)
— A g7
- 15 2% 3%
Control 6.3 8.8 8.8
Yirap 4.9 7.9 8.6
Prowax 25% 4.9 6.9 7.5
Prowax 50% 4,1 6.4 6.6
Prowax 100% 5.0 7.2 7.7
) Abzt zpAd e} cA AT A A ARF 02 B3 (ml/kg/hr)
5w A &7z
T 1% 2% 37
Control 0.7 8.8 9.2
Wrap 3 9.2 10.9
Prowax 25% .0 10.0 11.5
Prowax 50% 1.0 9.4 10.9
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