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SUMMARY
(FELHE)

1. The purpose of this project is development of original technology for breathable film by
using laser micro—-machining. A polypropylene film was ablated using a COZ laser,
Ti-sapphire femtosecond laser, and UV nanosecond laser. For modified atmosphere
packaging, polypropylene films were ablated by laser pulse with different pulse energies
and measured on an optical microscope. Also, we observed the shelf life of a banana
contained within packaging of a breathable zipper bag. As a result, we have demonstrated
that the breathable film can efficiently extend the shelf life of respiring foods, particularly
fresh fruits and vegetables. The development of breathable film laser microfabrication
system will more useful for industrial applications.

In order to fabricate customized breathable film for various vegetable and fruit, we
changed laser machining condition for controlling size of the non-perforated micro
holes (depth and width). By this process, proper breathable films for various fruits and
vagetables were merchandised. As well as this, we fabricated one of functional
breathable film packages on the use of microwave oven by using UV nanosecond laser
micromachining, and the number of micro—grooves on the film is controlled for different
oxygen transfer rate(OTR). Additionally, we fabricated another use of breathable films
for refrigeration and frozen in the refrigerator. For using breathable film as various
purpose, thin lamiated plastic films such as PET. CPP, and Al were used for the
experiments. As a result of the experiment, it was possible to fabricate various
fuctional breathable film package.

Laser machining for breathable film with various thin laminated film was investigated
by controlling the machining stage speed for merchandising the wvarious film as
products. We also studied machining method using diffractive beam splitter(DBS) and
multi-pulse repeated radiation for breathable film. We fabricated micro-grooves on
polypropylene(PP) films using multi-pulse radiation and DBS. In the result, width and
depth of the PP film using multi-pulse repeated radiation were more precisely
controllable. Therefore, this method can be adoptable in manufacturing breathable film

precisely with high speed.



2. In the screening research of distribution environment in major horticultural product,
such as lettuce, jjok—pa and sweet potato, the most sales place had been sell a room
temperature condition in big distribution market, even they have controlled a low
temperature distribution system, still exposed the outside temperature between
transporting and input a warehouse. Average controlled temperature was 5-7T in
low temperature sales place for agricultural product and relative humidity was around
50%. Packaging film used to use perforated film except a mushroom and a garlic.
This research was identified a suitable film of non—-perforated breathable film for
storage and distribution conditions in 35 horticultural products, garlic (low temp.) and
Awe-mushroom (low temp.) had shown the best in 1,300cc film, lettuce (low and room
temp.) and pak choi (low temp.) had shown the best in 3,000cc film, perilla leaf (low
temp.), broccoli (low temp.), korean cabbage (low and room temp.), persimmon (low
temp.), apple (low temp.), and Salicornia europaea 1.(low temp.) had shown the best in
5,000cc film, and chicory (low temp.) had shown the best in 5,000cc film. 10,000cc
film was suitable packaging film for perilla leaf (room temp.), wild chive (low temp.
and room temp.), Sedum sarmentosum Bunge(low temp.), baby vegetable (low temp.),
broccoli (room temp.), rape (low temp. and room temp.), pak choi (room temp.),
Tangerine (low temp.), persimon (room temp.), asian pear(low temp.), apple(room
temp.), grapefruit(low temp.), Citrus kivomi x ponkan(low temp.), Pleurotus eryngii var.
eryngii & Pleurotus eryngii cv. Mini (low temp. and room temp.), and Handaeri -
gomchwi jangajji(low temp. and room temp.). Orange (low temp. and room temp.) was
30,000cc film was suitable. 40,000cc film was appeared best in sprout vegetable (low
temp.) or mixed sprout vegetable (low temp.) grapefruit (room temp.), green & gold
kiwifruit(room temp.), mini paprika (low temp. and room temp.), and tomato (room
temp.). Pear (room temp.) had the best result in 60,000cc film, 80,000cc film was
suitable in a convenience apple package and a cut flower of alstroemeria (room
temp.), and 100,000cc film was great for paprika (room temp.) storage and
distribution.

In the development of MA storage model under the characteristics of postharvest
physiology such as respiration rate and ethylene production rate, ethylene production
rate was hard to apply the development of model because most horticultural product
had shown the close rate the O under low temperature condition. But respiration rate
was applied development of MA storage model because it had shown very variety
positions depend on crops and storage temperatures. Predicting model was developed
by the regression analysis through research of relation and coefficient of
determination (r®) about respiration rate and oxygen transmission rate in the suitable
type of non-perforated breathable film by crops and distribution conditions. Relation
and coefficient of determination was calculated by all crops and characteristics of
crops (fruits and length of leaf). Through the respiration rate and research of 35

horticultural crops, regression analysis was y=18.438+19972 , coefficient of

_8_



determination (r?) was 0.0002, This result could not present the MA storage model
because it i1s no include the characteristics of each crop, only inserted simple
respiration rate. But the result of crop type and using part such as fruit and leaf,
results of fruits and fruit vegetables were shown the regression analysis as
yv=2535.4x+6047.8 and coefficient of determination (r*) as 0.4698, leaf vegetables
were shown the regression analysis as y=438.51x-3231.8 and coefficient of
determination (r¥) as 0.5814. These result recognized the relation between crop type
and using part. Additionally, if we considerate the ethylene production, sensitivity, and
permitted limit of carbon dioxide and oxygen with respiration rate in the storage and
distribution temperature, quickly identified the suitable film types of non-perforated
breathable film.

Non-perforated breathable film was tested for the safety of agricultural package in
transmission of fungal contamination as ZBotrytis cinerea and E.coli. Both Botrytis
cinerea and E.coli was contaminated normal perforated film used to use normally
through film, but all non-perforated breathable films were not contaminated even
higher 100,000cc film, this results was confirmed the safety of suitable package film
for agricultural storage and distribution.

3. Status and distribution environment research using cereal packaging. When is the
best non-perforated breathable film grain packing materials and storage conditions
apply to the non-perforated breathable film conditions identified. When using a
non—perforated breathable film identify optimal conditions for storing sprouts, oyster

mushroom, and medicinal plants(raw ginseng, yam)



Chapter

Chapter

Chapter

Chapter

Chapter

Chapter

Chapter

CONTENTS

CREED

. Summary of the research

. Status of domestic and foreign technology development

. Contents of research development and performance results

. Completion and contribution of research purpose

. Application of the research results

. Information from overseas scientific knowledge taken from

the research

. Reference

_10_



Al

Al

Al

Al

Al

Al

Al

AT LAA ) A8

=
Lot

_11_



o
5| 17
HEFOLA| Q] 7R

1R
4 12

0o
ﬂ_.p& (!
=3 ~
w%%@n ?
,m_.‘_mwﬂro ioﬂwéa
,;,._l,_‘lﬂk =0
@mmlﬂo_,% s = P J
}cﬁﬂo_a HL_Lﬁ E%ﬂ}
_slg._ﬂ%qo LG N ;u_xE
SrEit - 5 1ﬂild¢
b _L.q.mﬂg s ” a8 &
ollon_moZ EH,IO zoJI‘o|,Wro.A@ B
—~ N ﬂedﬂ ﬂ.nﬂi EY o E,_‘mﬂ w o B d
_zaﬂﬂ@um*ra 1_/_/|%mﬂn Wﬂuﬂouﬁugo_u m_,_.f a_mmﬂov
o T g 2 N = o i gl 2
iize 42 BRRECT i £iE =2
xﬁ?ﬂmow g Waomﬂb_,_WWl M@AT o e imw
@ﬂm:__ﬁﬁ_ o - HEolxrmq w5 =0 Z o %
ﬁe m@ _El X o_.l. W_E MO T alyl = ﬂAro E._o o) O_E T oAl o ﬂAro N o o
Frey 2P 3404 13 =5E £k
moomo_w_.ﬂr,_i hdLL. ﬂm@ihm@ﬁo ~ wp ﬂQWN or7
ocTiow ul,__,__hm u:w,cﬂ_mLé xmﬂE | do Aﬂ
E&]o,._,m_l Xﬂ.ﬂﬂ L._ollﬂ.ﬂho,ﬂo_lo%,lﬂ oﬂe,"._mu,._m_u _@}
]oq — M =~ n o W O <!
&l}ﬂ‘m_uor_z_; roﬂmmoo z_olm, ‘m..Mju:_uET ,DN_H‘I ~ 0
in}PHQE- ume. ,.ol,_r .A,.mlﬂ_. CONCY %L.ﬂ Ho
s i g TR o_#ﬂ& 4 B o
oI X0 ofu NEHJI_..T 0507:.; ]ME‘UI,LI EE,:J ~ H
ﬂﬂ%ﬂ%?&ow %_nzoo@oofﬂﬂﬂmﬁmx j gl %ar
— r o = 1r0;
%moo&égw,ﬂ% &@Q%UUTE%Q¢ _ZM.M 41%
Lﬂu},_x__dnogo I o_uz,_}ﬂmolm T ":ﬂ Voz‘
__o,_,.rAﬂ%_ & e i}o_é N <A = N =
) zoo.]a o_\ x,.r,ﬁ .|o] I ~
T A Al_u ~ < A = o 1
i o ﬁ.ﬂa_sh X0 X_._E,_L._oﬂu%o,._m_ﬂ,mudl Jlﬂa Mo =
QO%W@I@M% T 9 wgggn%$ gﬂ% o
iomllﬂL 5 o~ aTﬂl@l B ooF X o K e _ZE__,_A
%MWﬂqmgmb quqwq1%%ﬂ 2k % i
%olﬂ% H ﬂL iﬂamooof%amo by > oy o,
ﬂoﬂ%ﬂﬁo_al N+ I R %% 70 ﬂ}gﬁ e
auaag%%wwqaww%qqiaﬁy TR ® 5
ol ol Jl_ I I, ~ 3
24?;,.3; T
%o 0 0 ; — - _—
omoarmva.:eﬂ%f”i%ﬂ.z%ﬂnmﬂaﬂﬂ.ﬂkﬂ G
wx..r.ﬂ,_ﬂuwcﬂno jaﬂzl_] z7 B R o ;od.ﬂ oﬂ_:
éﬂfQAQqPA%OMﬁ%sz%g@Eﬂ T g
LiOMEHOHM Eo,.thMoWoﬂudﬂaoioo‘Lhoﬂﬂlw :.._‘q_o%
%WM#MEMQL% LHT_/O_E% B M
7;w¢ﬁa%%@aUQ@g .
| zT%ﬂﬂﬁ‘._OAOHIWIHE‘..;IOﬂ ﬂ_u__m
30WW¢§4WHW7E T~
oE@. n Mﬂ T
émuwwﬁﬁo_m%o_e
z;muﬂmg;_n
v_oﬂihwa.
SMM

A
}\];g_g] 20,
(o]
- 12 -

ool

El
A

| Jlea R o

o=

R
AATFES A
A A



D = X7 Mol 874

ot T84 HA Y& AFAA HEFLEY o] &2 ds] 8
Row 7]E9 breath filme B¢%E 4 imd 794l 84 F 3o 2
~4 ym%¥o HA €T E-coli®} L vlAES] 292 7}%?'5} A9l

- olHd FIHEELS FMEZY 2ol AT F 7] HE 4

of 13 7AEE BAEY TE HPSA % <01d 1 2

)

FAEZS g F Jou g FHop YPo R AT w3
Aste] Aol E & Y&(2F D

O9 1 438AE 3 (F71F EvtE/AAE/MEEE AddHE ] AL

- ok g Fule] F@Y FAZE obd ol Aol BB Hojge AAT AHE u
A7 ole), 2R 2T gloy F)&e] AW HA 2
t Agon H714o8 AWFUAE, F
NBEe A4 BFHT 9k AAHo|
87 2 Aew 47g

- HA AR FR o] FojW FAE FEo 2o SolA oy B FEa
8% 7EE A990 WY 2T¥FoR FEHE 42 2E%] AW o Solu:

- AAY FAE BRI FD T 204Fe] nFF B5E U 5 A

- 3 °JE1L11 duj o 2HA] Ao T AR Fu Buj TR AR
T sl "HulE o] &3taL Yrlel o]F fg =
MAP7]E o] ZEnE 5 HANEA YFANA aTF
- AAAAQ 71FHEet tEo CO: AFE % duA dzo] 43 2751
| F2fFE7Ied M oo HFd FE5AAY FHoz dA WHFETFR
o
%

fin)

B o9, ALFE PO HLRECE ABY A AT 10,0009
L EUE, dysHuAa A A7 180209 olgel HrlE @ e H3
o 37000081 CO, B3 EA7} /19

- lEENE 4% 2L 2P N4 Be

2 e r-lo

O
- AT FAE FFF SHEL 10%FEoAT TU FETAAAE 20%04 BAl=
40%° sete 5 T SHEE BY

_13_



- W AT A TEIF 412 o] A(FAA, 2009022 £ FAL AE od wE
HE71s9 FHo=E 5 T S48 S 1% FERHAT FE)2z2 294 5 YdoH, ofE
Sl 4-1229d D= 7F T S4e Y 7 U

- A R A gEivE A FERACIeL A=Y 5% e AW AR T
FEEo] we Fot THFHFLEL 15%, FH &0 10%0]do=2 Yetes T A A5
A Wt mAHE 25% A= FE7F LAt ‘FX ddFFAMTE A 2000994
o] E4& Holx I+

- IelA olEHI = A w2l
5 T TAsE oS 223

4
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RN, B HE FAEAZA, FUHE 43, @7, shht Ee qEnEd 4
WA Fol, IRALEF 2L £AY EFL o§N 2FoE ANFD BHD
glom, AAFAFE A H, 7%

A%

A)7F 19909 FH A EE A=

AAE B4 W olgdtel YAl FAmel FFE 2= WANTE AFHE A
49 Jl&o] 2RHE %1 Utk aHY o] JEe YAY ZVIA ¥k FAEE Y
A Aol & glold EEWe g 5FFL AUL 5429 5FL Adda] ANE

E FASA = 17l EAAZRE AFsEA ¥or, 20008l s FHAA HolA
Nee o gl MATHE AFSE N1ee A on by AR 4w 9
&, FUCIAE PAel 200940] 1) =7k EgHo, o] 71&e CO, AlAES

7] WEol A4S AED MATFH AA7 5om oldel™, 1 FyH A7) £F e

dEo= sty FAEY TR "t HHY FHES Ze vAVES e
=

$o = 1"10m A= 2B I F4m zHold wAZIEs ALsA 7hEst] sied] F
o e e FHEE AFEA 24T 7 de FAE 2AASY 2 7HE Tled A
o] AIAH ez &FHA Y& 53] FLF BAEHAA, TFEC] dE JIFT A=
H&shs dd mAZIse A7 4 /A A F U= Jled, A A <€
AL o] &= VA Zlee WASHA 8 ALY

=7 AZe GFA4 A2 I wEY M & FEE AAse A¥dE a7
Y F3tet=d desn

=7 ARZ7ed 954 77 JA 7Y F2 ATE Tutste] I 79 FAAHS
AT wEtd AZAH & AT 2H 2 AFNE)Y AL 2x9% = 24
2E aRE AAe A 2asHe vHEY HRIE T 2 F AdGAY FHIE
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HM2gd =uUe 7lsig a3

A 1d NI Tied wu-e |3

A7 7B e RS AT AT FEAY
5357142 ﬁ%f; ATAE I8 o g 22 2 A 2R AR
o 51 7) Bl 2]~ o
371 51 of 3 s714 2F wA A= A ;j?’jgz(;}j"é g]—%(}zﬁiajile film)
53 34 =
SK 5% 5714 FAMBRESPOL) |54 54 59 35 2 A9
(FEsdused 574 88 AZ frww 54 3719 28 39, A9

Z(HI PHANE, HI BRON)

ZNAH HE 2F Az

>lE.

XH’\ ¥ZL AN "2 9 JFT7] AR
i

- 71€9 714 EE Axvle ToAA EZAEAF CaCOs(ddZe)s st ¢E 2
dAtE TS F VTS FAMNA TV R 57 SHAANIIL FEZ FHAINA
e 7S FAE Az PHS dF Ax AL JheskAnt 2R A dv B A=
A0 "asty g7 F3}k 2do] ojygu TRV WolH S84 Wt TAH

- mA gelt BAEst wER Az tololRE
AN 574 BE AzEe
719 A2 AAT 5 AAD, AR 27

QA7 BZE ZLE ol &3ld HE
2] =3 BaE 229 HuY & 5o
FAH F7] AR} FLEH 50 m ol

m\m

el WA AFL ASHA A7k AAd FAYH AgHel Rk BAGe] AHY

- HolAT o) gdtel WEL AFHAU VA EL AT £ oM olHE /S BA
g Az F4% & 92, 20004 WFH FHANAE CO AAE g5l 100

Ao MArIEE Ze TAA Ales
714 45 b #

fr o B

©st 799 277k AN GAF Am A @
7 gold AAE BWA H4584 Ren g
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(a)

a" 5 7IAA 7148 2F AxRVs Adx: 2 53 AL

THEOUGH BEAM
PHOTOELECTRIC
SENSOR

LASER OPTICS, SCAN
POWER SUFPLY 70~  HEAD 60

J 7 ¢
Irmnmaw,en U U—‘;QI‘ 0 EVE
L] L
B8R =

POLYMER _J Lﬁﬂ
FILM 40

(a) (b)
a8 6. COz HolA T714 2F Azx7le /Id=: 2 53 A (@ HEx, (b 25 I4.

S0 gy

4 B #Ae s)es BEd AgdAT A5

- REZ A4S o8 2uA A % AR
dolA WA ABNEe 7HE =T dolA Mol 1AE L A/FAH FEA 5]
#3

A, AR, Asa dtERY A T FEd ZokelM nFR S FEE Ve %-’F
A 7lez2 2 2850 gtoh. B 874 JsHo|n, vHF THoEA, T4 WAL F
de Ze FF 7FEIFAAA 71EY $4E dAEE A 4 gl 719t gl

HZ AEA Nt AEX X folAE HolA 7hadl ol&aA Hd, 2 Fol o3t

o WAF Fo] FHo HYHI| Mol Fo] BuA Hol HFRY Fud ofus £3o|

g FEEss doslx o AWl Atk WEZ oA JFe ANH de ATRE 2

2 ude ol ol ohum WA A AFE Foulol BelwYs] WMol Jwge
g

of % A9 WPol WARA Ferh olHE HFEHOE WEZ
oA 7HEE The|az Y olske] zuA gl AsHHIY 3. W, BaZe] TR F
e e PEEYe ofF E7] Wil Wde) FFHel TowA 2t Aol Utk oA 54
W TAVES vATE AFY] FEAA /&R A4 oA Uk 249 vA 437
2 2839 2307 349 ARWA, Y Bax 5o D ATE $A A4H1 3
o E@, dERoINE BEX BAdolAE o83 I3 &g A HA FAzY
&4 Qo) AR S0l A5ay] W AFATH AT Yok,
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£3], FEX #HolAE o] &3 UA /T V&2 JtFEHY Ado] Q) &£l A A
32 e FHoR ), EHag, Hd HE, AA =3 71F T €8 5 AU

E dAFHE 7t REX dojA M 8§ JdFE FYS gon, #olx Eoko v
U3 ATE FYS gk B3 B AFHLE HEZ oA JMF AxdE AH FEse g%
g AR wA E Vles N3t fow, uA FE 2z L T AFE tdt 7Y
& ok

O 7+ @A B AFLe FEHO HAEx HolA JMF A2"ES yEy, 2 185fs,
1kHz9] BH5&S 2t3, 718 WAL 30cm x 30 cm 7hA 7HEsta, wholaz vE HUE=R
7tgol 7hssttt. 7HE AL stageE ol FAIA e WHEHIA 1dE& 2AYE o83 Tt
F3te F 7HA Ao] 7bsstA A"l FAE Ut

21298 Clar< MXR e

(a) Long—pulse laser-matter interaction (b) Ultrafast pulse laser-matter interaction
Y 7. Yz oA HEX #olA 71F EA ¥l (from Clark-MXR, Inc.)
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M3y adEsd L8 X 24t
K

=
A 148 HolAE o]&3t HHF wEH breathable & 7wt

- 1APd = 2011-2012
1% awrEFo] £0]3 Diode-pumped Yb:KGW femtosecond laserE AM&3IGE. 19

19] Diode-pumped Yb:KGW femtosecond laser(PHAROS, Light Conversion)= 250 fs¢] EXx
Z 100 kHzel ¥r&E-E 1030/515/257 nm9 &4 2zt 60/30/15 u]Je BX ovAE 713

o

¥ 12 Diode-pumped Yb:KGW femtosecond laser® A}kojti. 1uHbE-E Diode—pumped
Yh:KGW femtosecond laserE o]&3le] 7|£9] HEX #HolAo vddel 71F & A 3§
A2g = A

Parameter Specification
Wavelength (nm) 1030/515/257
Pulse width (fs) 250

Average power (W) 6

Repetition rate (kHz) 100

Beam diameter (mm) 55
Resolution (nm) >350

® 1 AFEE AEx dojA AEE ALY

dolA HA Z(pulse width)ol W& HAEX 3% UYxZ: HXA Ho|AE o]f3te ZF=
2R °E vA & 7t 5SS v BAEY] Yl e B2 & VMR dolAE AL
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S8t 7+ st

(I}

(b} (e)

id) (e)

1%] . ‘/P-‘T—.% ol AE o] &3t 7tgd HE A & SA A 9A & 7HF ALS
g H2 oA (a) 100 ul, (b) 200 ul, (c) 300 ul, (d) 400 ul, (e) 500 ul °lth

(b)

(d)

29 10 2% HolAE o3 ZhEgd IE "A F A AL A F Tkl A
" F2 ogA (a) 100 ul, (b) 200 ul, (c) 300 ul, (d) 400 ul, (e) 500 uJ °jtt.
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(al (h)

a9 11, HEX dolAd o3y =
27 uJ, (b) 91 u], (c) 160 uJ«] o °ﬂ x| 7}
e 2™ 9, 10, 110149} Zo] olAe Hx £
LE "A & 7HFe] €& 39

Ax ZI=z=2AY AE

(c)

(a) (b)

(d) (e)
SEM A AR, 1A

25 A &

a8 12, AEX Fo|AE o3ty 71E3d
E 7HEd Ae"® B2 quA (a) 15 uf, b) 705 uJ, © 27 u], (d

54u], (e) 108 u] o]ttt
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(a} () ) (d)

() (f) (g) (h)

a9 13 HEX #Holx XA Fo wmE J1F 5A. (a) 1 shot, (b) 2 shot, (¢c) 3 shot,
(d) 5 shot, (e) 10 shot, (f) 30 shot, (g) 50 shot, (h) 100 shot

29 129 13& BaolUA S Ba ASE W 28 ®¥S AW 98, 474 38
glAl Eol i AAFAF @u) (SEM)E o83t 7HEdE v A &9 A4S ST Al
o,
M [Se=widn —®— Width
2 Depth . . n 2 Depth) *
8 4
el e £ -
E-“" L] : i’;‘ﬂ- 3
@ w0
gm': ] 2 § i_- — _—
{1/ M
T . . : h e
L]
L} Il- T T T T T o r. T T T . T r T
o 100 00 300 400 B0 ] L[] 20 3 a0 50
Pulse energy [uJ] Pulse number
(@) AEZ oA B Ao e AF 54 (b) AEZ o)A B o] B 7
E4

29 14 AEZ oA olgsted Ha e Bx ASE BHANA wWA Fo 279
Qo] 24 7=

I 14 (@A B AdUAE W AS "W o 200 u] oA HA &9 A7l F7t
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10 ]7} A3 AH, 22 A ¥A S de I¥ 14 belA B
3l

oTR

S
:a
iy
5

75611%1 o 7} HEtehs st
- Eat

o A5E WS wA F ol

- - - v . - - - - 1
o L] i) 1% et .
Pulsa nurmbas

gdolA B g ¥ o 59 ¥V FH=
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- 2z & 2012-2013

1. PolAE o] &3 v AT breathable W& 7] FA= = A+

F7] FAE7F 24do] He IE 94FE A3%to 30 ume FAE 7HA+= PP (Polypropylene)
58S A stgen, COE oA, AEXS Yz HolAE AMEste] 2& ZW 1A &
7bs st WA ThEdd ARRE COdlol A9 At 106 umé] T4 30 W A=
HE A dolAE AHEEAT REX HolAE 184 fs9 H2F& 7HAH 785 nme| FA
H33g 7R = dolAE AlE 9k EI Uiz dolAE 1064 nm (1064/532/355 nm)<]
SARZE 7R, Bx Z2L 8 nsel HolHE AL

7te HoEE AZe #HolAe Hx JduAeg dx JiFE £ e, £ Wl
wet 45 g¥o JtEEHE vA FY =279 o] ¥MEE AnAS AHgst SASAG. 2
F X o)A 71EE st =F Heol7b 100 mm (N.A = 0.055) & 7HA= dA=E AL
=g

CO. laser Femtosecond Nanosecond

laser laser

A ZA Universal Cyberlaser Quantel
24+ ULR-30 IFRIT Brilliant b
A 106 ym 785  nm 1064 nm
AdE9 30 W 1W 86 W
HrE 120 us 18 fs 8 ns
WEE 5 kHz 1 kHz 10 Hz
A= dd= (f =100 mm, NA. = 0.055 )
£ 2 37 SHE 22 A7l ASE HolA A

ARS AYPs A CO; HolAE 9 =77 UF aw, 5% #AEHE FA7 4700,
oz s F7) FIE @1 olele wiol YU oleld BHE BIHy] A% AEZ
oA E A&t HAIE WIFsR=H, CO2 dolAd v &9 =77l AgkoH, 4Hd #HF
o] HX| }ARt, BEZX oAt 1rte] FHQA FPE&oz HEs7] ogE £A7 A
o}
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9 2HZ(2d 16914 S & 5 350l o 400 nmolate] UV HAoA §5EE @
S AT 9 FF 29Ey ARS RO 355 nm ek dolAZ AEEd PP BE ¥
A E HEEES A9 gtk 2987 BEX dolA AF st S fA AAE 2
Kol

&) *
 ger), 29ZRE Hgos £4E BE AR AAES A
192 53 ek vt

3]
& A% sgor, g dHdN 23712

With ouit \ With out
packing - packing

ki - k)
Zipper - - Zipper
. bag

3}

aPI7AAM B AAE 2FE A 43 2B vhue el 5 A F 4dd AL

A mkio]l A717) AlFetgen, 104 Felle &0 &3 W %o/t A7 H7] A&t

Sot. Gt A 3% AAE AN G BAYG AAH FF AL Aol BT
o = okx

Jeu 4t BES A8 0 44 2B AN
10 Qo] BAG Fol whiprist Boke] HAolA
18950 Bol S FFel7t 42 AL
Aelg Selste] AME vT AP S 2

o]
Fobrh e £4 ol HaN A F o6 A= RuIge] doide AT F Ak

Sl
=
T
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2. UV dlojA & 7l A" 2 7hg e A

a9 18. UV Yz oA 7]uke] Ay
£ £4e 48 7ks Aj2d

S

to (BT 2FAAANAE FFAdried 1e37ed T2

= 3L O, o
5‘7}'6—2

i
=
3} FFoeR 1

TEE =H4=
Ej'

o} (F)dl 2~ a9 189 UV Yxx #olA 7HEAILHES MEsian. €2 9
HAS g2 s 2Ad0 BT 0] FARS IR G4 98 A2 Pean.
®, 29 1 m o4 AFEEES o] gl ol s AUE £ WE Aol AT A
"ol a9 189 #HolA THEAIEEHCAA AR EHE HolAdE 1EH  Q-switched
Diode-pumped UVd o] Aot} o]AL 10We 2EHES WH 355nme 3%, 33nme E2F
283 ImJo B2 UAE zte=t # 38 Q-switched Diode-pumped UV o] A &) A& AL
o2 J)Ee] AEHE AEZ AT tAlstel AAE) BHew FE AerPsa
zdg Q301—-HD—-1000R
Wavelength 355nm
Pulse width (ns) 33%10
Average Power (W) 10
Repetition rate (kHz) 10
Beam mode TEMoo

E 3. UV vz #olA FAAY

A9 & AEste] UVEHOIAZ HES 7HEstn AEXR HolA= /Mg &
u]ﬂ%}h A4S 39t 252 30um FA9 ZIzzgAPP) 25& A 2
< 102 32431 B2AqYAE E3AA 713 7ted8S dvE oz #Fe
a¥ 195 AEX HolAE A&t 7HEe WA &9 Ve Ha °ﬂL17q°ﬂ w2
2 Yed o g JtFel AR HA UAZE 27 u] W, 17 pym olH, BX Y AT} 91
pJ 4 o, 24 ym olen, B2 YA 160 u] € A$olE wA £ =77 31 ym9 =
718 MRS Fstgrnt 3219 BEAZ A 2" (3D optical measurement system)S A}-&-8}
of 74F® Al Fo ZdolZ =Astel 1Y 200 2 EZE JERAT. B2y 27u]d

&
ol
3R
koo o
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uA E9 Zol:= oF 25 ymolH, BxaouA 91yJd W 17 ym ZElm F2ouR] 160uJY
o, 20 yume] HolE 7HHE FAY F

(a) (b) (c)
29 19 HEX #Ho|AE ol&dy] /lEH HE MAME dnF SAHAA.

oAl & 7FEol ARSE B oA (a) 27y, (b) 91y, (c) 160u].

Depth fum]

29 20 AEx dolAY FaUAd e BF FFHolY W

OSo2E Uxx #HolAE ol&3te HA o
o] A¥+= 19 213 I9 2244 9l B F
Hell 7kgd v A 9 A7/ W stgem E2 Xz 100 pJell Al 30 ume] A &
71€ 7FH2H, 300 uJ A= 42 ume] =7, 2 AN X7} 500 nJ A= 54 ume 1A
o] ZVE JtRey, A2 dquAd wg ARH R AYE AT F AU A 29
717F 2R sty dade 4 2E3 AEX dojAY sty A w$ FAES o &
At o] AFfE w4 ZE UHEE A% HEX #HolAE Al UV Yz #HolAE

=

i
X

g9 ERd AU
L H2 oA WA g 18

) i
>

)

m& i) ;2
el

e oo 111 Fl:i

|

50 ym 50 uym

(a) (b) (c)
3% 21 . UVikez d0l4E o gad 7188 B8 FAE 298 A4,

wAl & 7hEel AREE B S| A (a) 100u], (b) 300u], (c) 500u].
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Depth {u

FE5E 95y w48 ZF /HEE ddAe 4 FEEE A FVIFIHEE golopsttt
ARG 7 FAEs EEEE AZAF A4S Folq ARV A Jted 2HE dHst
AARstAT ofd & oA A A& vHoE 4 F5E 73 JAT IFEAE
o]t}

=5 AR ZF/NEHAE (cc/m? * day)
% 74 A 5,000
A 72 7,000
A 10,000
AVE 10,000
Tz 20,000
R b 40,000
X4 F54E A4 FUFHRE

o] T2 ¥AAE UV Yk HolAZ OPPEEo rA &8 71F34x, 349 2~
F 1AL 49 BAHY F9 AFE 2HIH IVFEHREE 2450 #¥E 10W, €
29 FE /=
F
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CERPE T

(a) (b) ()

el g e

(d) (e) )
a9 23 5 4= 98 M 24,

(a) ZAA, b AAH, () A%, (d AYE, () T35, ) FWF

o

ZbedE Afe 19 2394 SE 5 At @7 (DY FE5L F NY £ Abel9 7H4 0]
0.06mmo] 2, (e)x= 0.07mm, (H+E 0.08mm=E =X A9 BAE 7A3Y 7] o 71+
H 343 2717 AY vxES & & o aga vhEsE 7 259 ke BERY IF

FEE AL F Yee & 5 AN
do ARe vz "A o BNVAY NFE 2% Ao YTF WEY A
7t 88 st 2 BAsA

dolAE o8&t BFE 7154 BF 7ol 7hedd, AAAA A AHEste E4& 4
s BEe MLt A9 S8t 2 TheAE Fdskith HolAw A A
355nm 7] Q301-HD-1000RE AH&3tH L 52, 42 ume] F7¢ PET+CPP &9 EE‘EOﬂ

]_
A §& JhEedn. 2WAE 150 mmE HE Fotheta A=E AL, e 1
P2 30702 AT WA F9 )
12, 15+ CCe &< A=A

’

aF9 40, oA, 672 =7 '5—7]‘1“"]'];— 10,

r
il

<9 Fo5339 | &g
4 - -

(a) (
a9 24, FU|FH%e E HE FH vA T dvH SHZAG
(a) 10%cc, (b) 12%kcc, (c) 15%cc.

~—
—
)

~
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(a)
a9 25. 715 =e

(a) 10%kcc, (b) 12%kcc, (o) 1

~

a9 24, 25009 B 5 Qe AAY, 4749 wA £ Z71E H2 71 imel A F) 110 um
18 ol WA Fol AT HE Aoz nol Fo MR

e
N
u

v}
i

N

[

X

o

e

ol

ot

L
N

49 71g A3 HPoE AAAAE AL WES THAE ANHEO, 129 ccdl T
7] FAEE AHAE $4E BE EPA nTHE Qo] 2R e AAAAR 4HE 4
de 29 A9k 39 263 2o AAAAG 93] nFwkrt JolbuA wAstE F79 9

ZATL $E LEAW BAA ggor, 3 v FEOE F/W MAULE B

3H

TEL WA Yo @it =, 27 EUA HE ZFAE F
w7 B37F 2o e AAAMAE o] &sto] I HE o 3E
AR 2o EAQ FRe] Bol Fdate dde] AW, AAAA L FHE

FUSA 1 TFA POl dob Qo] hA FEE FFAFE THE FAL

e
alif
-3
o,

a9 26 AAAAE o] & uyvp 22 A9

o ¥/ =4 25 7hE

d 3FAEe=2E SE3] AHE7Festth. a3y o] A7 9
Ae o= A8 dF T4 FAFe}. 284 PET+CPPEY WIS 7HA L de
T2 AHgstdol ¥EE wH= ZF AFe] Jhedn ol A HEE 249 NY+LLD
FA dEe AHEEe, ol w2 7IAY xS #d4, WA WEdAgel Hojy At
VEAE, S7HEAE, EAFE T UYT Bokdl AR E E0l7] dEolth
3sg w45 &2 F4 52 um® NY+LLD ZF #H9Wd 35 nm 349
Q301-HD-1000R #olA = wAl F& 7F&stdth. 28 A= 150 mmE 7HA= F-theta dA=
AbL3Ha, Y= I0W, HA2E 3042 AR A 9 AFE 218D 6712 7HF5

= al
o TAg =AA 7HEg PET+CPP 259 ZA#¢ vwstdrt. 1 Fo 3% 15%ccE %
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= NY+LLD 4 4&§& A=A h

(a) (b)

Y 27. A E FFH wE st 29 vw
(a) Y58 NY+LLD, (b) ¥38& PET+CPP

Aol 9+ NY+LLD Z©Eo] PET+CPP ZE3 vuau s
A71%= 2 10 ~ 20 ym A
AA 7F2E ok 75 pmol A
1, < AT & QU o) E

] J 7}83 NY+LLD %3+ Z&0°] PET+CPP 3+ 222t 371534

7 AES ¢ F Utk 2HER 4t F7IFFEY NY+LLD F4+ E5& HE7] H3A
= PET+CPP 4 & ZEREY vA & ¢ FAY & 258 13 & 2ol 59 713 =4

HES NY+LLD A Z9 HELS ALL3le A Fst
Sk FYE 10 W, 22
st ZhEadth 2
7 FHEY YEE =4

% 28. 15%kcc®] NY+LLD ¥58& w4+ 2§ 7t+2%
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- 3xnd =: 2013-2014

L. % Z& 7187eS o83 15 WA F breathable ZF 71& 7le /N2

A 289 F7FHE 22E AT WA F 7S HdA g ExEve gF g2
7bEol #8823 page Fx] tF BEE AT Jheel dalA A7 HolgA W, AFAW
ARl geolA &Y kel ek E T BT wME AETME o R fEEr] fste 3
AFtaAE AHEStY OF Ex 7ty 2498 st 2 e de &gt

Ao 30 m FAS ZHZ=ZA FF Ao ¥ F59 E2E o2 A zAske d
oA HE Hx JhEd IJHFGAAE ol &F BH WA F& JHEste WA & A7) AR
243 @A 1& JhEd W JheAde s dFE A A8E dolA=
COHERENTAFJUV Y=z HojA(2dE: AVIA 266- ARgstd o, 266 nm9 I, 30

of

)R
kHze] B2 wtEE3 Hd 3 W 3L zZte=t T3 3 Ho 95 e Y-S 37198 ALE
H 3" 338t A2+= Holoor AHY 1x3 DOEZE Hl o] 715 Axbolt}),

¥ 5. UV @A A%

Model AVIA 266-3
Wavelength 266 nm
Pulse repetition rate 30 kHz
Maximum Power 3 W
Beam mode TEMoo

# 6. 34 W7 &3 ALY

Model TS-008-W-Y-A

Operating Wavelength 266 nm

Number of Spot 3

Separation angle 0.32°

A FAL 18 299 23, UVEelA FollA Yo+ W] uHE AAH 3| dFeaxto

Egdte] ®lo] iz E71¥, 2 W 71‘%7%“4 572 mme ©@ A=E A FE FH Z
sl AY. A¥S 29 309 22 MdeE IPHAGY. UVHolA Fde HAERE=(Burst
mode)E AH&33T. ©] 712 dolAe BAE 172557) Atol2 94 /MY F2E dHolA

9 WoE YRUE 7150 oF Agse 42, BE A2 74T A
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AVIA UV Laser i S‘: Wi
266 nm Pl propykene fitm

. 4
-
i
E]
Single-axis Stape

Duffractive Beam
Sphicr { 1X3)

Singe Movemem
Direction

O9 20. 9% 22 T Vhee AT AF 74, (@ AdE b) EA 2F 74

A9L 126 Wl 54 #old &8 ZAA 7‘1631‘4221 I-2AHY, & F&el 175 A
PN

ARAI 7132, 1§l &2
ﬂ%QE s}aiv}(“*ﬂ %

B &

1222 Triolok 123 Triplet 1x3 Triplet
B::am 5';-"-: DOE Beam Split DOE Beam Split DOE
F 57.2tm F 57.2mm F 57.2mm
Comvex Lens Cormex Lens Convex Lens
Stage moving direction Stage moving direction Stage moving direztion
= - 4= AL 4= Huy
Palypropylara film Podygrogarm film Pelypiupslane film
(a) 1st radiation (b) 2nd radiation (c) 3rd radiation

a9 30. 1x3 3 A ME7] &2AE AR 2E 22X FH UHE Md=E

Aol A FHE AW FANA "y B2 F
oz %

F 9 ooz 7tEE sH= 258 = &+ Ao uA F e A=l oF 318 m=E
ol AZle 3AFstaAed I He 2He WA = dd=9 AYE £AIE =47
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a9 319 570 BAE 3 AA HER RN B 4 dFo $U AFe Bx FH A
39 A% 9 59 Ik <3 m ARG A WAL AF Ao o 2ol 4
E 2R, 2H0A olF o3, 8§ 2PN FHe) FEo] we wAAL, Ba Fol o
gA HAse] 377 AAE A%E FAT & AQT Y 329 2F BolA AFehe B2
Fol mE wAl § 27sh dol8 AU AN B F Re] WE B2E o W
24 A7 A4 e 59 Wag @ Wd ZAAA ATE AR AFE 3 oz
A8E ¢ F A 2 FANE B AAed A duel A= 2ol ¥ ABE Asiu
5ol BAXA %3, Qol 37 Fo] Wel B s Ao AL B 5 Aok

—— e EA B —m—EA fA T

[

a9 32, HE] B2 FFH /HES A} 2 YAk 7FEE ujA £ Zlo] vw 13

8

)

B (um)
\ +-

ot W2E T Mol £UHOE Fobd RAFE FH(B2 U AHF) B2 FE gAD

IRE WA e W FPAMNE AS(E B2 3R ARG SPHOE Be quX

g wi HEE dolAe g IF T 54 3 T

FA0R moh 3UF AF Hel e BE AF5T ol 1T HIFFEAE AEH]

WEol, 19 215 19 225 2ol ¥ Wl oiel Ao} AE gl Folsteh. APAAE Wel

3711& 2718t 248 Agsgot, B B Mo B8t 84 39 248 e
°]

8
W 5UE Aol o B bEo] o|Fo] A = YL Aolw, AR Aot F7) FAEES
A7) 918l shgshe Alzrel W 23 ¥4 wok d AA 2 Aol A



ol A= FAFsAA e HE B2 FH UME 71ES AMESY, 2o AEEta wE
7 £x9 7hE Wl disiA A4 E} A Fo H2E 3 W AN I E EE "
Ak JFEH a9 U 5o H2E A7 W UFo JhEete d9EH 22 $3H e A¥EE
slRal, dE] B2 FH 7hFo]l B} 78%‘%}71] Al &9 o] 2de] 7HEstEth 181 3
2 B3 AAE A AFEEE & W oF AHEE FAC sbEEtd 1 JhE e ®E
gk gttt o] d9E Fsle By B2 Hlom BT IAHFTgaAe HE 2 FH
7MEE FESUH, gdestHA 1E AY JHE s F4E 2E M A2"EE Al &
£ F e Aoz JigEg

2. oA B71E o83 tIHZ HHF breathable & 7} 7|& /|

71EY 45 25 AF BAE dHolA 2UE AT

breathable Z & =

A7t do g 37 FHE 24 & AAE B2 A &

87 i =& =1 =¥

°4°'F st o] AF 7hEAIzte]l o A, A
< B3] st mA &9 AFE F

st [FHe A A3 g

WARYG EE&Aoln AAZ b disiA AT JNEEt

AL [PHe 248 A

1

N
N,
i okl ml

a9 34, g4 ¥ 27 7tEvIEs ol& Oopp¥
@G Hx AL (b) 2H|OJA] o]%
HA gd B2 AL (d) olg 22 FUz 9

9 Al F ABNE, () A WA Aol A
A (e) 2=HolA 9% F A
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AdoAMes dd 25 ALY, B2AUAE 187 uJ, 30 uJ, 40.3 uJ, 54 uJ= WSHA

A 4EEE Z3 o), ada ¥ FHEE wudgt 13 3HBE 54 yJE AL et

Hxg Zo] d&HoR FHASS FAT § Utk Y 36olA= &

& w39 FHE A Fo /AFEE 3} 94e ArATH SEMoE F4

7 7bEE HA Fol dia ol & 1z AP Aotk AHA

o B %ol 7tEHo FIFEHE ol JE Ao] obd, 10 yJuitt <k
)

h=4 A=
um# 2oiA AU FAERE 28 54 42T F A

0]

a9 35 1x3 A ®E7] &AE AMESe] 54 uyJo] @Y BAE OPP 2§ Hd d&5He=w
T3 7t A7

13.21 pm
1226 pm . 14.15 pm 18.87 pm
£ g E_E;
A 2 3
- - : .5
(a) (d)

1L' " = H _ -h"
a9 36 @Y 222 0% HxoyxZ OPP 2E Yd 944 T3 7139 23 (a-d) 7t
F uA F9 dAvA AR (@) E = 187 uJ, (b) E = 30 uJ, (c) E = 403 uJ, (d) E = 54
ul; (e-h) 7F&9 Al &2 SEM AM¥: (e) E = 187 uJ, () E = 30 uJ, (g) E = 40.3 uJ,

(h) E = 54 yJ.
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Pulse Energy, pJ Pulse Energy, pl

(a) (b)
a9 37. 1x3 & WE7 AAAE £ OPP 2E 94 3W =H 7138 "A E9 AAH
Zol, (a) 3¥ @ H2x FH T v £ HA W3 a=; (b) 3H G 22 FH T
ulA &9 do] W3 o=,

A Ao W& FVFHAEE FAHT v Ao
o 1 z

e L
[

OTR : 1233

OTR : 1351

a9 38 A HE7] &AE olE&d 2d 2 FH UMeoE Ad EFY FUFHE A
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3. 2AE & 7t £ 5 HAFS v HF breathable ZE A ZE 7

AE2 YT #d, ALFET ol AAHAAE, ¥/ ¥5E T A 7HA

7t gEo] gE BEY &4
W 45t 3/FHES 287
WA Ee 2AD gol 1T £E AL HFW 5,
AAetE 2ot 28I FARTGE
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9
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|
hi
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N
ol
we B

45m/min® ¥
=55 A 5 U
NEEE 45 m/min 80 m/min 120 m/min

TR RE Z4 43

(cc/m? » day)
X 7-1. 7t £2dEE A" OPP 25 ¥Axe TU/|F34% vl

148,000 95,000 97,000

oSt Ze HEE WPoR 1Y 189 BE AFL A UV dolA AxP o) g3hel 20
~ 120 m/min Alole] $E2 24 Hgom, BE £AE WA BB ALEEE A5E T
NEAEE RFES AP HF SEF Tagon, E T4 BF ARLE 248 HH AF
Sxol del B 3 ok Ed AEY 52 EF ARE 19 04 BT 5 9k

B

B2 Az =7 72 £% (m/min)
OPP 30 um 80 ~ 120
IPP 45 ym 30 ~ 40

LLDPE 43 ym 40
NY+CPP 75 um 20 ~ 40

PET+CPP 42 ym 30

PET+LDPE 62 um 30 ~ 40

AI+PE+LLD 66 yum 30 ~ 40

E 7-2. 2F ANFE 2AE FF 7}
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o
k
by
Y
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(a) (b) (c)
a9y 39 334 £ 2 713 27 (a) 30m/min AI+PE+LLD 2 &, (b) 30m/min PET+CPP
&, (¢) 120m/min PP Z &
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L 58 % 49 SHE2 BB FFAL FAE T2 23 MAZA 73
- A&F 4 F2o] AP T MA AFEASE AR AN
- AT 2AAR 1) ESO U@ FO MA @A AHG AA

(1) &3 : 4AX] APCOlA £ ¥ Ao = A HL Yo, tE =ER olF % YAAE
o] &3t 8EFFLE FAHUG. EF wFod A 9% olster #HEHL YUMAEH, &
o ZS wuidivl A2 FAZE vyl olF ¥ 20=7tA ST wWF A oA
A7F A A=, ZAAZI7E 10189 7HEolRE BAR PILA] BAE Bt 2ol =

—s~Temperature -==Relative humidity

Relative humidity (%)

Temperature(C)

o 1 2 3 4 5 & 7 -] 9 10 11 12 13 14 15 e 17 18 19 20 21 I2 23 24 25 26 2T 3B

Time(hr)
11.10.18. 2:00pm - 10.19 1:15pm/19 6:20pm (x=2| 0 185 S F24|)

¥ 40. Z91e] kA APCOlA HARE Aui7tA] 25k &4 ¥}

(2) Wloln] A : AR TF T AHeow BIHIL Yo, 2F 8Ad UF rE=

olgHE TU¢dE FFRAE ol &3t 0=FELE FAHN

FEoz FYHIL JYon, vt JA Ao 2 FAYH FAAIJE Folil AATE 1
T 7t 29go=
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o
k=)
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0 40
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a9 41, wojH] AL I FEFT 2E 5% ¥
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1) =& U 3% JIuE & AN 23 #2002 #AGHE AaAol29 A

6= oz BEHR UNoH, A9 A 23/2ME FEeIT. TR ALt &0 2)
O A% 9EAA BEAI BAANE HACHE 8.
£ 8 FU I FEUE FAE Wl 373 =4 "l
E vE L v H "=
9A] 58T
LA o)E 2= 6.9C 144 3.8TC 6C
18A] 3.1T
Ae g 2% 27£1TC 27£1TC 23+1TC
e FE 45% 45% 53%
R 80050 Lux 40050 Lux 800+£50 Lux
@ TRV 2Q 20 AEE A | B4F 28F, A4de) 2529 T £ #
T AFS AN 2 v At AS 3R EF FEIEES AMEsidew, A A
£ 2R FEUEE AEHT o), ol 4 MAZAAA BUEE Bk U
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® 9 AMaF 6FE AFF 2FF, VM 2F5Y I £F #5 FF(WIE 718)
=
r e R T el I I LR
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ElE | O | 080 | 8 | Ae 122 201 | 03 | Egz=saa
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HOtE | o | 100 | 12 | Ae 106 | 202 | o5
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Hole | - | - | - |Ae/ae|  019| 173 | 249
e | - | - | - | =e 465 | 752 | 137
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HOlE | o | 100 | 8 | Ae 741 202 | 02
EvlE | O | 100 | 8 | e 060 | 202 | 02 | ZadEd
A Lt | o | o080 | 8 | we 1264 | 203 | 02
Hil= | o | o080 | 8 | Ae 84| 203 | 02
Zgd g
Eie | - | - | - | A& 1828 | 176 | 27 | oo
A 23 2 Z2dg=
e | - | - | - | AL 020 | 173 | 81 | o lole
HolE | o | 030 | 8 | Ae 893 | 196 | 09 | ETz=ga
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ml;]f] e | o | o | 2 | Ae 1283 | 200 | 04
T olme| - | - -] e 2584 | 021 | 164 | Eezzua
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2. 25 ¥l A F breathable REE o] &3 &AXF MAP 7l &4
7F AT ) FE(ERE, ofguAl, viE, B2E8])9 BHF breathable € E& o] &3 &

2% MAP 7& SH4A 1F5@AL)

1) AL %5 EvEd H3e 25 =4 79
E A= EvE (cv ‘Madison’)

3t7] 8 AASAT. AT A
AFREE A= F4€ 25
A E 2F Loz ALEHA

getasl A FEE 20,000cc
20C AAolAE ojitsgA F
HA] 20,000cc 2E A lA 7+
20CoA AZe 21958 2549744 ZA F7hetded, 45 2EA
AgolA 71 Fdth EvtEY ‘%*é% 5T A% 2087kA EE A FlA vﬂﬂ%‘lm%
20C A% 5Y4AFE FFol7l RASHA FHol 543 dstHJUY A HF L &A%
AE, ¥l C, FE+ 20,000cc A2 FA Z+zF 956N, 16.31mg/100 gFW, 18]35 7°Brix2
Vg BA FAHAT. o) AAE B wf, 20000cc/m’ - day - atm A EFHEE A F
As 8ol 204 oY FAY FEoA HEF MAPE TAAZDL BZAHUT. EvtES]
A% FA Ui 7|ES gAY F4, AE, 2893 BEY AR ¥ & F e, EvE
o] 71& AR dFe F 20¥8 AT JhEsiy B AT E QA 59 oY ARZVIE 8 F
AE 7S AAFA

o oy o
N
N

A

= -
TEEL 14%9 %‘iz ngh 5C 7‘1;8'? E%}xﬂxﬂ o) 4k

g

gAY EhE MAA S H3
A FARGE, WA BEFE
]

tﬂ_i}%ol HAAo. AW o<

HU g

>—\'\"°N

[

F P 25 1) I
=30 | - 5,000cc . - ——5 (000ce
2 10,000cc £ 325 ' 10,000¢cc
E 5 [T =+70,000cc - = ,p | —20.000cc
3 § g |
s € 8 15 | AR
= an @ &
5 = g 10 | i
¥ () =—5,000cc | 4 5 |
3 5 10,000cc s £ 5 |
b= 20,000cC "‘-'?f u
1] 0 i ! !
¢ 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Days in Storage Days in Storage Days in storage

I 4 MYe’ BErtEY AR T MAP W9 7t& 24 W3 GTOA 204 AR F, 20T
A 543 AF)
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_g 16 ﬁsmm—i~
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(2) fre2=d ofguAlel] A3 HlHF FAE BES o8 MAPZD 11
~A Ty
AaFFHEo] E HEE EF5EY 1T, 8T, A=2(25T) A%
1C: 3,000cc, 5,000cc, 7,000cc, 10,000cc
8C: 3,000cc, 7,000cc, 10,000cc, 15,000c
25TC: 3,000cc, 10,000cc, 20,000cc, 40,000cc
* FE5H Z: Cont A% O =1,300cc @, Cont A% X= 1,300 @ (EA} H& £3)
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A 1TAHZREAAE 15% ©13te] BAFT T4 ES YEY, T8 &42 Qe 4
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ez 7 Stk AEFE S 1,300ccoll A 7 wkon, AFFRLY olH+= 3,000cc A
gGFAA b A FrkEAY 8T olitslet: FEE 1,300ccE A9 ym =] AT
A e FXE YEA R, A FEE 1,300ccE A9 YA ﬂ"/]:r“’ﬂ/q H] 25k A4t
A(4%el3h) FEE "}E]rﬂl%iﬁ} 8C A7t F 3,000cc A TFoNA =2 AFA HAs-E YUeEY
At AZFEAHANA dFAFHE b2 A 3,000cc A TFAAM 7HF lr'ifi °]-r4 skt 25C
A F olAste A FEE 1,300ccol A 7HE EL olade A FEE YL, Ak %
+ 40,000cc A= TE Adg WA M FolA H=3A ALk sE7F A FAHAG. 25T
A% F5dd dALFEFALA 1,300ccol A 7HE E %L, 40,000cc7t E (T o1FH Y A $- 1,300cc
o} 40,000cc A TNA 7HF A ed, SADEHA FRd 1,300cc (HEZTQ)AA 7+
Ao} ol A3z Hol ofguiAl= 1TAAE 1,300cc (NZ7D) 8CAAE 3,000cc, =
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L ey 1'(.:—2]-& _} v 1
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2% =4=_Cont-E Ho —S=Cont 2 B ol

== 3, 000CC i 7 D00CC ol ﬂ.il- El-i ‘
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Carbon dicsdde contemts (%)

Visusl Quality

=

Days of storage

Treatments

A% F5L A o]F (257)

I'.hm contents (%)

Days of storage

ol F

a9 56. A T2L A E opH A #(25T)
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(3) #5L5d vhzd Y NUF FAY BBL 0§ MAPEA 79
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Ao} B2 FFolE UEUAT.
AZs AT Aoe2 AZTT 1,300cclA 7HE @2 Aaes vEEoH, gE A9
o Aol FAA fFolAdL vk EI, BE A TFolA 12% W] HAES YEhlol A
Ha2 A% FEAF Aste %iii‘:} A% F5Y FEE, 10000cc AT+ =7 Bol

19, A AATAAE A4 A FAG 2 AelE meld Selth A a9 2
Ae7rke) Aol YEA @tk g 2AF @A EAE 1300cclA A BL

Moy 2
als l~>l of¥
ol

_53_



A4S Jeids, diA AeTre A253E #Ad g v Weh eyt A%
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a9 60. 5 AR T visd AAFT HaE, oiE gL, Ab4 Wk o W

(27T)

45 50
@ 42 - a0
i
z
g 3 - = 30
: s
% 36 E
H g 20 -
N
2
A 33 - 0 -
30 T T 0 - I ' ' - ' !
Initial  1,300cc  3,000cc 5000cc  7,000cc 10,000cc initial  1,300cc 3,000cc 5,000cc 7,000cc 10,000cc
Treatments Treatments
ad 6l E84 Y AR A Bk, FEe A FEY B, FE9 HH(2T)
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a9 62. A=QT) AF F5LY v oA

a9 63 A=2(25TC) AFFELY vise AH
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%
b
Hd

v A4 F 270 FE5AH, vluy, Al 1EFE)0 thd vl A -F breathable 2 ES o] &
Z MAP 71& &¥

1) $5LEH A% Aol AP WAF FHY UEL o 8F MAPEA 79

-7y
AaETgol TE BEL TR 8T, FL(Q5T) A%
8T: 1,300cc(t =), 5,000cc, 10,000cc, 20,000cc, 40,000cc, 80,000cc
25C: 1,300cc(tH ), 5,000cc, 10,000cc, 20,000cc, 40,000cc, 80,000cc
ARARE PFOE sl AFA TAW taz4 R AR, 3E 24, APNLF AAF

W3}, o] AtstEta, A TEWE Jdd sEHEE 4 T AF T5Y AR TR &3

A:ﬂ"l o =

% 7ago] wgou, RE & AATAA 15% olste Fag
B JEY A 71 T olitsEAa
o

F}A LG A oo AT
- o] Ak Eek 4 . - .
hyA (9 2N s ¢}
,u_D‘j i -L( C) %E(%) ﬂ’-L o) -L(%) ( BX) (N)
16.25+1.11 0.74%0.46 19.56+£0.48 11.24+1.44 25.99+4.09
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3.0

——1,300cc wHB UL S
=il 5, 0

E 15 —i— 10, 000cc

=

2

i 1.0

‘! 0.5

oo

e
]

-
-]

Carbon dioxide connents [%)
w

20
Days of torage

a¥ 64. B42(25T) A%F

5

4

2
0 + T T T T T 1

1,300cc  5,000cc  10,000cc 20,000cc 40,000cc 80,000cc
Treatmeants

{*e]

Wisual quality
b

a9 65 4=(2570) AR T2 a3 oF

g
9
ﬁ.
3

1,300ce 5,000cc 10,000¢c¢ 20,000¢c40,000¢¢ 80,000c¢
Traatmants

Soluble solide contents["Bx)

Initial

O9 66 A2(26TC) AF T A A =% A4

AT #2E&3 MAPWH 7t

-

aa

Ethylene contentsppm|
[¥]

Days of storage
20
— 16 {
z T
£ . e ¥
E B b__’_____';___._-—-—'—"‘I -Jr
5 - a
1] - .
a 10 20 30
Days of mtorage
Z/ s
olH

Off-odor

11T

5,000cc  10,000cc 20,000cc 40,000cc 30,000cc

1,300cc

Treatments

Firmness[MN]

Initial

1,300cc 5,000cc 10,000cc 20,000cc 40,000cc80,0000c
Traatmants

zo "



A T2 gBE F2L 10000cc A2T7F 7H wkew, o3 = 5000cc, 10,000cc &
Z AA 2AHERY. B AR A FA9 Hlasgle W A Folx 2 AolE HERA o
E‘.

Hastdon, LY oliksteA %"E% —rﬂﬂ?i ]ﬂ‘d Uz BRE HHF breathable 2
ol Hd 3&5x= 5% olstEs HAth o8t & A A% FF JIEe] He AR FF
o T HRe W A ATel AL AR 5000 10000 BEC] ATk BoET,
0.B
o= .300cc gﬂ% Eﬂﬂ
e —=-5,000cc il
z —a— 10,000cc __..--"'_--
——20,000cc - #
—— 0, 000cc

-2=80,000cc

Fresh weight |oss (%)
[ o
Pt L
!

0.0
12
Al A
% [ ) O] &t} £t
§
:
8
s
3
x
:
x
o

Days of storage

a9 67. A2@BT) AZFTA A AAT FAaEI MAPY 7t2xAd ¥ st
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A Hhtl Ag nAT T4 2g

o

o] &3 MAPZZA T4

AaFIgo] E HES TS F2(25T)d A%
1,300cc(th 2= 7), 10,000cc, 20,000cc, 30,000cc, 40,000cc, 50,000cc, 60,000cc, 70,000cc,
80,000cc

AZS AT F4E, 7t AL

AAZ 3R 545 A o]F A}

- A8
5UTHY AF 71 AAFT HAaES F3EEHERMAAN M =4 JEwReH, #39
Y% =2 olislgtr FEE UEHY. dEA vEE A% 349A §4% F7HE JE
T A 49AZ Holsn F4s gasrh
= Critrol == 10,000cc 50
—k— 20,000cc —&—30,000cc Ethylene
i A0, D00 == "50,000c¢
20 = 60,D00cc ——70,000cc a0 |
_ 80,000cc =
L1 2
= Fresh weight loss E 30
:T:I; E
3o S 2
5 i
Cos &1
0.0 a
gzu | 20
E _ Z
] = : - E 15
i ‘;s
10 - § 10
T a0
3 8§
g 5

[
L=
-

(5]
L]
-
w
[ =]

Days of storage

a8 68 A T AAZF 742 E&F MAP =3Y 2%
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%‘ 3
- e A ral w1 0, 30 0CE
2 2
=
s 0, 0000 =0 BO0CC ==i==50 000
3 e 01, D DOCE 70, 00ct BO, 000 7
' ) ' Visual Quality
[ (E—
a 1 2 El 4 5

Diwys o storage

a8 69. AR 7175 ojd@3t o]F s

AF A AV FAY s RE ALTFAN A% 30l AF 542 A= A
g9 lzel HE 34 o= wehgor, 1 F 20000cc AT AF FEA Y F
e B4 FAe Uit oAt A% FRUe] 40000cclA TP w8 A7 2AHLe
o, %% WEAN Y Ae oA et

AEE 80,000cc, 70,000cc, 20,000cc o2 JeEbdtl, mald oo AXNZE Bge u, vl
A
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1% Firmness

U B

‘ l

i
Jr—

Farmnais (W)
&
—

contral  10.000cc 20,000cc 50,000cc 40,000cc 50,000cc &0,000cc 70,000cc E20.000cc

Trealments

a9 70. A% FEY Bx v

99 7. A 22de vy 9B
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E
OH

k]ru]o] %‘" E U4 ¥ A F breathable &2 o] &3 AXF MAP 7| &
breathable E&°] mAE o4 EX: ZFF(AEF), &Fo] A (kg)e=2

Z‘—Hﬁxl% o]-&3te] HHET BF WHE gFAAMY MAE AYG 94F A

f
A%, WolH], FE vt

o AMdHe] MAPZA SH(AE i)

AR QY 4
=%0]

FTEXNZTH FHAAALABAE NN AL FFo] Botrytis cinereas =%
HH3 25 A& A3t PDA siA & AR&sto] #H%o] FHARE AFF
BAE BEARAFEFHE 1300cc/m%/atm/24hr ©]3HL ZTFRZ 34, 5000cc, 20,000cc, I
2] 3 40,000cc7}A] FFo] o] b5l tigk HAE Ao

KACLC N 40574

History < W.G. Kim (MIAST Plant Pathol. div.)

Tdentifier WG, Kim

Sourcn Lycopersicon esculentum|EDRE tomato)

Characteristics Gray mold (TS T0E)

Literature using the [solates [280]

Temperature

[47]
250




- 22Pd & 2012-2013

7h AR A R e A 7EA]

2 ARG A F2A] 255 7|FAE o83

- aT2H
AdF(a

FE75A

jo 2

A3

5C=® dy3t

-
1

g 74)

Mo 4
o o
e R
oz &
BR
7 ™o
w ol U
o & o
R B o
X
;O—IOJI
q}ou:w,_
—~~ X
HEOEW
Sy
T
AN
o 9o
g%w
70 Mo B
<Ry
® N O
Fo
Neooom
WO g
Moo
Mo
G
T B S
CRC
EWE_H,:L
o A M
J
u.ﬂo*
_,o_.mo_mﬂm
o i R
an_igmo
Eo@@;?

so
° A
CHC)
x B
wr/oﬂu
TN
"l 3R
N o
% W
= A
B
o}
T
o
do T
o T
ﬂmo
W
KO R
T
< o
T
T o
TN
5 N
3‘I
o
@
ol 1o
JEH
onw.mql
T "
= W
G
hR
W oo
oy =
'
,ﬁﬁuﬁﬂ
off " B Pn
T O W% W

105

100

o

-

(%) Aipnuny annejey

- [
o =

——Temp.

(9.) aimeiaduwa]

5l

o7, 148 D203

Date Time ( 07. 15. 12:03 - 07.16. 10:03)

a4 74,

PR
A

A
- AYAAY LHEVEAT AT WA AFLEAN AL 5647 BH ol

=i

LN

A Fol ANt Yo

9ol

Aol =71 Y& E271A

=z
=
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=9 T2l U,

A

- DT H)E 5TAA AHt ARLAA A 5 AY F G4 LFEISA

S @7 Tt G5

O =4 F 7 BRANEZ B AT ARQF 124 038) olF FLug

@ % 8No] BRAHC 4ud: o] /7 F FLo= olBHYCH, BFRAY olF F A

4 2EE 2CUSE Aeudy

@ EFAHANA e 04 3447 oA YFAE olgstel WARGEINPAA o5
AL 3 BN Lo w=2HRY FEolT B

SR v g gAl A F33] F718 A
2

—+—Temp. ——RH

Temperature (C)
S)
|
|
[

[
|
[

[

[
|
[
|
[
|
[
|
[

0715 1xr 02 07. 15. 16 02 07. 15 3 02 07. 16. 0O D2 O7. 16. 0 02 07, 16. 0B 02
Date Time | 07, 15. 12:02 - 07.16. 10:02)

39 75 RFeke AN ERAEE AR BAFAAA oF & L% W

A A
- AFAAY A3Fe AR E 2FEVSATE dE3 A AZECAAM HE 564
F REE 2EEV|EAY 257 48 F27HA "o Foll AAlgoor J=

] [}

tE E23 A BHstEs BAR 1240 o1 5T olste] AN wel HYL, BA
44 gewEe] Aol AR FL4sel vego, nyvte F4 AFLEd
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o slo] AAA EFAEZAE & A ey, AdA sxiA &

Relative Humidity (%)

o] AR A EFAEZAAE LFvhs 15T WA A3 of st



SHA(T™ 6= 2o MEXF glo] HAdHE 25=7]S5A% FA FAERE A
e S FAEH 2 T =FAH A4 flol AR A AAR o)

O AR M AE 2 Qo] ZAETHE F B AT Aol 24T AH(LF 124 038)
FE 2A1 kg A2 A 5=7R] 2% o] e

@ dEZY A F wisE AFsed, d2er 5

A (G FEHAD)N A 4473 sk F Jaso] tEe 8A7EA] 8:=olstellA W
w5t

=L 105

100

g, »
g

: £

El' 45 E

(DA eoicnswa =

B R ol R e o e o - i &

E 2

Eiﬂ a0 ?‘,

5 15
o 0
07.15. 12 D3 0o7. 15 1& O3 07.15. 20: 03 O7. 16. OOx 03 07. 16. 04: 03 07. 16. 08: 03
Date Time ( 07, 15. 12:03 - 07, 16, 08:03)
a9 76, 3] bAoA FHufF AR o]F F FE HIE (PAEHOZE olF)

A A

- MAX%o] 3% &2 HHQA FAZ A2AZHAAGANN 553 2=A357F e

- T8 2E#E o] A AA HAuA IR Aoz FFEtd FFIIF 128 F F

AAsE A bRoA A2 eE 27 533 Asdte 989 HEY dAdol

HES Ao 2 JAE

ojAte] Ay T Hol oY I v|HF BEOSE MAPYE 7S¢ dE9 &xwWzly 728 =

=9 Aol &35tE = J& AL AdAE. TYHY A2AA LA =gE=R Al e

Y 2 Wdg A F 2FHAo] o]Fojxof &
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271E 54

A ey 2d(E2)E 44 MAxX

® 1l 53y 20EE)E A MA =4
=53 A2 &
EvlE 20,000cc -
oF9IH Al 1,300-3,000cc 1,300-3,000cc
= 1,300-3,000cc 1,300-3,000cc
Abt 5,000-10,000cc 10,000cc
HpLbLf - 20,000cc
TEH G R) 5,000cc -
=3 A4 40,000-60,000cc -
Hlo]H] 2] 4 10,000cc -
Fan =y 10,000cc 20,000cc
lds 5,000cc 10,000-20,000cc
Gl - 60,000cc
@A 30,000cc 30,000-40,000cc
g - 40,000cc
Aol A 10,000cc 10,000cc
vy Aol A 10,000cc 10,000cc
Yy gk e]gt 40,000cc 40,000cc
EUE 10,000c¢cc 20,000cc
217 7,000cc 20,000cc
= 10,000cc 10,000cc
A 10,000cc 10,000cc
A= 20,000cc 20,000cc
78 A 3,000cc 10,000cc
HE 5,000cc 5,000cc
2 5,000cc 10,000cc
H 22y 5,000cc 10,000cc
2R o] FdF 3,000cc 3,000cc

40,000-60,000cc

40,000-60,000cc
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- AA AT BES A8 BN 41 D3l FelA] BAFE d=e] A A
Ado AL UNH A2 WA 93 AP AN

1) 9%

- Ay

b

7000cc 55 AHE3t B #% & Z7A(X 5lA 747 A%
TG 0g e, FHA) 482
AR A AT 727 Y= AT (Wet cooling)

5% AAF #AE FES AZF(Dry cooling)
A AT dag, oitgei/iah s 2 oA s sk 42 A%

AZFEL: A4, OH

s

E 12 29 #% 2% 270 BE AT oy 203 Ad L= 24

. } ) . Temporary .
Pre- Handling Packing Transporting Unloading Storage Selling
cooling condition
0-1hr 1-4hr 4-7Thr 7-12hr 12hr-7days
C8T 11T 8T 8T 8T 8T
F8T-1 11T 8T 20C 8T 8T
Wet F8T-2 20C 8T 20C 8T 8T
cooling C20TC 20T 20C 20C 20T 20T
F20TC-1 11T 8C 20C 8T 20T
F20C-2 20C 8T 20C 8T 20C
Dry DF8T-1 11T 8C 20C 8T 8T
cooling DF20C-2 20C 8T 20C 8T 20C
- A7
BAT Fae S2W3Ed #Agle] 20C AF AdT7F 8C AF AYFEY oF 48] o] 2+
288 HPOU, oF 15% MHOR FRALE AT FA Akt G Sk 439 oluse
2 AYE UL 262 8C AF ATE AF 71 12%9] FEE FARGTL, 0T A% A
T AR TEYA ¥ 5% oY F=E UHUAT. AR F5LY AdEA F== 8C AF AT
2 WA vEwen A mE ol veuA &kt 20T A% A7 dEd sEE F2
SE2(C200& AYF YA AgFe w%ed 2 F F20T-1 A7 713 w4tk 938 dA A
o2 8CAR AYF7F 22 A=E YA, olF< 20TAR A7t Bo] 2. d=dy
< AT Ay FEEF HE ‘%f?}% g, AlE R LE ZHNAE L5 ¥HEo &
#% 427l wol WAt LEWsIl 243 BB oAsus FEt wgon, 53 g
5 olitsteAoh e %EE A2 2(C20)e v ZA F7tste] £42 G337 S F v
I REEHAT mEpA, 25 ¥l g dd s fEAEd FEd F94E Qg
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40

A C == FiC-1

== F10% -1 i PR -2
T2

— -1

== CI0'C
m— D 20°C -2

Fresh W eight Loss )
Exhylene conc. [ppm)

——CET ==

-

Visual quality

B FAC-1 FEC-7 DFET-1 CQOC FIOT-1 FIDC-1 DEIOC-Z
Tiealmenli

CAC

BT FEYC-1 MT-2 DFEC-1 C20T  FROTC-1 FO'C-2 DF2OC-2

Teeatments

—— T i L] =30 )
—— R —— 102 —— L30T
==—DFRC-1 = DFI0T -2
1 2 ] 4 L] ] T
Davys of Storage

Haog, dd

DFRT.1  C30°C FROC.g
Tewwtmvants

Al

FAC-3 RT3 FIOC-3 DFPOC-3

a9 78 2R AN 43tE 9% 2o §5 2Ad ©E AF A TEHY 9T ojH A=
H) 1
io 10
BT == FEC-1 =—ir=F20T-1 ?daﬁ
15 R -3 — 200G -2 == C20'C
- FEC-1 e DR 20 C -2 E s
i i |
= =
_g 12
£ o8
8 3
[ E3
. . . ) ; . . oo
o L 2 3 s 5 5 - FC2 DFRTA €20 F0T F200C-2 DFI0C-2
Danys of Storage Treatments
a9 79 22 A% 943E A% B /% 20 wE 45 AT aFdx A U 2
= @4



2) 7HA

- a7
7000cc &= AHEste RO
FAE: 125g HEJ(E7HER), -’F‘Q/\]ﬂ' 44
A7 d]"ﬁﬂﬂ@m/sec 9] &3

i
Ay

L5 ZA(E )M 747 A

g7& ©]8-3F room cooling):

1. BAF 747 = A8 F(Wet cooling)

2. 5% AAZF #A2E &

AZS /‘Exﬂ% g, oS/t &

T8k A2l 5 (Dry cooling)

R g F= W3

2}

42 A=

z44 W& AT 4 =383 A 2= =4

Pre- Handling Packing | Transporting | Unloading Tgrtr(l)zgrgfy Selling
cooling condition
0-1hr 1-4hr 4-Thr 7-12hr 12hr-7days
Cl1tC 11T 8T 8T 8T 11T
F11TC-1 11T 8T 20C 8T 11T
Wet F11C-2 20C 8T 20C 8T 11T
cooling | C20T 20C 20C 20C 20C 20C
F20TC-1 11TC 8T 20T 8T 207
F20C-2 20C 8T 20T 8T 20C
]c)cfgling DF11TC-1 11T 8T 20C 8T 11T
- A7

AAF ZAhe 22WsEd #AIgle] 20T
9 ZAAEE HYgoy ¢ 06% \Tte 2 FEAAZE Q3 £
o] ojAsterA UL HYE 5%E 11T HeAg(FIIC-)E

Aol7t YA @ttt ARt dun 4% Agend ¥

o AEE Uit dzA4e T3F AdNEY R
eARNTRY odd 11T WeAPTA B Az A4S
10-12C H2 A 8Tel 7% =&Hol ALgss e 3
¥ 3 42 %30} Ft g0 A2 s £8o] I
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SC
A AF A eol

A AW

HMeA 7 11T AL TR o 26 o4
#4 Aske ydegA ko 7HA
Aelg A 11T A
FABAL, F11T-1 A7 20T A2AG 7= A%
7‘]'3}9151 A F5L o 5%9
F11C-27} 7b3 &4 et &3 ojfe 2=
A glo] FI1T-1 Ha 77 74 =

o Wz e

YeERA AT
Ao 7 Wy o]

Hetliie A% T8

i, 20C

o7 HAgdr

A 2



=§ 350 -

T 1) C =i FL1T-1 == FIOC -1
—F1T-2  ———F0T-2 =207 e
%nﬁ. —— -1 ]' z m—
= i 200 -
il:u l !
- - - 4
wa 150
- §
Eaz z- 100 -+
50 1
a0 W a8 = T ¥
o 1 2 k. & ® L] r CiixT Fiix<-1 FliT-2 DFI1T-1 C20T FE0C-1 FI0C-I

Treakomaivls

Duarys of Storage Days of Storage
O 80. 2R Y &3E 9% EY fF 2dd wE VA AZT AAFT BLhE, JdEd
FE, o NSRL BE 291 Ak FE W5
L] 5
i’ 5,. ?
T r:||1:|lz|:|'c|rjr;|-3c:'(= 0T FIIT-L e Area Fmea un:z FEIT.2  CHIT DFLEA T MET R FLIT FIOTE T DRLETH

a9 812 AN d4stE A% R fF 2 BmE VM AF FELY AH, olF ¥
A=

0 ——C11% —W=F110-1 —A—FI0TC-1 34

7days
15 - —11%-2 — 202 ==

’ P11 -1 =
2 ] £
s B
% i
§ £,
t §
-]
(W]

o

C1i7c F11%¢-1  F11°%C-2 DFI1C-1 CHOC F20C-1 F20°%C-2
Treatments

a8 8 2R e 2o W& X AGFTH A T A2 Y
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2. 253 WA F breathable BEL o3 &£X3 MAP 7l& &H
7F 27 uH FAF 8 FE50, 29X, A, g7, dEE, Ae, 2879, =79
gk B A F breathable €& & o] &3 AX % MAP 7|& &4

(1) =
T
A2FHEo] U2 AES FHFsY A2(@BT)e 4=2(20T)el A%
20,000cc, 40,000cc, 60,000cc

E3A9: 200g HA(ENET), 5 A1, FIA): 1089%2F
AZA P 3m/sec 9 T3S o] €3 room cooling 1247+
AdE AT dag, oitgei/ Ak sEst

AZE5Y: dEd %, 9, olF, 4

re
it

22

ZAP: o]4taletA/AtA FEE  infrared sensor (Checkmate, PMB, Denmark)2 7%
Jded F%+ gas chromatography (Shimadzu GC 2010, Japan)& AF-&3te] &4
A E=E penetrometer(DFT-01, tr, Italy)E AFE-3le SA
F =& pocket refractometer(PAL-1, Atago, Japan)E& A}-&

- 4727

oo 997 AFF WS AAFE 03% olWE giF, YAF gdol HE FA AsE e
Gk Wlel A CA ZAL 0-3%9) olshers, 2-4%) 4x old, Aol 5 olides FEE
206, A& 9§ 42 FEE 292 209 A% nERge 0, FeAYF FRIA AFF 9UA oAt
B FEE 20000cc7t oF 47%, 40,000cc7t % 3.0%, LI 60,000cc7t oF 16% AES] 43F LrEh
At} Ax BEE AR FRYAA BE AT 16% ol4e etk A% TR oYW 44
B 600007t 7HE RHpow), HIHLES F9 % BE AT HSW 44 AEY £42 1
Eiglem, o]t 400007t 7 Rtk AEE 20000ce. FES AS 60007t AR Egtert A
72 FAH Fo4e EntA gt

wetd, AAF BaFel 7HF AW, oAstRAG i FE A7 HEWANANA fAsow,
e gAdoR o9 PAFY UREst Be AdAERA oA9d FEI A SR 600007
dlel 3e ARA b ARE Ao waE,
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39 83 AR A TEAOLA) W o4&
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-— E-‘ —
u
%:-.2 : § %15
8 . g
£ 5 :
e 20, 0 00T

: 5 g
o1 -§ & 1 *-40,000cc
- —a—60,000ce
& LR

[} . 0 5

0 3 & g 0 3 & 9
Darys of storage Dage of storage

¥ 84 e B2 AT AT AaE, ojAdsgadd A = W

of

0.35 3 5
030 T
4 I F
g 0.25
— E L]
g0 E : 3
g =
[i-]
i 0.15 g2 E 2 |
FRR T =
o 1 1
0.05
000 S 0 ]
20,0000 40, 0o 60, 000cc 20,0000 40,0000 B0, 000cC 20,000 40,0000 B0, 000cC
Treatments Treatments Treaments

(<]

a9 85 e A2 AR TR JdER &, 9@ ada ofF FE(JB: 5-olF FH, 3-
=5, 3

BE, 1-o}F B, o] H: 5-0}F

am 14
I 1
. T T 12 i
T T
=0
= )
H 3°
15 a
E s
10 3
‘R 4
0.5 7
[(R] 1 ]
20,0000 40,000cc 60,000 20, 00cc 40,000cc &0, 000cc
Treatments Treatments

a9 86 WY A2 AT FEE HH FES TF=
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AAFHEO] E FEFS T A2(@T)e 4=2(20T)e A%
10,000cc, 20,000cc, 30,000cc, 40,000cc, 50,000cc, 60,000cc

Eel 1300g W67 F=ER), TIHAV] 18x+

AGA YA 3m/sec o £FHAE o|&F room cooling 12417
A AT Fag, odged/iAh wes Jd s
ARZEEY: 84 % olF AL FE

- 4743

HolA 7tEE B3 AAFAEE YhEA ¢ B HAF Breathable 2Fo] 2#:A MA Aol
U= Gl 3] otrizx E AFE FAIAT MA AFE 452 ALFHALET AR
2 1,300cc, 5,000cc, 10,000cc, 20,000cc, 40,000cc/m?-day-atmdl TES Al43gow, 1T,
8CE 7 4048, 181 F= (207) oA 9¥ &5t AFsAT. A T84
1TCAA <F 04%, 8C= <F 06%, 20C+E ¢F 0.6% v TS Yeldlon FEEAZ Q% F244
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EE: 860g W12/ F=ER), TV 128F5T
AR G¥AF: 3m/sec o WL o] 83 room cooling 12417+
AT AT dag, odgedd/idAh 55 dEd FEWS)
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- A74%

H| ¥ Breathable &) &9 MA ARl v X&= Gl tfs] golrux & AFE ¢
gtk B AFgAE  AHAFEHE7E 1,300cc,  5000cc,  10,000cc,  20,000cc,
40,000cc/m’-day -atm$l BEE A48, Perforated filme thETF= Fof 1TE 409, 8C
£ 35¢, A2 (200) <A 1085t AFstAth AAFT e MA A% Af++ 1CTE
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20,000cct 40,000cc, 20C el Al 40,000cc7t HAWNLYZE FAHAGY. oEd F=+= 1T 8T
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AaFREo] e &S At 1T, 8T A4-=2(20T0) A%
1,300cc(th &), 5,000cc, 10,000cc, 20,000cc, 40,000cc, 52 E(Perforated)
EZES: M0g N GMFSER), F52FEE, TN 1295
A P2 3m/sec 9] T3S o] €3 room cooling 12417+
AGZF BAF 2 E, o] /AbA, dEdl Txws)

35

2
AZTRL Vit C, 9%, olF, BE,

b

- a2
Aa FHEE thE24 3 B HF Breathable Eo] 7ZHel MA A Aol v A& o] o3
golr izt E AFE FIHIHAT. MA A AT AAF FALE&EL 47 1TAA 0.3%,
8Tl A 04%, 183 20CNA 15% v|§He] &S JEUgleon, FEEH4Z A% F4A
st UERYR] Egkth AR olilster s sE H9(10712%) FEHAE 202 1CTAH A
= 1,300cc$} 5,000ce, 20C A Zo A E 5000cct 10,000ccH 2, 8CAFANME RE LEo] F
AL ol el WE W A FEE 3% ol #FAEek d=d 8T 20T 1,300cctHo]
3% olattt. Ag == 1T 8TAAE A= 1.0 pl/Lojsts FAHQeH, 20T A
& 1,300cc9 5000ccte] 1.0 uL/Lol4s YetAthAd T899 =& 1TA 10,000cc
7F 7V XA, BE AT AZARTG & 62%0]d AP e, 8C+ 1,300cc7t A%
Aol ws] oF 23% st g ki, 20CE 40,000cc7t 78 kot x|kl vl <F
72% #AAsAT. G EE AU 27183 AR @3 JEda, 1T 10,000cc, 8T
= £ Roly, 20ToAAE F3EEAHANA 7HE =4 HEHZE
£ 33 gAY FZ2 1T 8ColAME 1,300cc, 20T+ FFEEANA 7HF =k oA+
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% 14 A% £z HENC, A%, 3%, A% 18w o]F A
(17C: 404, 8TC: 304, 20T: 20¢)
Storage Film Vitamin C Firmness Soluble solid Visual Off
Temp. treatments (mg/100g FW) (Kg) (°Brix) quality” —odor”
Initial 108.2+2.6™ 511+0.12 15.63+0.19 5.00+0.00 -
1T 1,300cc 68.9+0.2 1.79+0.28 15.44+0.11 3.66+0.11 3.09+0.15
5,000cc 42.7+0.9 1.69+0.32 15.22+0.10 2.80£0.07 1.71+0.11
10,000cc 41.0+0.3 1.99+0.34 14.07+0.54 2.51%0.10 1.73+0.11
20,000cc 85.20.8 1.66+0.28 15.04+0.18 2.30+0.14 2.69+0.03
40,000cc 71.1£0.5 1.05+0.11 15.60+0.34 2.14£0.06 2.88£0.10
Perforated 80.5+1.0 1.00+0.14 15.44+0.35 1.94+0.09 3.16+0.10
8T 1,300cc 54.0+0.2 3.96+0.32 16.02+0.43 3.48+0.11 3.50£0.10
5,000cc 80.6+2.6 1.62+0.15 15.88+0.18 2.92+0.11 2.60+0.11
10,000cc 51.6+1.2 1.07+0.07 15.92+0.19 2.44+0.09 2.92+0.12
20,000cc 47.7+0.9 0.64=0.07 16.14+0.27 1.00+0.00 3.25+0.15
40,000cc 53.7+0.2 0.85+0.10 14.62+0.23 1.94+0.12 3.71£0.15
Perforated 18.5+0.5 0.50+0.12 15.15+0.06 1.00+0.00 3.57£0.10
20C 1,300cc 77.8+0.7 0.96+0.13 15.47+0.28 2.32£0.09 4.00+0.30
5,000cc 55.6%1.0 0.77+0.23 15.22+0.30 1.71+0.18 2.16+0.28
10,000cc 45.5+0.3 0.75+0.14 15.06+0.29 2.39£0.15 1.17£0.18
20,000cc 49.8+0.3 0.57+0.09 15.55+0.24 2.170.12 2.16+0.37
40,000cc 43.2£0.6 1.42+0.21 14.55+0.34 2.350.18 1.16+0.15
Perforated 54.9+1.2 0.47£0.08 16.67+0.44 2.71£0.18 1.57+0.20

* Visual quality was measured that 5 was fresh condition, 4 was good, 3 was moderate, 2

was bad, 1 was most severe; unmarketable.

Y Off-flavor was measured that 5 was most severe; unmarketable, 4 was severe, 3 was

moderate, 2 was traceable, 1 was little, 0 was fresh condition.

* Means * Standard Deviation (n=7).
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AAaFFHEO] T2 HES 24 83T 42200 A%
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EFE: 1020g WA FEER), FIA7: 29F5¢
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. Film . Firmness Visual !
Cultivars conc. (mg/100g solid (k) vality? Off-flavor’
freatments (/o) FW) (Brix) a
Green 5000cc 0.87+0.12% 29.60+£553  1258+0.77 0.54+0.05 3.1z0.1 2.7+0.1
kiwifruit 10,000cc  0.53+0.13 21.20£055 13.28+0.82 0.54+0.05 3.0£0.1 2.7x0.0
20,000cc  0.36+0.08 2041+1.73 135520.62 0.58+0.06 3.9+0.1 1.5+0.2
40,000cc  0.38+0.07 2411+1.63 13392054 0.59+0.10 2.8+0.2 1.5+0.2
50,000cc  0.27+0.03 26.00£152 12778070 0.41+0.06 3.3¥05 1.3+0.1
Gold 5,000cc  0.36+0.03 18.16x0.40 16.02+1.38 0.36£0.03 3.9+0.3 3.610.2
kiwifruit 10,000cc  0.44+0.04 21.16%1.96  14.69+055 0.44+0.04 3.6=0.1 2.5%0.2
20,000cc  0.45x0.05 19.14+083 1517066 045+0.05 3.5%0.2 2.920.0
40,000cc  0.31+0.04 1747153 1498+054 0.31+£0.03 3.5%0.3 2.5%0.1
50,000cc  0.43+0.05 17.07£1.22 15052054 043+0.05 3.7x0.5 2.4+0.2

? Visual quality was measured that 5 was fresh condition, 4 was good, 3 was moderate, 2

was bad, 1 was most severe; unmarketable.

¥ Off-flavor was measured that 5 was most severe; unmarketable, 4 was severe, 3 was

moderate, 2 was traceable, 1 was little, 0 was fresh condition.
* Means * Standard Deviation (n=7).
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£ 16. 1879 =719 A2 AF F2LY A2 v%, 9, 2

EEUEE
Cultivars Ueftgln;nts Eth}?/%}ef gonc. 501?%;;)0 i Visual quality”

Green 5,000cc 0.37+0.09" 14.56+0.39 3.1+05

kiwifruit 10,000cc 0.71x0.09 14.07+0.29 3.4x0.5
20,000cc 0.48+0.11 14.67+0.42 3.1+0.2
30,000cc 0.42+0.12 14.41+0.83 3.1+04
40,000cc 0.24+0.03 15.26+0.68 3.2t0.5
50,000cc 0.37+0.07 14.56+0.39 3.0£0.3

Gold 5,000cc 0.24+0.06 14.64+0.94 3.5t14

kiwifruit 10,000cc 0.19+0.07 15.04+1.30 3.4+0.8
20,000cc 0.27+0.05 15.51+0.70 3.0+1.2
30,000cc 0.36£0.05 14.13+0.36 3.3t1.3
40,000cc 0.17+£0.03 14.91+0.35 4.3+0.5
50,000cc 0.35+0.02 14.20+0.68 2.6x0.9

—

? Visual quality was measured that 5 was fresh condition, 4 was good, 3
was moderate, 2 was bad, 1 was most severe; unmarketable.
¥ Means * Standard Deviation (n=7).

Green kiwifruit Gold kiwifruit

9 111 8T AZE Zd71999 227199 HFEAR
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o sHE7] vl AAF 1270 FEEIE] WA, vy AlFo] WA, vy stxEst, 2uE, A
A, g, 74, ALUE HAA, vy B3 A, 22F2])9] H|HF breathable 2 &S
o] &3 A¥X % MAP 7|« ¥

(1) Aol HA

- A7
AAaFFHEO] T2 HES T 12T A=2(25T)d A%
5,000cc, 10,000cc, 20,000cc, 325 (Perforated)
EAel: 310g HAl@2 Fo2R), TIEAI 48xE
A P2 3m/sec 9] T3S o] €3 room cooling 12417+
A AT dag, oigad/ih s Ws)

AAEFY: JdEd s oH o]F

- A7

12TColA 743 AZF AT Zhse F3L€5S A UmA Bds 252 1% v
o2 AAFT A= 9 FEAS B2 UEhA dked, #¥EE AdTe A 85
of o 5% A& #ALE&S YERT. olitstes s A% AF F43 Tkt AR 1
dA EE AYT7E oF 18% oo AeEE YN, B 44 sEE AR A% §4
8 Zaste] 5% ofate] AFeE Btk AF 5L JdE FxEE 20,000cc7t 7HE ERL

o, 2182 10,000cc A &7xto] AEAJ 0l A ZAE A olF = 20,000cc7t 7HE W3kt

i

12°C

¥ . E= —= =
% ; ) i )/[_ j":-_"","“-=l Eii —
E - Wi _'___.-"'-.- | ! = I.g'- * E
il [ .-_-__.J i II.II E - |5 Do
] i . " . ‘lh.:""“,-“'.\. 3 & i, : . N N 3
_ 127
3 i : ' |
i | i _ } [
¥ 1 T ) - 5,
el o e ool g s

a9 112. 12T AFSE Afo]l HAY AGFs AT T4E, LAY ojitstet s
o AA =EWHE A FEdY JdEd &, o g3 oF vl
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23 114. 25CoHA 797F A A3 o] WAl A 2rde 9
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(2) HY AjFo] HA

- A7
AAaFFHEo] TE HES ¥ 12T A=2(25T)d A%
5,000cc, 10,000cc, 20,000cc, 3-2 & (Perforated)
EFA: 240g NA(FEET), TIANI 489xE
AR G¥AF: 3m/sec o £ H-E 0] 83 room cooling 12417+
AT BAT dAE, o Asei/ A = W

ARZZERY: JdEd s oH o]F

- AT2

oy Ajgo] WAl =
Yox] vHE 5L 1% "] v 7}
A w7 E A S F4T o4t
Uof oA FEE 20,000cc7t 7HF gk

St A2 AT BAT #Fagd A TR

lo
)
o
C
)
$)
=
>,
]

©,
)

flo w

oN

_IC_>|_
7 wgkon, @} o]HE 10000ccl F& FEES UEANUTH wekA T

s Y
AP HAT DB B 9B B oF AES 5l 10000cc] Ao2 Beke)

— 'E.':
rE g 18
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3 ) d
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: S0 H
E § §
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] i 4 5 2 ] '] 5 B o 1 5 i
Darys of storage
4 3 5
o T 12.(:

Ethylene conc. [ulfL)
—
- ===
.
Visal qualivy
Of-Aaver
—
.

3
= '!"r

i | I |

(] o o

5,000ce 10.000cc I0,000cc 5 B0 10,0006 20,000e¢ A g

Pariorated 5,000 10,0000 I0000cc Perforsied
Treatments
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Carbon dioiide cone [%)
» =

* Days ot stocage ©

o i
5
]
! I
1
(]
5.000c 10,000 20,000cC
Treatments

I 116. 256C AF® vy AFol A AT Ax
&, 98 283 ol A

Wisual quality

&

25°C

7T

Feifarsted

39 118 25°C AT vy AjFo] HAe ofa
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(3 "y =7t

~ ATEry
AAFFHEO] TE BEFS T 12T A=2(25T)l A%
12°C: 20,000cc, 30,000cc, 40,000cc, 50,000cc, &-ZE(Perforated)
25C: 30,000cc, 40,000cc, 50,000cc, 6000OCC, 82 Z(Perforated)
FAE9 105g W67 F2R), FF , TFHAV 48xE
ARA JIAY: 3m/sec o ¢FHS 1%??_ room cooling 124 7F
AT BAFT HaE, o Astes/As = W3t
AFEEA: dEd 55, &

- A7ds

A7 1209 5T 797 Y HTAAE AFHAL W, YAF 4L F LE BT &

95 A Yol mAT BEL of 2 vine] 448 UHINT, #FUBL T £
%@ A% 3 ez o

s

= B 9 5% ol ZAES oy AAF Z4E 9%
Aste A FEE 12T A% AgTte 50,000cc?t 7 @A,
7} 20,000ccét 30,000cc AT FFY o] itstekai %‘—EE o 1.6% U]”P-J %
5!

% w99 =S

ehii, F 220 BE AYTOIA tha e olisiEk FEE nYT Ak FEe F%
T ew BE AUP 198076098 $EE GehigE 4949 79 o FAE a3
& E4S §A319] 12C A ATFE A% DA, 55C AF AATE 15IAN Tkl

qed = AL FAEGET 8 FEE 12T A9 30,000cc, 25T 739 50,000cc”}
A T7E P gtk HEAES B3 e 1208 5T A% AT BT 40000cc7t 7

=9k old @ FHo] 7P 3E Y 40,000cc7t PIY et Al Age Ao
2 dddh
i 12°C-30days 25°C-15days
e .
: _
. B SOm: B0 8O L 50,000cc ' 30,000cc 40,000cc 50,000cc 60,000cc
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i- Bl r]
.= 3 L]
:
o "
20.000cc 30 000t 40.000cc 20.000cc Perforated L Ta e ot 40 D000 50 000 Perforated
Treatments Teeatments

a9 119 AR FELY LA =9 i Bl
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(4) BUE
- Ay

12T A%

el

AAFFHEO] e HEFS T A2(12T)F 4=2(25T)d A%
5,000cc, 10,000cc, 20,000cc, -3-4 & (Perforated)

G &g WY, FF , FIANV 485

AR G¥AF: 3m/sec o ¢EH-E o] 83 room cooling 1247+
AT BAT dA4E, o Asei/ AL = W

AZEEY: AL 5%, 94, o

A7
SUEY AAF GAEE #F DES AYY Ui NPT BF BT 05%
e

s
e A ES HYoH, XY o]iksiera A% F5del 10,000ccst 20,000cc7t oF

28%9] FEE YRt A% F2L9) YA FEE 00007t M B SAF &
9

4L s,

U

Fresh Weight Loss{%)

Ethylene conc. [pLfL)

a

alL

B 10000cc7h 714 EFem, olFE LE AT} Be AFEE e
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i 5, DO C == 10,000cc

z N
g £
3 w
&3 g
E E 1o =1 000CC
g &
&0 == 10,000c2
-
- 5
1 w10 000 cC
o o
Q 1 | a 5 L] T
-
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4
z
- §:
;’ =
i 5
=

& = [ 4

L] L]

: | 3 x T

| | | I I
=] a [

5.000cc 10.000cc 20,000 5,000c¢ 10,000ct 20,000cc  Perforated 5.000cc 10,000cc  20000cc  Perforsted
Treatments

g 121, EYUE A212C) AFFT AT HLE, ojidsdr Fxe AL vx W3, 1

A T84 LA Fx, &, oFH
26Tl 793 AZg 2HEY AAT Z4AE2 AT ZFY ¢ AT TEL o 1%
A BolW AT AA=R 4% FF At AL WA dked, f8dFY AF o
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%E Be F2%E B4 A% AY9 U902 A7 TR olBsBL FEE 20000
MY o A% FEU  Se SRR Uk Ee FAE drged, 494 b

£ 20000cc7t P HROH, AFe BE AT/ va e 23 ARE By, AL §F
Bgol 1Y Eko®, 200007t /Y Ikeh Wk 1208 A BN i EE $AEF
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=
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N
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TEYY qEA s=9 o, o

e
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FaFIso]l e BES TAst A2(1270)3 F=2(25T) A%
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AN 104g Y, F5: , T 4EFE
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Fresh Weight Loss [%)

1
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a9 124 AAY AL AFZT
g 5=, od, olF Al
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null
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-32Pd = 2013-2014

ZoAdA] &4 T 93 F BEHFY AF 7
ALl tl 3B/FEE e e AAT 4y “2. FEW B HF breathable 2E& o] &
2X7 MAP 71897944 A9 Aoy, £ Fox FEE ¥ MAZAT 71&350
3BEE 3 ZAE H|HF breathable ZE F % Z2dE2 Y<E3td, 1,300cc= 1t
E(AR), FHA(AL), 3.000ccE FFF(AAAN-A &), FAAMN(AL), 5000ccE A
A (AL), BEZFZHAR), FF(H&EE), dHAR), AHALR), &7 (AL), 7,000cc=
AZ(A&)o] AFsit. 10,000ccE AACTR), FH(A2&LTR), EHEAL), #WolH i
(AL), BE2Z (L), FAA2&LEE), 3BAER), FE(AHL), d70FR), (A=), Az
(F2), ATAHLR), TFHEAL), HUHEAFIHA(H2&ER), FHZNIR(AL&LE2),
20,000ccE EYE(CERE), ATUHE(H &), AAHCEE), (L), v (d2), 18&
ZEIIH(AR), Feta (), FZHIHA L), EvtE(A2)S X371 A 3t
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@
=
S
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o
(& BN ol

® 17. 4 MAP =3 #HEE =7 %)

T =5 A=(87) &-(207C)
FFF(1dm o) 3,000cc 3,000cc
78 3,000cc 10,000cc
e 5,000cc 5,000cc
A 5,000cc 10,000cc
=3¢ 5,000cc 10,000cc
27 7,000cc 20,000cc
o 10,000cc 10,000cc

SRR N

R 10,000cc 10,000cc
EUE 10,000cc 20,000cc
wopu] af 2 10,000cc -
MduE 20,000cc 20,000cc
Al A A 40,000-60,000cc -
A A (2] 40,000-60,000cc -
Al A 80,000cc 80,000cc

30,000ccE @A (A 2&E2), 40,000cce MBAL(AZ) v £F ARALAR), AT
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# 18 H4 MAP =4 #¥EEF 7 79) (AH)
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Aol Al 10,000cc 10,000cc
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3} ) vt - 20,000cc
71 €}k A5 10,000cc 40,000cc
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3} ) 7} 20,000cc 100,000cc
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AL} (21413 o)) 80,000cc -
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Ao A& PN FEFAA SFEH dEd FAH aEa odd APE 1
CAZZA 92 COz 0: 3€HH7} 7|E€e Bud FEEL & o FHSAY. olF ZFEY 7
S Ao A& dtry FEGA BuEHJon, A F2oz AHIH FER
g o d HAFY AL 1 HAVE Wi e, 53 Aol AL AELS Olnl/kg/hr
otz §r] HYow, e FAEL HHE 100n/kg/hr o]F o2 ®7|FHo] MAAZ =d 7
ol o] &3r)dl= FETF AT £F F AGA FEREAR QAT AAFT FA Y JE&FS
ZHo] A3 GAFY BF HFEE 50%°l5tE YEtH, FAFl vrs) g 24& 7Hd
HJA-FAAF T 50% o3 2 HAEE A& A gAY eE FEAY T F4 A
dtol dojdt.

ol W TFES AEE AGLEE YA X Ho olF Ed Ao HEEAr) 4
= Rde FAE9 IFEH AZAE < 259 A f5dE HAFH ¥HAFT
breathable 4239] ’\}i—'uz—J"’JrEZlﬂ 3] 7 B3 BANS Z2ZASC)E 2AE B AL

A AA ZEFD FE9 P EFHFHA, 9F)E AAEA

A MAPZUE A2 222 yU¥ o dHolgssix

o]F IZTFEC HIE 309 FE9 #E dHeR IAEAME T ZFEH HAITF
=2t BAAH ZAAFCE)E AT AT ARZASE A
B4 ER(HA, 974)2 AAsAH

ol

|

. o B fﬂ%—
- S5 E ]9 E) COz2 Oy Ha
FEOEEW 0 eE (meCoy  aad  dFEL A S5g g8 g
kg/hr) = [¢] = az A4l Hﬁ]—ﬂ ‘ﬂd%’% ’5‘1—%—‘%]3
(%)
Fd=F A2 11-20 2-5% Oy 8.0
< 0. | =2
(aage)) Ae 2530 < 01200 o co,  F
4 74 Al A > 100(20TC) =&
[e ) }\o]—% =]
2 .
A Lo > 100(20C)  HF
O =
AL 16-18 1-2% Oy
Ha== ] o 0o
-E _—E—EE] }E)],_‘Q: 140_160 UHT %\3 Ry 5_10% COZ 10% 1% 40
A F 472 Z| & 14-17 < 0.1(20C) = 3-4% O 5o 30
A 35-44 : e 4o5% CO, oo
Q.
o A > 100(20C) =&
e v
.. A2 1] -
A e 58
A2 110 7-10% O2
Al =F % nj] - KR l‘-_:% )

Z+Z: Technology of Postharvest(http://postharvest.ucdavis.edu/producefacts/), site
Kays J. Stanley and Paull E. Robert. 2004. Postharvest Biology.Exon Press, Athens,GA.

Kader, A.A. 2002. Postharvest technology of horticultural crops. 3rd edition. University of California,
Division of Agriculture and Natur esources. USA.
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£ 20. =¥ =% ¥ A 54 - AL -4 7, 7E

A5
BEE dRd co. 0, @&
TR OFEY X meCOY/ WA 0 cAxd H% 8 AHd)
kg/hr) (uL/L) wE Hel HEY 8
(%)
A2 16 0.5% Oy
v ul-$- S e 10% 1%
5 xe 20 I 6-10% CO, ¢ 7
A 35 3-21% Oq
A e 15% 1%
A A 132-158 i Y 5-15% CO, ¢
A2 2-4 0.1-0.5 3-5% O:
Tt ) =e 7P 8% 3% 133
e 10-12 (20C) 5-8% CO,
e 17 1.5-2% 0O» s
o - N o = :
Arh e a1 2-4(0C) =2 0.5% ol  0.5% o 7.5
COs
A2 3-5 uf] 9 5-10% O
nae <0.1(20°C) Hj P 5% 5%
A 10-15 =S 0-5% CO.
2] & 3-5 w5 5-10% Oq
IR <0.1(20C) 5% 5%
=+ e 10-15 =S 0-5% COy 0 0
HEAE g A 109300 012030 25% 0.
I3 7 A4S 20-70  03-10(20C)  ° 2-5% COs ’ ’
7€ 4 3-5 W 3-10% O
P <0.1(20C) Hj T 10% 3%
e 7-12 =S 5-10% CO,
A2 1-4 1-3% O
ol 1-300C) =9 "% 5% 3% 5.9
Ae 10-15 2-5% COq
"""""""""""""""" qe 57 Ao%o02
719] 0.10C) =& ’ 5% 1%
Ae 15-20 3-5% CO2
A2 15 1.2-1.5(10C) 3-5% 02
EntE v ’ 2% 3% 7.0
Ao 35 4.3-4.9(20°C) 3-5% CO2
A 34 2-5% O 7.0
g} 2] 7F e = 2% 3% T
e e 18-20 2-5% CO. ’ NS
A2 3-5 o
5-10% O
CRIRY <0.1(20°C) Hf P 5% 5%
e 11-17 =9 0-5% CO.

ZZ: Technology of Postharvest(http://postharvest.ucdavis.edu/producefacts/), site
Kays J. Stanley and Paull E. Robert. 2004. Postharvest Biology.Exon Press, Athens,GA.

Kader, A.A. 2002. Postharvest technology of horticultural crops. 3rd edition. University of California,
Division of Agriculture and Natural Resources. USA.
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2. Z+E ¥)HF breathable &5 |83 AX 7 MAP 7|84
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= ? +—40,000cc —_ = 5 B = 20.000ce
&, | ——80000cc l 3
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Fig. 171. Changes of fresh weight loss, carbon dioxide concentration, oxygen concentration,
and ethylene concentration of cut alstroemeria aurantiaca packaged with several OTR
films and perforated film stored at 20C. Vertical bars represent + SD (n=10).

A TrAY €7 AEs BEE AT 27130 v& Zasda FaEd mE Azt
o] Zpole UEYA Fskth JEL FFLE 3¢ MAAYTF 3,000cc2EH 54 MAATZF
FreadEel Utk JiskeEe FAYY F3EF AT P =393, 2ES NS ’z}%
H A& W £ddo] AEAY H3lste Afgtec] EolEs AEFe B M3EE==E M
AZA 2 Aol dagle]l OTREES A&FHA} 225 2 4FS 2o 239 F+4
=& 3¥ MAAZA A= 3000ccs F+3EF, 5¢ MAARAZHE weZF°l 7H &3t
oj’gel A#E F2M JPd dxE=d ol At MANZAD= A3t AAZE
=¥ ¥ Bioy, dieyel 2 S vAAE Xie AoE gadn.
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Table 21. The firmness, leaf chlorophyll content, total Chlorophyll, anthesis rate, flower width, and water

loss rate of cut alstroemeria aurantiaca packged with several OTR films and stored at 20T for

7days
Date of Firmness chl(])f:)a:)hyl Total Anth((e;:; rate FIOWZ:;;VIdth Water
Trt. of stem Chlorophyll - - loss
storage 1 content Stor.  Final Stor.  Final
(kg) (mg/g) (ml)
(SPAD) day day day  day
Initial 34 £ 02° 8.69 + 1.18 0 0 0 0 -
3 days 3000cc 30 +£01 376 +28 757 + 184 60 57 2.0 32 157 + 338
MA 20,000cc 27 + 03 302 +55 641 + 1.05 2 71 44 22 79 +27
40,000cc 29 + 03 314 + 34 597 + 1.03 100 93 5.2 29 71+19
80,000cc 32 +05 333 +26 530 + 145 100 86 49 28 69 £ 12
Perforated 3.3 + 03 326 £26 623 = 1.07 100 100 5.4 63 141 £ 13
5 days 3000cc 32+ 06 305 +57 614 217 57 14 24 09 63 +42
MA 20,000cc 31 + 03 268 + 53 550 + 0.95 36 36 43 20 33+£13
40,000cc 26 + 04 291 + 45 480 + 0.99 50 43 4.6 23 31+13
80,000cc 33 07 269 +£61 515+ 093 50 43 47 27 46 £ 34
Perforated 29 + 04 310 + 1.5 554 + 1.02 100 100 6.1 63 149 + 0.6

? Mean t standard deviation (n=10)

(2) H]AF breathable 2E0] 23 Folx o MA AZA uxE= 9T

- A7y
9% g AelE Handaeri Gom-chewi(Ligularia fischeri var. spicifoprmis)E A}-&3}
o AolR=E 7}FEAY. ALFFHEV 4V g2 BFor ¥ AAse 71T(10,000cc, 20,000cc,
40,000cc, 80,000cc)ol Al 90¥, 20°C (10,000cc, 30,000cc, 70,000cc, 100,000cc/m?: day - atm)el A
208 5¢t AFsRoeH, dolA 7FFHA 2 PPEE(1,300cc)S HETFE o H|m3FH T
Xﬂ"o*z AAZ Zas, L3N oises, Ax, ddd 728 ZAEI oY, A TEL
%, pH, A%, &, o]FHE SASA.

- Avaz
AAZ Bhke T emel 1000ke DF0) 205005t G2 F ol AATF 2 3
dehigt "E EAW olstes FEE AT/l Y EEE 80,000cc(7T)sh
100,000cc(20C)E &ol 7Hd @& 47 20%% 64% WY +x& B §Haf, dixT+= 4
2ol A3 3%, ALAAE 15% o¢ £& o4HBs $EE B TAAT} $Fo] o
2 @Xol dvest Ad sRe 2T 25%((7TC)% 08%(20T)= A3t g
AL 94 QAL 4L AR5/ H3 AL AFO3- LT/ A2

—{n
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Fig. 172. The Changes of fresh weight loss and
gomchwi jangajii packaged with several OTR films

represent + SD (n=10).
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Fig. 173. The Changes of carbon dioxide and oxygen concentration of Handaeri— gomchwi
jangajii packaged with several OTR films stored at 7C and 20C Vertical bars represent =

SD (n=10).
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Fig. 174. The visual quality and off-flavor of Handaeri- gomchwi jangajii packaged with
several OTR films stored at 7C and 20Cor final days. Vertical bars represent + SD

(n=10).
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Fig. 175. The firmness, salinity, and pH of Handaeri- gomchwi jangajii packaged with
several OTR films stored at 7C and 20Cor final days. Vertical bars represent + SD
(n=10).

- 147 -



A TEAY F3o] TAFEE F 259 10000cc ZEFS AL ZE A TASA
i, AAFRE7E Fobgdd mek pHE S7H8IR L g Rotalth =9 olfe F 22 2
T 10,000ccE &) 8 Z2HAE B o ZAE FEHEF, 10000cc BE2 AHIT
MaFREE dd TRAAT FEo] 22X ¥ ¢3¢ FHE Hol ddg =3 AFl 4

U

e Aoz AuH

¢

ml

;19 176 =3 11'0]-79(]4 x]z}_z_gg___]

(3) Aol ¢rER Mol H3 ¢ HA= IF

A
Aegs Bt AulE 'Meribel! EF9 SAEZdUEolE 2T 6A17FEQ o4
F OTREE XF3te 1497 AFEA. MAAF| o] 83 HolA 7}F OTREE2
327} 3,000, 20,000, 40,000, &3 80,000cc/m*day-atme] Yo, WEZTZ FIFIESL
&3tk AT F 109E22 g3 1HEo = 3%0E F=d 2C AF 54 £ 5
HA F2o2 A 50ml FFHRF7E B FRA ¥o FHFEELR FE AFE o} 99
HASFAL YA 5L 2T A 104 Fo] A20=2 A JA| 22 A 493
#a At BAT FAE, THYW dU|EA, dE2d v2E SAHSIL, MAASY F
w7lc @%H 29 TASR Asted ARFEE dotiy] AR AFE AT MA
A2 B FELAUAD €719 A= do 54 FFE ARG

ox
rlo
o
ol R A g 2 B W

2

o

- 148 -



o
o

-+~3,000¢e S s

&-20,000cc

40,000cc

=—=80,000cc
—=ferforated

-a-20.000¢cc

LT —
«40,000cc | //kr_._ [
—B80.000ce f_,_ﬁO'

(%]
un

b
in

[ %]

Fresh weight loss (%)
-t [ L¥¥)
Carbon dioxide Conc. (%)
(FT)

0 e

20 B =

2 \;:a_-..__—r_ T or———10 =a=3,000cc

T -#-20,000¢e
_—+____'___*

,_.

n
.
=

,_.

o
w
o

=4=3,000cc

=20 000cc
&40 000cc
—=80,000¢cc

Oncygen Conc. (%)

Ethylene Conc. (pl.fl.)
5 b

o
=
=]

8 10 0 2 4 6 8 10

2 A 2
0 Days in Sm’%age Days in Storage

Fig. 177. The fresh weight loss, carbon dioxide conc., oxygen conc. And ethylene conc. of
alstroemeria  packed with several OTR films (3,000, 20,000, 40,000, and
80,000cc/m’-day -atm) and stored at 2 terms of storage(2°C 5D+20C 9D, 2°C 10D+20°C 4D).
Vertical bars represent £SD (n=10).
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Fig. 178. The flower width and anthesis rate of alstroemeria packed with several OTR
films (3,000, 20,000, 40,000, and 80,000cc/m’-day-atm) and stored at 2 terms of storage(2C
5D+20C 9D, 2C 10D+20C 4D). Vertical bars represent +SD (n=10).
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2RHAFIYAE AoldE FAAR FIAHL AT MNFE&LE 59A4F A TN MAAS
Z 2 A E 40,000cc7t, AL BBAEEUE 3000cc® 20,000cce] =%k, 108 AF = g Fol
e MAAZ FE2A 4+ 40,000cc7t, A2 RAFadols ZE A FoA 100%E B A
ool AxE Fsd, 2ToA 5¢F 1087 MAAZS & A% AZFT T3 dEd ¥
Tt g3 AL B 2 3 EL Wy, 7] AR, 49 9454 283 AstEo] A FAHA
d 20,000cc(5€ A7) 9k 40,000ccE EF(10L A ) o] d2ER ol A2 MAA ] A3e A
o2 AU
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Table. 22. The firmness of stem, leaf chlorophyll cont. and total chlorophyll cont of
alstroemeria packed with several OTR films (3,000, 20,000, 40,000, and
80,000cc/m*-day-atm) and stored 2 terms storage(2C 5D+20C 9D, 2°C 10D+20C 4D).
Vertical bars represent +SD (n=10).

Film Firmness f | ot chiorophyll  Total chlorophyl
Storage term stem
Treatment(cc) (k) (SPAD) (mg/g)
Initial 3.8+0.2” - 8.6+1.1
27T 5D+20C 9D 3,000 2.7+0.3 30.9+£3.8 49+0.5
20,000 2.8£0.3 37.8+4.5 6.910.6
40,000 2.8£0.2 30.6£3.7 4.60.5
80,000 2.5£0.2 38.2+3.3 6.910.8
Perforated 2.6+0.2 31.0+1.9 4.7+0.4
2C 10D+20T 4D 3,000 2.8£0.5 37.3+2.9 6.910.6
20,000 2.5£0.3 33.6+3.8 41421
40,000 2.4£0.3 38.0£1.9 7.2+0.8
80,000 2.5£0.2 31413 51+0.3
Perforated 2.6£0.5 371434 7.0+0.3

Means = SD (n=10).

2T -1Ddays{MA)

a9 179. €2EZdu o}l o ¥ AL2AF Tade 9F v
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Oxygen permeablility (ce/m?._day)

=

9 206. A AF A gEd 25 2UAA FREV o2 2RA W A4 FA A
Xi 2% 5CE 9FY7A AZE 34, ﬁ‘il’—‘%zi %o A 2 A= AFPHAE g A &

= 10ToNE zﬂ%ol Qe 9lE 10,000760,000
cc/m>day EZAANAE A% Fee F3addt AF L5 I5CAME AT g IFAE
100% ﬂ»‘lom g ste] Aol %7}?}&0111 10,000¢+ 30,000 cc/m’-day EFANME A4
Bl7} 58 W 60,000 co/m’-daye] ASolE 25% o] @Al B Aslyt AP A
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5117} BFstATH(aE 207, & 24).

60,000 Oxygen permeablility (co/m? . day)

a9 207. A% 9F Fof 4t

F 24 A 9F F9 A4 EH

0 ce/m’-day 10000 cc/m’-day 30000 cc/m’-day 60000 cc/m’-day
5°C HEjg= el = Hejg= HElE=
10°C 50% &2o|wd HEP= Hejg= HElH=
15°C 100% & O E (3= 7h HEIH = HElH= 25% & 0] wl, 25% wal
20°C fHE R (e D 75% Hf 10% @} 25% @
25°C gtEi ] (<32 7h B R R (X E =D S sl (5 3 7 gEpnxEHEH
g2:x

AAFH A¥ A7x=2 EFE 2 u, 94 AL 10,000730,000 cc/m?-daye) EFEE
RN 15T |tz AFste= Aol A4 gAY 2 #FX 78 & Aoz dAddn,

. =g Al &) 9loJA breathable film® &3}

AAFFHEo] B8 BES TASA 5, 15, 25T A%

0, 10000, 30000, 60000 cc/m>- day breathable film(Perforated)

TG 150g e, LA Adde 3T (FY AH %), TA7): 392
FZ e

FAA TR AR & e € dHoE A BA
AR WA Room cooling 12A]17F

AT AAT dag, o|AsteA/A Y S, olF, & W

M

o

wel

rb

4e Has)

(2) d+2%

EEHA AFY AS, 2FAY HIFETE ol
B2 5CeA 2B6TE 257F goldF4S A =71 9
A ARE B X9 HFo] & 0 co/m>dayeilA



2R gL v TR ATl IYE 10,0007 60,000 cc/m*-daylAE 1.3%716.0% At
TEE BRATHY 22).

180 B5C W15 25°%C
o 180
£ 14,0
g
S 120
i
E 10.0 )
w Bl
c
g 60 -
2 -
o 40
0.0 - - = == = =
0 10,000 30,000 &0,000 o 10,000 30,000 60,000 0 10,000 30,000 60,000
A1D ALW

AW
Oxygen permeablility (ce/m?.day)

L=

a9 208 mEEMA A A OE L= 2PN SRS} O T 44 BE

b

i
i
s

olAFE o]A3tE A B F7HIa Y. A 74H A3
Ao HAFol ¢ 0 co/m’day Rtk EAA 9 HFo] UE  10,000760,000
A T=7) 21.3740.8% ZAdte AL BHEFIATHIH 208, ZFH 209).

>,
[P
off
b
R
2
=
il
N
o}ll_,
rlo
ki
N
i1y

COy concentration (%)

400
)
2000 = -
. ‘ M o= ol =
i i 60000 i 10,000 30,000

10,000 30,000 60,000 0 10,000 30,000 E0,000

AlD

A1V

Oxygen permeablility (cc/m?. day)

a9 209 =EEHA A7 A OFE 2= 20N FHE7F 48 A W ojdsEL F

eEH WA AR AA T eEuAe &89 wWIE dolr7] 989 triphenyl tetrazolium
chlorideE ©]-&3 &% W3E Qg 27, FYHQ AolE HolX LUt 25TdA FH=
7} 03} 60,000 cc/m”-day®] EFA A$ole =EHHACEZEE WA toE FE 2ol A
st oFFH 7 dASAT. 10T 15T AR Afdes FHE7l S5 =W aH
Aol FFAHJATHIE 210). WA AF % o= 379 FH=rs =g uA A4
NA FZo| & JFE FE AoZ FAFHAL
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- 25°C |

15

10°C

60,000  (cc/m?.day)

a4 2100 A% 25 F9 =EEMA

e A Y 2FA W 371 2GS, ojibste s wR)ek W, o F & 1HE W, =
et B A A% 10,000 cc/m’-day ©)ste] T3} AL AR Fo =EEWA F2
FAd FEld Aow AddAn.

b1
i
N
N
s
3|

o}, mb(Abab) A Zo] 9lol A breathable filme &3}

AAaFHE] TE HES ¥R 4, 8, 12, 25Tl A%

0, 10000, 30000, 60000 cc/m* day breathable film(Perforated)
G 150g e, AR BEEE AFA d=9 (BY A8 %)
F& vHA

EFA A v FHY FE 7] AAME.

AZA P 2: Room cooling 12417+

AGF AT dag, oJAsteL/AAh 2 24, olF, & W

(2) a+2%
=ojuE vlhe AFE ol&de= AE2E A
3 EZA AN = A
I %= 10,000760,000
StATE T3 25 A £3FA
€ 2&=7F Eobd

FE BHA(ZE 211).

A 14 A A 4FAE AFE A7l Dol AT

cc/m>day EZA ] 15720% Ato] = %

Wl AtA sxd 9
2

s %a et 3

a4t o

D)
oy 1o
ol
o



o] stk Aol AS HFo] YUE 0 co/m>day EFAANAE G 14 A 1F2 242 o

Z7}3t4 o™ WA breathable filmE ©] &3 10,000760,000 cc/m*day E %3

Aol go] AT Ae olitste Ak TRV FoEe Zo] FAHNUY B 2% HA| 23

A R FF8s FA=eU AT 1929 AF 2E7F soldTE o|iE e

=5t 2789, AE ARI 242 (60,000 co/m’-day) Z7FE0] Zoln: AL RYAT)
(19 212).

¥4A F/FHE wat uke] A ztelzb FAsA vEbEE 60,000 co/m*day®E ZFE

AaR e Fog =7 S/, 10,000 co/m*day o) ARE e o] Frstdt
(19 213).

af (&kobh

Wi Egy Wy

LA AN A

30000 OO0

Oy concemtrations (%)

&1D AW AN

Onoygen permeablility (co/md. day)

29 211 v A% F EAR FHEC we ¥R U 4 5= W

of (&toh
- ar - g - =

4z
g
E 30
b1
]
g
-
g

o LODO0 F0000 S0000 o 10000 F0000 S0000 i L0000 30000 S0000
A10 a1 F YTy

Onoygen permeablility (ooimd . day)

a9 212, vk A T 2FA TRz wE FA W olitst

rﬂ
B>
okr
rE
L
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I 213 AR 2= 25ToAM A 15728, AF 4F2H =) w7 " (A5 0,
B; 10,000, C; 30,000, D; 60,000 cc/m’-day)

ul Aol A4S AYANA w2 FUVEAEE IR EZA A 25T &0 AFT F¢
g dAog Q3 FE Lo $EHIL 7]
10715C A =7AA
Ao wogo
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3. Breathable film< ©] &3 A7} AF AAAH vX= &3
7}, atap A #oll Q1oj A breathable filme] &3

ArFIEo] g BES 3t 15, 20, 25T A%

0, 10000, 30000, 60000 cc/m?- day breathable film(Perforated)

EFEe]: 300g e, BAA: ST (IFA] AR ZojAd A T, A7) 8dx
FF AR 9w}

AGA YA Fold

ARs: AAFT Aa2g, o|Astaa/Ath 243 A, olH, 9F W3

(2) a+2%

5.0

157 20T Z5"

L

0,000 80,000

01 cancentration {'N:]

10,000 30, 0 ooo &0 000

ALM Am A1M

Oxygen permeablility (cc/m?.day)

a9 214, 1R A Al U 25 Z2HdA FREY g2 £23A Y A 5E

$E7 Bgor, 4%

ﬂ—u} Agel A%, TR ATES} olAS5E EFA Yo Ba

To] & 2ol 15CS 20TE H|E3 42 FEE Rol: dlde 25T AZqAE AX
2711% s Autrlg gaste Aoz BAHQUH(Y 214)
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m15C w20 25°C

& 1000 -
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£
5 a00
5
g
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E 40 I -
[
o 200 ‘
o 2 ) ~ _ _I
oo 4 ml .t = B o0 . — - =
0 10000 30000 60000 | © 10000 30000 60000 | O 10000 30000 60000 O 10000 30000 60,000
A1 AZM ASM Adh

Ooygen permeablility (cc/m?. day)
Iy 215 a9wE A Al gt 25 24 FRAEV 2 ZRA W olilE e s T E
Mk FES VU AF L5/ BHAFE o MFEE BEE F/ANGT W, 219 AFF
A

AFo] Y= 0 co/midaydll e YA AOZ L5yl G &4E o|ises Fm7}
=3 (29 215).

N

B15C w20 25°C
300 1

T
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- 150

£
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e

0 150
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g

£ 10

£

()

i d
10,000 30000 &0.000 10,000 30000 60000 0 10000 30000 60000 o 10,000 30000  &0.000
ALM AIM ATM AAM

Owygen permeablility (ce/m2.day)

a9 216 270 AR A gEE 2k 2 FREV b8 FA W aTvke] FA 2

Sl LE7l BS4E B gago] #Hon, AFol 9E 0 ce/m>-day
A= 238 60000 cc/m’daye £AEE 2= IF
0

cc/m’day®] FHAEE e THX e

rl

o
f
rl
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10,000 ' 60,000 (ec/m?.day)
a3 217. A% 3ML F9 mFuf

aFukel A EQLe 25THA 7 WA JPHJASH 20T, 15T SAZ #AFHYeH, AT
o] gl 0 cc/m>day TAAANME nFre] ¥ EQrRTE Bir $AFdes #AFHAH
g 217).

ZARAA W 37 2AAGEE, olitgeA wE)F WA oF F& Eﬂl% EH, et A G
60,000 cc/m’-day ©]’¢e FHEE = IAAI AF Fo T FF HAd T AL
2 wedEr

H=l

. 7 A3 91l A breathable filme] & 3

1) A+

FaFFdgol 08 FES TAY 5, 10, 20T A%

0, 10000, 30000, 60000 cc/m> day breathable film(Perforated)
F4GH: 300g e, AL AFA] TAHE 2oja]gol A 540
£% 4A% 17}

AR AEA: FoAZAY =
AT BAT Tas, olitE A/ tAa £ F4, olF, A# ¥

ot

(2) 727

Y FEg ARFAAE FoH §lo] breathable filmEs ©
I 2o ZAA Ao Af, A 141—4 AL T 29 FHEeA 2AAY A
wgt zpolrt wAEYTE HFol Y 0 co/m’day AAE Ax
=+ 10,000760,000 cc/mz-day T3 & AFA 15720% Aoz F
TH | 218).

oo
ot
ot
>
2
dfL
2
2
0}‘4_,
o,
mt
B
rlr
o
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200 o
L BT =
150 4 =20
1o 1
&
5.0 1
2 4 5 7 2 a L 5 7 2 3 E 5 7 2 3 S 5

AR A A, ZZA W9 o isEa vEE FHUF & HE FHEY EZAAAE &5
7t ZolAFE olilslet A RV FUMEHE A4S BHAAR FHUL HE breathable film ¥
FANHE L2t ZA3E. HFo] ¥ 0 co/m>day NAE AF 717ke] Zo]AFE o4t
geh FE7F FUFEATHEFEA o)F 20T ARZRYE FHFT AR HY] AR AE
o 2PoA Feg). ¥ HFo] E 10,000760,000 cc/m’dayel 10% W] o|AtstErAs B
=& ERH(ad 219
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A% 7170 A 2xd vl#Eeted ZAke FAVE St 2R FHE FEo AdEe
H7Ge FEAds & Aol Aty 220). 23y FHA=7F 09 FA-E EFAANAE 20T
oANlA 7 Fj7} dojxk o}t breathable film A& 9] XA FH7t dojrix] ol A7
8% 292 »gv AR 25 ¥ 20T, 0 cc/mZ-day94 IZAAE AR e olitatekavt
484 F7kste] XAV FEo] E5or, A% °‘H7} G AR il o] wALte
2R AR BANE A Aol vEth A% 2% F 5 10C, 0 co/m’>days] EFAE RE
of 227 ANAFow, A FH TS THA *‘:‘01 Aok A ZAA 7 T AR =
AE FRIIHIE 221). 2¥HERZ AAE AXA0T)ANA vy FIFEHAERI =2
30,000760,000 cc/m’day EZAZ AFate Aol AL F4 §Xd £ A2 Bdyr}

4. Breathable film< ©] &3t LA/} FYUE AN v X 53
7}. Breathable filme ©]&3 XFA7l TUE AZAH A= &4

MAaFIEo] g8 5SS ¥ASY 4 8§, 12, 25T A%

0, 10000, 30000, 60000 cc/m* day breathable film(Perforated)

EATE 200g W, AR BEEE AFA 9 32 FUE (2EUMRS)
AGA oJiAE: FoHAE gl

AGF: AAFT AaE, oisla i/t 243 &4, oF, 9F ¥

(2) 723

FTUE AGA TR Y HEET7 FobdsE A o A4 =7 4o, B E 4T
A 25CT2 257 £ob2FF A4 F57F 22 2 & 5 AU 53] A% 84A ZA2H%E
HH ‘“‘XH AFo] gl 0 co/m™dayol e 27t W3 FAHEA g id 239 A
Fo] 91E 10,000760,000 cc/m*daylAE A 192 B} 30% #AAY 2% F718tE 2
FE BITHITH 222).

Oy concentrations (%)
¥
= LR = ] L]

a9 222, FYE A Al 2ZA Y AL FE

- 180 -



COn concentrations (%)

3 W B A

0 LLL 30000 G0000 1000 30000 EaDO0D

AlD AED

£ E¥W FFAAY #HFol ¥ 0 co/m™day BT EFAY #HFo]l J& 10,000760,000
=71 50% ol Faste AS #dFIFA(IE 223).

L Fe o g B

14 C -y 230
@ 120
= an
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o 10000 30000 BOO00 0 10000 D000 0000

AlD ABD

a9 224 A% 2= 45 FIdE mE FUES 29 d3

FUE A AA T FUES 88 H3zlE dolrr] 939 triphenyl tetrazolium chlorideE
ol &gt &Y WIE s Ay ¥ 373 L AFE BAY. ZARAY HIFo FPe 0
cc/m>day Rtk HFol 9JE 10,000760,000 co/m’dayol Al FUES Mg Ao EYtHY
224). 2tA breathable filmoll ¢]g FUE A Fo] FUES & FAAA By AAg 4
HE AZd & Jd3°] AU
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29 225. 8Y 7t breathable filmS ©]&3 FUE A ($; 8C A&, ofd; 12T A
= A;0, B;10,000, C;30,000, D;60,000 cc/m>-day)

A IUEEZFH wA e F& Ao A o437 245 v+ B D)e o
A # SR DA glded, (O D)AdAE FUHEY 7L A7 A d TUHES A
ot g§3lu FEA HIs AL AAIIAH(IY 225). dPAH A 25 Ydelx FrY F3
=7t FUE AFAAAAA F2 & dFS FE ALE FUAHAUG

FTUE F84A £ TZA W F7) ZAGHS, olAsgA Fx), B4, o4FH 5L udT o),
FUE AL 10000 cc/m’-daye] FHEE e TAAT A% F FUE FQ FA49 #

t}. Breathable films ©]8§3 XZA9 AFEZA7 FUHEY A vA= &3

(1) 794

AaFHE] 2 HEE st 5, 10, 15, 20T AR

0, 10000, 30000 cc/m?- day br eathable film(Perforated) 3 X337
ZFEH: 200g e, AR BAEE APAAl E HE FUE (2F5HYE)
AGA A FolgA e

AT AT Hdas, oA eL/ e 24

ot

_11}14

4, ol#, A& W3t

(2) 4727

A AT FLEA FUHE AR A A HFETF 2ol AFE XFA U9 A s=

7V o, 9tiE 5TAA 20CTE 257 olda4E 4 5271 @& 2 & 5 IdATh

olg} HIgiE oA EtA: ¥EE ¥AAY HFE7F =L 10,0008 30,000 co/m’ dayolA 743

v SAEJow BFHFH JAFEZAME =24 SAHHJAHIE 226).

FARSe] A 1%} 227t 7 =Y 20TdA & WHIE BRQoW 53] T EA A

I WglEoe] 71 oy ol IFHAAAAN FUE AV EIH —% wor7) W]

HE ARG & “J} o] ¢ 13g B2 ALoE #dd (¥ 227)

FUE 9# 4 943 58 2HE W, FIAIFH AFEFL o3 2 FEDAo] Bol AF, #
= X

Zo] E7}81, 30,000 cc/m> day breathable filmoll 733 7o

S

dl
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a3 228 TUE AR 793 o)luXZ ATDE 20C, EE 15T, FE 10T,
GE 5C AAFolth. AX 0 co/m®> day FFEE, B AFXH C:=

10,000 cc/m?- day breathable film, DX 30,000 cc/m* day breathable

filmo]th. E, F, G= 0 cc/m* day 3% ¥
), 10,000 cc/m? day breathable film(<$-
breathable film(F=3}¢t)o] o},

($24%), AFEHHE
, 30

3eh), 30,000 cc/m* day

=
=
=
b |
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5 Fv=d FE

XA AHE dg

7t FYE 234 4%

ERi =3 il
- drtag SR 2t Y g
A, S AL E A ol =Hg $7194 Sgtor F
PE TH AR2RE 48 F3AA, A | B Fys FAT 5+ g
(polyethylene) g FHFANA AEEHL  UE | &
HE ETtagoes W-XFA AVE | fxq do) Exgorn 29
WA wel Aedn =(Fw)e] BT ABY
-Zyzzgde Zgdga, pve, | W IHEE AHHA 253
Zezgtoldst 3 4E g FA | SRR S 2AHE 2AHT
SuEA Artagex = apgg g | A 71E 26 93 o) HT
PP Fo] 24%0] @@t ngw @@ | AHET @l defd
(polypropylene) A &atdes FHE 7R (& 239 ITYE w5 T
- 4RE TS BE, AGEMEe] | FHET CIHATR A2
XA, ofF, 7PN, dolz, dgzts, | 2006)
&7, 398 FF, deoly Foltk
(Ml\(/)lgge d —O%Tégﬁ_ﬂ gﬁ%ﬁ%;%x]ﬁ = 01%]/}%%1];%/}_}_ 7Y A MAXRAE
Atmosphere j—_’,[‘:gg: =9 37 gj‘;ﬂ R ] A=A dF FH2 Aen
TN cRHES F FRr)Ee2 A
Package)
- AR ES2Ed  PLA  (Poly
Latic Acid)+ SFFA4 52& £
gete] TP S Ta, Fs 53
of g1k 2011 78 d=AFATE A
PLA -100% 428 He A ur
(Polylaticacid) - AN EZTIZAANRE A rulol
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i
N
u
el
o
2
r (0

5 54 &
HFANE F2
ket 7
ol g5 o}
o) = PP U | - E2YZ2ZA(PP) Ao Az » AFZ o] & A= mis

P.P£%9) 40kg, 80kg
ZTgo g TR
FEHTL J2

- FTEL o} o] A% oRENE R YRS v
£ Aol ok, & AAvt Sl B B9t U
WAHE SRS oz WEAZA Rz Hd e
aazpepzy | STTE BITLR 030 £ A%YE A gol= | U Lolg wye
Y 5 Qe el ddol ¥ TRF gAY PHL B | 2 Aed
= %

- A& 71 7HPE0.05mm) =32 372 A =
- 23 (10kg,20kg) F AXEH(854,2kg)o == Bo] ALE

-g7] 371 HX gorg 15T oldte} Ao Fadt

1
3 ek £ 3§ PEEAIIAS | IR ypRIom
ox

R— 2 U] R #
Zol ¥d 754l B
- ARTIRE AFEFL] B TINERE
- Zole] 3 HXE 38 2l AHPZE HE(kraft pulp)S
YEE A TE Fol. ol EAAN XTHEAR FE A
7] i &3 FEA TP FE.
-0.1mn T 379 AHZEAZE F7|HEC] FHER FH
A E7 o] 28 Fxo dFS ¥ 4L dHo] Yo FEIF
(Kraftpaper) o] & &9l A SRI|2 o BLEZHE Ty &
AHE FES F53td idsts Feo] oA 3% &
Tste] Wi SFEH7 A
- AR ) 2 4374
- £ 420,10kg)ll ©]-&
- AFEt A LR ES1500TCo e 2 gt dFu]Eol
st} Fet2gdFo|u Fo] T 7IA Ao S sA
SFH)E nE 98, -
FAUE -NIAGELZE IF Foll T8, 7HAA, 2325 o8 AT
H¥7E Qln SFeEH JEHde] £ EFd2HE FF0
T2 22}

- 186 -




2HEHZ 0RO 2] 7[0
A=
g H]HF breathable T & 71¥ 71& A

TR 5 4=
o EEAtR
0 EYZzud BEY F4ov|-FozZzud UEY F5 AUEY
EY &H3to HA HolA @ Agdelyt AgAd ik 7HAF 3ge| 100
4 33 =% FrHe RS 08
2] 3z 1
O #HolA H2A Z(pulse width)9 MEZ foAd HmE Uz
e #AER, JIX, Y=F o ’
- _ - 3o Egz=dd HE4 7HF
Hx FolAqE o]&3sle E3 N L 100
- } ZtZte]l miAl Eo) i JAA 2
) 94 9E uvA & HF )
3| oo = g 245 Hag
gx 548 v 4
-HA JUAE HAT ol g #] o
(2012 ) |4 Az Fo|q Br oux s | A -oo}_@] ‘]1 ] ol '
U= 3 gold da) 2Rse) wag
o Aleel me BE FE L L aner ma o) 100
2o) 5L AT, S ST
Z 9 Zolo i) A3le] MW
e &5k ZAEE (A &, A 7
Y HERCIE W B ag gud w37 59
) 22 FNEAEE 71X e o
o e HEHE FEY FX §z°]€ 100
= 8- F breathable Z&2
e @ 2ze) FAERES BA 2
S HEgd & S99 HA 9K, H
o dojAE oy waz “NuATE T Bs €y
c o gel 42 = e F Z3
breathable 259 ¥7] Fi4% - 100
24 @ o dite= F7 FHAEE 7
22 R breathable &< 713381 EX
dHE
(2013 ) |O UV d#elA ZF 7l A2"|- UV aitEE Hx #olx 7y 100
2 g Jle Afat 13 2vA IE 7HE VeSS
O EEY "=y oA vHF 34 HE(PET+CPP, PET+AI+CPP)d 100
breathable ¥& 7|9 deolA 7+8 EAE dTsta BAE.
O U "A 71 71¢S o &3 31|- UV Uz #HolAE A3t
% H|HF breathable 2§ 78| 3SAl7IH EES JbFstn M EA 100
7€ M 3t
O #HolA £718 ol&3 A H]|- HolAE BRI JELAE ALt W
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Table 2. Types of polymeric films and their permeability properties at set conditions

Polymeric film

Permeance(mol s"'m?Pa™!) for 25 /m film at 25C (

WVT

m o) 1

s'm?Pal) at

Oxygen Carbon dioxide Nitrogen 38T and 90%
RH

Ethylene vinyl alcohol(EVOH) 1.87x1071 - - 8.01x107°
Ethylene vinyl acetate(EVA) 5.84x107! 2.33x1071° 2.29x107M 2.36x107*
Polyamide(PA)(Nylon-6) 1.87x107% 7.94x107% 6.54x107 7.50x107°
Polyethylene(PE), LD 3.64x107! 1.96x107%° 1.31x1071 8.48%x107°
Polyethylene(PE), HD 1.21x1071 3.55x107!! 3.04x107"? 4.01x107°
Polypropylene(PP), cast 1.73x1071 4.67x10™1 3.18x107"? 5.18%x107°
Polypropylene(PP), oriented 9.34x107* 3.74x107! 1.87x107" 2.83%x107°
Pol lene(PP), ) i i -

O.yirzpy;vn;c ed 7.00x107 1.98x107" 4.90x10™ 2.12x107°
oriented, coate
Polystyrene(PS), oriented 2.33x107!! 8.41x107% 3.74x1071% 5.30x107*
Polyurethane(Polyester) 5.37x1071 7.47x1071! 4.20x107"? 2.36x107°
Rigid, Polyvinyl ) 471012 3.39%x10 712 4.90x107% 1.65x107"
chloride(PVDC), coated
Plasticized, PVC 7.12x10™M 1.11x107% 2.40x107 1.30x107*
Polyvinylidene 56010 1.17x107" - -
chloride(PVDC), coated
PVDC-PVC copolymer(Saran) 7.70x1071 4.67x107" 1.07x107" 1.53%107°

Oxygen Permeance WVT

(mol s™'m™?Pa”! at 23C)

(mol s'm%Pa™ at 23°C and 85% RH)

Ethylene vinyl alcohol
Polyamide(PA)
Polyethylene(PE)

Polyethylene

terephthalate(PET)
Polyethylene

naphthalate(PEN)
Polypropylene(PP)
Polystyrene(PS)
Polyvinyl alcohol(PVAL)
Polyvinyl chloride(PVC)
Polyvinylidene
chloride(PVDC)

4.70x107%-4.70x107""
4.70x1071%-4,70x107"®
2.35-9.40x107"

4.71x107"-2.35x10™"

2.35x107%°

2.3-4.70<107"
4.70-7.05x107"
9.40x107"
9.40x107"°-3.76x10"*

4.70x107¥-1.41x107"°

4.71x107%-1.41x10™%
2.36x107%-4.71x107%
2.36-9.43x107%

2.36-9.43x10™"

3.29878x107%

9.43x107-1.89x107%
4.71x107°-1.89x10™
1.41x107
4.71-9.42x10™

4.71x107""

Day(1993), Greengrass(1993),

Guilbert et al.(1996),

Philips(1996),

Chung and Yam(1999),

Park(1999), Han(2000), Lange and Wyser(2003), Data reported by authors in different units

were converted to SI unit following Banks et al. (1995)
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Table 2
Values of Oxygen Transmission Rate (OTR) and Carbon Dioxide Transmission Rate (CDTR) of the three selected packaging films at different

temperature,
Temperature (°C) OPP20 OPP40 OPPEO
OTR ccj{m® day) 23 2481.74 £ 241.54 117472 £ 958 7009 £ 30,66
16 1674.61 £ 125.87 B0G.35 + 2.28 468,25+ 1473
10 1364.13 £ 300,88 G11.36+11.42 339.83 + 11.62
5 1014.72 £ 9.5 456,96 + 0.00 248.64 + 0.00
CDTR ccf{m? day) 23 698253 £574.15 32442 £ 100,52 14353 + 6.99
16 4926.5 + 341.52 21576+ 73.66 1035.1 £5.12
10 3552.0 £ 268.55 1513.5£43.1 7779+ 24.56
5 2700 £ 176.7 11003 +33.4 606.3 £ 0.57

B Condensation, g B Boinddis, % [ Weight loss, %
d

e
g

Weight loss, %
Botrytis decay, %
® ® o N

e

Condensation, g / carton

ha

ok _ ]
Regular carton Liner periorated Liner Ind. sealing
nonperforated

a9 2ol MAARS st gte] AAS Za, Botytis A4S, I3 LW S55E
Foll WA= % AZIte 8xolA 25 AF F 20=olM 4Lzt F7F A HA2
telescopic cartons®l B <7]¢] HHF PO film(20um)¢ HF PO film(0.4mm 7% 87)9]
F7HA 2RA G AP TS obFd TS A ¥ AT, HHFT MD PO filmE F0

A WO FEAA RAR AYTE FUL.

l‘

¢

1. Effect of slicing and controlled-atmosphere storage on the ascorbate content and quality
of strawberries and persimmons

Changes in quality, total ascorbic acid, reduced ascorbic acid and dehydroascorbate in
fresh cut “’Selva’ strawberries (Fragariu X anana ~a Duch.) held for 7 days and “Fuyu’
persimmons (Diospyros kuki L.) held for 8 days at 5°C in air or controlled atmospheres

were evaluated. Various atmospheres had significantly different effects on the color, pH,
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and titratable acidity of the fruits. The two fruits responded differently to the wounding
stress in regards to oxidatron of ascorbic acid, but in both cases, the postcutting life based
on visual quality ended before significant losses of total ascorbic acid occurred. Controlled
atmospheres of 2% 0, air + 12% COg, or 2% 02 + 12% CO2 had no significant effect on
changes in total ascorbate content for either fruit. Washing of intact or sliced strawbetries
in 100 ppm sodium hypochlorite was found to induce significant oxidation of reduced

ascorbic acid, but resulted in no changes in total ascorbic acid.

2. Beinhorn, F. Ihlemann, J., Luther, K., and Troe, J., “Plasma effects in
picosecond-femtosecond UV laser ablation of polymers,” Applied Physics A, Vol. 79, pp.
869-873, 2004.

Laser ablation of polyimide (PI) and polymethyl-methacrylate (PMMA) at 248 nm with
pulse lengths T ranging from 200 fs to 200 ps was investigated. The measured ablation
rates show minima for pulse lengths of about 5 ps (PMMA) or 50 ps (PI). The reflected
fraction of the ablating laser pulse was measured as a function of the pulse length. In the
case of PMMA maximum reflectance corresponds to a minimum ablation rate. This
behavior can be explained by a dynamic plasma reflection model: A fast build up of a
dense plasma is followed by high obscuration for a brief transition time and a
self-regulating opacity for the rest of the pulse. This model of plasma mediated ablation
leads to a t1/4-dependence of the ablation rate at fixed fluence, which fits very well to the
measured data, in particular if an extension to nanosecond ablation data of PI and PMMA
is considered.

3. Carlos A. Aguilar, Yi Lu, Samuel Mao, Shaochen Chen, “Direct micro-patterning of
biodegradable polymers using ultraviolet and femtosecond lasers”, Biomaterials, Vol. 26, pp.
7642-7649, 2005

Thin films of biodegradable polymeric materials, poly(r—caprolactone) (PCL) and
poly(glycolic acid) (PGA) were micro—patterned using a Ti-sapphire femtosecond pulsed
laser and ArF excimer UV laser in ambient conditions. The laser—patterned polymers were
characterized using a scanning electron microscope (SEM), Fourier transform infrared
spectroscopy in attenuated total reflectance mode (FTIR-ATR) and X-ray photoelectron
spectroscopy (XPS). In-vitro degradation tests were performed and the laser-patterned
samples showed to be within one standard deviation of the control samples. Our results
demonstrate that both lasers are excellent tools for micro-patterning biodegradable
polymers since the bulk properties of the material can remain intact and because
thedirect-write method is rapid, flexible, and a chemical-free process.
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4. Okoshi, M. and Inoue, N. “Laser ablation of polymers using 395 nm and 790 nm
femtosecond lasers,” Applied Physics A, Vol. 79, pp. 841-844, 2004.

We compared a Ti'sapphire fs laser (790 nm) with a second harmonics (395 nm) fs laser,
and then mixed them for ablating polyethylene (PE). Compared to the 790 nm fs laser, the
395 nm fs laser harmonics could etch PE faster. However, isolated carbon was formed on
the ablated surface, in addition to C=0 and C=C-H bonds. When we mixed a faint beam of
the 395 nm fs laser harmonics with the 790 nm fs laser, the etching depth became even
deeper. Moreover, the chemical composition of the ablated surface remained unchanged. At
a total laser fluence of 80 mJ/cm2, the most suitable laser fluences for the 395 nm fs laser
harmonics and the 790 nm fs laser were found to be approximately 2 and 78 mJ]/cm2

respectively.

5. I B. Sohn, Y. C. Noh, S. C. Chai, D. K. Ko, J. Lee, and Y. J. Choi, “Femtosecond laser
ablation of polypropylene for breathable film,” Applied Surface Science 254, 4919-4924
(2008)

A polypropylene (PP) film was ablated using a femtosecond laser with a center wavelength
of 785 nm, a pulse width of 184 fs and a repetition rate of 1 kHz. Increments of both the
pulse energy and the shot number of pulses lead to co-occurrence of photochemical and
thermal effect, demonstrated by the spatial expansion of rim on the surface of PP. The
shapes of the laser—ablated PP films were imaged by a scanning electron microscope
(SEM) and measured by a 3D optical measurement system (NanoFocus). And, the gas and
water vapor transmission rate, mechanical properties of PP film micropatterned by fs laser
pulses was characterized. Our results demonstrate that a femtosecond pulsed laser is an
efficient tool for breathable packaging films in modifying the flow of air and gas, where
the micropatterns are specifically tailored in size, location and number of which is easily

controlled by laser processing conditions.

6. Z. Kuang, D. Liu, W. Perrte, S. Edwardson, M. Sharp, E. Fearon, G. Dearden, and K.
Watkins, “Fast  parallel diffractive multi-beam  femtosecond  laser  surface
micro-structuring,” Applied Surface Science 255, 6582-6588 (2009)

Fast parallel femtosecond laser surface micro-structuring is demonstrated using a spatial
light modulator (SLM). The Gratings and Lenses algorithm, which is simple and
computationally fast, is used to calculate computer generated holograms (CGHs) producing
diffractive multiple beams for the parallel processing. The results show that the finite laser

bandwidth can significantly alter the intensity distribution of diffracted beams at higher
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angles resulting in elongated hole shapes. In addition, by synchronisation of applied CGHs
and the scanning system, true 3D micro-structures are created on Ti6Al4V.

7. Quality Characteristics and Storage Properties of Rinse-Free Rice (Part 2)
Quality Characteristics and Storage Properties of RinseFree Rice with High Milling Yield.

We processed conventional milled rice, rinse—free rice and rinse—free rice with the same
milling yield as that of conventional milled rice (i.e., rinse—free rice with high milling yield)
in a large-scale milling factory, and we investigated their quality characteristics. Quality
characteristics of rinse—free rice were partly due to decreasing milling yield, and mainly
due to cleaning the surfaces of conventional milled rice grains and removing remaining
bran. And some of the quality characteristics of rinse-free rice were due to both of
decreasing milling yield, and cleaning the surfaces of milled rice grains and removing
remaining bran. Rinse—free rice with high milling yield had quality characteristics similar to
those of rinse-free rice, such as high degree of whiteness and low turbidity of rinsed
water. However, rinse—free treatment did not remove embryos, and this resulted in poor

appearance of cooked rinse—free rice with high milling yield and poor eating quality.

8. Chlorophyll fluorescence, fermentation product accumulation, and quality of stored
broccoli in modified atmosphere packages and subsequent air storage.

Earlier work showed that chlorophyll fluorescence changes of broccoli (Brassica oleracea
L., Italica group) were associated with the accumulation of CO: in modified atmosphere
packages (MAP) during storage. This work was initiated to determine whether the
chlorophyll fluorescence changes in broccoli from high CO2 MAP are persistent after the
packages are opened and the broccoli is allowed to aerate. PD-961EZ bags, which allow
the CO2 to accumulate (~11 kPa COg), were used in this study. During 28 days in MAP
at 1°C, the broccoli gradually developed slight to moderate alcoholic off-odors and
accumulated ethanol, acetaldehyde, and ethy! acetate in the tissues. These levels dissipated
slightly on opening of the bags and holding the broccoli in 1°C air storage for 4 days.
Chlorophyll fluorescence measurements (Fv/Fm, T12, Fmd, and ®PSII) declined for broccoli
with the accumulation of these anaerobic products and the fluorescence measurements
recovered slightly after the bags were opened and the broccoli was held in air at 1°C for 4
days. Chlorophyll fluorescence measurements were found to be highly correlated with the
anaerobic volatile content in broccoli during MAP storage and after opening of the MAP.
Chlorophyll fluorescence measurements were also highly correlated with the perceived

off-odors that were noted for the broccoli after longer storage durations in MAP.

9. Anaerobic Production of Methanethiol and Other Compounds by Brassica Vegetables
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Methanethiol (MT) is a volatile compound responsible for the unpleasant odor evolved
when fresh broccoli (Brassica oleracea L., Italica group) is held under anaerobic conditions.
Inductive atmospheres can develop in storage, transportation containers, or modified
atmosphere packages, resulting in reduced quality. To determine if related vegetables are
capable of producing MT, 12 different vegetables from the genus Brassica were cut into
ready-to—eat forms. Fifty—gram samples were sealed in 500-ml glass jars and flushed
with N2. After 24 h in the dark at 20 °C, headspace samples from the jars were analyzed
for MT and other volatiles. Headspace concentration of MT was greatest in broccoli
florets, followed by pak choi (Brassica rapa L., Chinensis group) leaf blades, savoy
cabbage (Brassica oleracea L., Capitata group), broccoflower (Brassica oleracea L., Botrytis
group), and green and red cabbage (Brassica oleracea L., Capitata group). Broccoli stems,
kale (Brassica oleracea L., Acephala group), Brussels sprouts (Brassica oleracea L.,
Gemmifera group), pak choi petioles, rutabaga (Brassica napus L. Napobrassica group)
root, cauliflower (Brassica oleracea L., Botrytis group) florets, Chinese cabbage (Brassica
rapa L., Pekinensis group), and kohlrabi (Brassica oleracea L., Gongylodes group) tubers
produced <3% of the MT produced by broccoli florets. Green tissues appeared to have a
greater capacity to produce MT than nongreen tissues. Anaerobic production of CO:z and
ethanol did not relate to the vegetable’s ability to produce MT. The production of dimethyl
disulfide (DMDS) and dimethyl trisulfide (DMTS) were also induced by the anaerobic
conditions. Green cabbage produced the greatest concentration of DMDS, followed by savoy
cabbage and broccoli florets. Production of DMTS was similar to the pattern observed for
MT, but DMDS production was not highly correlated with MT production.

10. Controlled Atmosphere and Subsequent Temperatures Air Storage of Broccoli Florets at

Various.

The physiology and quality of ’'Greenbelt’” broccoli florets (Brassica oleracea L. Italica)
were monitored during CA storage in 0.5% Oz and 10% CO2 at 0 and 5'C and in 1% O¢
and 10% COz at 10"C and subsequent air storage at the same temperature. The CA
reduced respiration, weight loss, and decay at all temperatures, yellowing and L-ascorbic
acid loss at 5 and 10’C, and ethylene production and microbial growth at 10'C. Upon
transfer of the florets to air following CA storage for 4, 3, and I weeks at 0, 5, and 10'C,
respectively, respiration rate increased initially and then remained constant. Ethylene
production continually increased. Decay, microbial count, odor, color, and L-ascorbic acid
content remained essentially unchanged for a few days after the samples were transferred

to air regardless of temperature.

11. The effects of modified atmosphere packaging and vacuum packaging on chemical,

sensory and microbiological changes of sardines (Sardina pilchardus)
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Chemical, sensory and microbiological evaluation of sardine (Sardina pilchardus), with
emphasis on the quality and safety parameters in modified atmosphere packaging (MAP)
and vacuum packaging (VP), were investigated. Quality assessment of sardines stored in
MAP (60%C02:40%N2) and VP for up to 15 days at 4 °C was done by the monitoring of
sensory quality, total viable counts (TVC), nucleotide degradation products, histamine,
trimethylamine (TMA) and total volatile base nitrogen (TVB-N). The observed shelf life of
sardine was found to be 12 days in MAP, 9 days in VP and 3 days in air. Bacteria grew
most quickly in sardine stored in air, followed by those in VP and the lowest counts were
with MAP. The concentration of histamine increased and its level reached over 20 mg/100
g for fish stored in air, 13 mg/100 g for VP and 10 mg/100 g for MAP at 15 days. The
highest concentration of TMA was obtained from sardine stored in air, followed by sardine
stored in VP and the lowest in MAP. The formation of TVB-N increased with time of
storage. When the TVC had reached 10° cfu/g, the TVB-N content was found to be
approximately 15 mg/100 g muscle for all storage conditions.

- 216 -



HN7d Hazd

Agar, I.T., F. Bangerth, and J. Streif. 1995. Effect of high COZ and controlled atmosphere
concentrations on the ascorbic acid, dehydroascorbic acid and total vitamin C content
of berry fruits. Acta Hort. (ISHS) 398:93-100.

Aguilar, C. A, Lu, Y, Mao, S., and Chen, S., “Direct micro—patterning of biodegradable
polymers using ultraviolet and femtosecond lasers,” Biomaterials, Vol. 26, pp.
71642-77649, 2005.

Baek, J.P.,, H.J. Lee, ILL. Choi, H.J. Jung, J.S. Son, L.S. Kim, C.S. Jeong, and HM. Kang.
2013. Effect of temperature and gas permeability of functional packing films on
storability of fresh—cut Salicornia herbacea classified by size. Protected Horticulture
and Plant Factory 22(2):175-181 (in Korean).

Baudach, S., Bonse, ], and Kautek, W. “Ablation experiments on polyimide with
femtosecond laser pulses,” Applied Physics A, Vol. 69, pp. $S395-S398, 1999.

Beinhorn, F. Thlemann, J, Luther, K. and Troe, J., “Plasma effects in
picosecond—femtosecond UV laser ablation of polymers,” Applied Physics A, Vol. 79,
pp. 869-873, 2004.

Blakistone, B.A. 1998. Principles and applications of modified atmosphere packaging of
foods. An aspen publication. New York, USA.

Brody, AL, H. Zhuang, and JH. Han. 2011. Modified atmosphere packaging for fresh-cut
fruits and vegetables. Blackwell Publishing Ltd. Oxford, UK. p. 144.

Candir, E., AE. Ozdemir, O. Kamiloglu, EM. Soylu, R. Dilbaz, and D. Ustun. 2012.
Modified atmosphere packaging and ethanol vapor to control decay of ‘Red Globe  table
grapes during storage. Postharvest Biology and Technology 63:98-106.

Chichkov, B. N., Momma, C., Nolte, S., von Alvensleben, F. and Tunnermann, A.,
“Femtosecond, picosecond and nanosecond laser ablation of solids,” Applied Physics A,
Vol. 63, pp. 109-115, 1996.

Choi, IL., JP. Baek, and HM. Kang. 2013. Identification of suitable film type and
temperature for green and gold kiwifruit MA condition using non-perforated film.
Journal of Agricultural, Life and Environmental Sciences 25(2):65-70 (in Korean).

Choi, 1L, T.]J. Yoo, 1.S. Kim, Y.B. Lee, and HM. Kang. 2011. Effect of non—perforated
breathable films on the quality and shelf life of paprika during MA storage in
simulated long distance export condition. J. of Bio—Environment Cont. 20:150-155.

Choi, 1L, J.S. Son, Y.J. Kim, T.H. Kwon, and HM. Kang. 2012. Effect of non—perforated
breathable films on the shelf life and quality of ferulae mushroom (Pleurotus ferulae)
during MA storage at different temperatures. J. of Bio-Environment Cont. 21:261-266.

Choi 1L., SM. Hong, M.]. Jeong, J.P. Baek, and HM. Kang. 2014. Effect of non—perforated
breathable films on the storability of ‘Fuji’ apples in modified atmosphere condition in
the Different Storage Temperature. Protected Horticulture and Plant Factory. 23:60-64

- 217 -



Costa, C., A. Lucera, A. Conte, M. Mastromatteo, B. Speranza, A. Antonacci, and M.A. Del
Nobile. 2011. Effects of passive and active modified atmosphere packaging conditions
on ready-to—eat table grape. Journal of Food Engineering 102:115-121.

Islam, M.Z, Y.S. Kim, and HM. Kang. 2011. Effect of breathable film for modified
atmosphere packaging material on the quality and storability of tomato in long distance
export condition. Journal of Bio—-Environment Control. 20(3):221-226.

Jeong, J.C., KW. Park, and Y.]. Yang. 1990. The influence of packaging with high-density
polyethylene (HDPE) film on the quality of leaf lettuce stored at low temperature. J.
Kor. Hort. Sci. 31:219-225.

Kader, A.A. 1986. Biochemical and physiological basis for effects of controlled and modified
atmospheres on fruits and vegetables. Food Technol. 40:99-104.

Kader, A.A. 2002. Postharvest technology of horticultural crops. 3rd Ed. University of
California, Division of Agriculture and Natural Resources. USA. p. 138.

Kang, HM. and LS. Kim. 2007. Effect of vitamin c treatments on the storability of baby
vegetables in MA storage. Journal of Bio-Environment Control. 16(4):420-425 (in
Korean).

Kays, S.J. and E.R. Paull. 2004. Postharvest Biology. Exon Press, Athens, GA, USA. p.
327,376,453.

Kim, H.S,, J.Y. Jung, HK. Kim, KM. Ku, J.K. Suh, Y. Park, and Y.H. Kang. 2011.
Influences of meteorological conditions of harvest time on water-soluble vitamin
contents and quality attributes of oriental melon. Journal of Bio-Environment Control
20(4):290-296 (in Korean).

Korea Agricultural Trade Information (KATI). 2013. The state of paprika industry in
Korea. Korea Agro-Fisheries Trade Corporation, Seoul, Korea.

Kweon, H.J.,, M.]J. Kim, JJW. Lee, C. Choi, TM. Yoon, and LK. Kang. 2012. Effects of
aminoethoxyvinylglycine application and heat treatment on fruit quality of “Fuji’”’
apples during CA storage. Kor. J. Hort. Sci. Technol. 30(5):527-533 (in Korean).

Li, T., M. Zhang, and S. Wang. 2006. Effects of modified atmosphere packaging with a
silicon gum film as a window for gas exchange on Agrocybe chaxingu storage.
Postharvest Biology and Technology 43:343-350.

National Agricultural Products Quality Management Service (NAPQMS). 1996. Grade
standards for agricultural products. 1011. MAF, Korea.

Medina, M.S., JLA. Tudela, A. Marin, A. Allende, M.I. Gil. 2012. Short postharvest storage
under low relative humidity improves quality and shelf life of minimally processed
baby spinach (Spinacia oleracea L.). Postharvest Biology and Technology. 67:1-9.

Park, HW., HS. Cha, Y.H. Kim, S.A. Lee, and J.Y. Yoon. 2007. Change in the quality of
“Fuji”’ apples by using functional MA (modified atmosphere) film. Kor. J. Hort. Sci.
Technol. 25(1):37-41 (in Korean).

Park, K.W., HM. Kang, and C.H. Kim. 2000. Comparison of storability on film sources and
storage temperature for fresh Japanese mint in MA storage. ]J. Bio—Environ. Cont.

- 218 -



9:40-46 (in Korean).

Park, Y.M. 1996. Internal breakdown disorder of “Fuji’’ apples during CA storage. Kor. J.
Hort. Sci. Technol. 14(Suppl. I), p. 7-8.

Park, Y.M., H.G. Park, and B.S. Lim. 2011. Analysis of postharvest 1-MCP treatment and
CA storage effects on quality changes of “Fuji’’ Apples during export simulation. Kor.
J. Hort. Sci. Technol. 29(3):224-231 (in Korean).

Okoshi, M. and Inoue, N., “Laser ablation of polymers using 395 nm and 790 nm
femtosecond lasers,” Applied Physics A, Vol. 79, pp. 841-844, 2004.

Siroli L., F. Patrignani, D.1. Serrazanetti, G. Tabanelli, C. Montanari, S. Tappi, P. Rocculi,
F. Gardini, and R. Lanciotti. 2014. Efficacy of natural antimicrobials to prolong the
shelf-life of minimally processed apples packaged in modified atmosphere. Food Control
46:403-411.

Sohn, I.B., Y.C. Noh, S.C. Choi, DK. Ko, J. Lee, and Y.]. Choi. 2008. Femtosecond laser
ablation of polypropylene for breathable film. Applied Surface Science 254:4919 - 4924.

Sohn, I. B, Noh, Y. C., Choi, S. C., Ko, D. K, Lee, J. M., and Choi, Y. J., “Ablation of
polypropylene for breathable packaging films,” Journal of Korean Society of Laser
Processing, Vol. 9, No. 3, pp. 15-21, 2006.

Vigneault, C., V. Orsat, B. Panneton, and G.S.V. Raghavan. 1992. Oxygen permeability and
airtightness measuring method for breathing bags. Can. Agric. Eng. 34:183 - 187.

Xua, Y.X.,, KM. Kim, M.A. Hanna, and D. Nag. 2005. Chitosan - —starch composite film:
preparation and characterization. Industrial Crops and Products 21:185-192.

Yoo, J.G.,, D.H. Kim, JJW. Lee, D.G. Choi, ]J.S. Han, S.I. Kwon, H.J. Kweon, and LK. Kang.
2013. Effect of preharvest sprayable 1-Methylcyclopropene (1-MCP) treatment on fruit
quality attributes in cold stored ‘‘Gamhong’’ apples. Protected Horticulture and Plant
Factory 22(3):279-283 (in Korean).

Yoon, CK., S.K. Kim, YH. Kim, S.C. Lim, and T. Yoon. 2001. Effects of P.E film
thickness on storage of “Fuji”’ apple fruits. Kor. J. Hort. Sci. Technol. 19(Suppl. II), p.
71.

JN. Park, J. H. Kyoung, C. S. Jeong, “Optimum Gas Ratio and Packaging Films for Active
MA Packaging of Cut Red Cabbage”, Journal of Agricultural, Life and Environmental
science, Vol. 24, No.1, pp.67-72 (2012)

J.Kato, N.Takeyasu, Y.Adachi, HB.Sun, S.Kawata, "Multiple-spot parallel processing for
laser micronanofabrication”, Applied Physics Letter, 86, 044102(2005)

Z. Kuang, D. Liu, W. Perrie, S. Edwardson, M. Sharp, E. Fearon, . Dearden, and K.
Watkins, “Fast parallel diffractive multi-beam femtosecond laser surface
micro-structuring,” Applied Surface Science 255, 6582-6588 (2009).

T. Sakai, N. Nedyalkov, and M. Obara, “Friction characteristics of
submicrometre-structured  surfaces fabricated by  particle-assisted near-field
enhancement with femtosecond laser,” Journal of Physics D: Applied Physics 40,
7485-7491 (2007).

- 219 -



Z. B. Wang, W. Guo, A. Pena, D. J. Whitehead, B. S. Luk'yvanchuk, L. Li, Z. Liu, Y. Zhou,
and M. H. Hong, “Laser micro/nano fabrication in glass with tunable-focus particle
lens array,” Optics Express 16, 19706-19711 (2008).

T. Sakai, Y. Tanaka, Y. Nishizawa, M. Terakawa, and M. Obara, “Size parameter effect of
dielectric small particle mediated nano-hole patterning on silicon wafer by femtosecond
laser,” Applied Physics A 99, 39-46 (2010).

J. H. Lee, K. H. Yoon, K. H. Kim, “Laser Processing System Design of Ultrafast/High
Precision/large Area”, ]J. Korean Soc. Precis. Eng., Vol. 29, No. 6, pp 640-647 (2012)

J. J. J. Kaakkunen, M. Silvennoinen, K. Paivasaari, P. Vahimaa, “Water-assisted
femtosecond laser pulse ablation of high aspect ratio holes,” Physics Procedia 12, 89-93
(2011)

Z. Kuang, W. Perrie, J. Leach, M. Sharp, S. P. Edwardson, M. Padgett, G. Dearden, K. G.
Watkins, “High throughput diffractive multi-beam femtosecond laser processing using a
spatial light modulator,” Applied Surface Science 255, 2284-2289 (2008).

Z. Kuang, W. Perrie, D. Liu, S. Edwardson, J. Cheng, G. Dearden, and K. Watkins,
“Diffractive multi-beam surface micro—processing using 10 ps laser pulses,” Applied
Surface Science 255, 9040-9044 (2009).

- 220 -



Kk

At AtE MLt

=

W)

_Lu.u_

toiM= ot &Lt

= 335

- 221 -



	농산물 저장 유통성 향상을 위한 레이저 가공 비천공 breathable 필름 개발과 적용 기술 확립
	요약문
	목차
	제1장 연구개발과제의 개요
	제1절 연구개발의 필요성 및 목적과 범위


	제2장 국내외 기술개발 현황
	제1절 연구개발대상 기술의 국내·외 현황


	제3장 연구개발수행 내용 및 결과
	제1절 레이저를 이용한 비천공 맞춤형 breathable 필름 개발
	1차년도: 2011-2012
	2차년도: 2012-2013
	1. 레이저를 이용한 비천공 breathable 필름의 공기 투과도 조절 연구 
	2. UV 레이저 필름 가공 시스템 및 가공 기술 개발

	3. 품목별 맞춤형 대포장 비천공 breathable 필름 개발


	3차년도: 2013-2014
	1. 다중 펄스 가공기술을 이용한 고속 비천공 breathable 필름 가공 기술 개발

	2. 레이저 분기를 이용한 대면적 비천공 breathable 필름 가공 기술 개발

	3. 소재별 필름 가공 속도를 최적화한 비천공 breathable 필름 시작품 개발



	제2절 원예작물 소포장 MAP 기술 확립
	1차년도: 2011-2012
	1. 수확 후 생리 특성별로 농산물을 분류하고 농산물 종류별 최적 MA조건 구명

	2. 작물별 비천공 breathable 필름을 이용한 소포장 MAP 기술 확립

	가. 채소류 4개 품목(토마토, 아위버섯, 마늘, 브로콜리)의 비천공 breathable 필름을 이용한 소포장 MAP 기술 확립실시 1품목(쌈채소) 
	나. 과실류 2개 품목(사과, 바나나, 계획 1품목)에 대한 비천공 breathable 필름을 이용한 소포장 MAP 기술 확립

	3. 신선편이 농산물 대상 비천공 breathable 필름을 이용한 소포장 MAP 기술 확립


	2차년도: 2012-2013
	1. 수확 후 생리 특성별로 농산물을 분류하고 농산물 종류별 최적 MA조건 구명

	가. 산지에서 판매단계까지 온습도기록계이용조사와 대형마트 현장조사

	나. 기존 실험결과를 종합한 적정 MA조건 제시

	다. MAP 내부 결로 현상 완화 조건 제시


	2. 작물별 비천공 breathable 필름을 이용한 소포장 MAP 기술 확립

	가. 동절기 대비 과채류 8개 품목(배, 오렌지, 감귤, 단감, 한라봉, 자몽, 그린키위, 골드키위)에 대한  비천공 breathable 필름을 이용한 소포장 MAP 기술 확립
	(1) 배

	(2) 오렌지

	(3) 감귤
	(4) 단감

	(5) 한라봉

	(6) 자몽

	(7) 키위(그린키위, 골드키위)

	나. 하절기 대비 채소류 12개 품목(새송이 버섯, 미니 새송이 버섯, 미니 파프리카, 돌나물, 치커리, 달래, 유채, 세발나물, 청경채, 미니 쌈추, 깻잎, 브로콜리)의  비천공 breathable 필름을 이용한 소포장 MAP 기술 확립
	(1) 새송이 버섯

	(2) 미니 새송이 버섯

	(3) 미니 파프리카
	(4) 돌나물
	(5) 치커리
	(6) 달래
	(7) 유채
	(8) 세발나물
	(9) 청경채
	(10) 미니 쌈추
	(11) 깻잎
	(12) 브로콜리


	3. 신선편이 농산물 대상 비천공 breathable 필름을 이용한 소포장 MAP 기술 확립

	(1) 양상추

	(2) 새싹채소
	(3) 대장균
	나. 신선편이 농산물 MAP 조건 확립


	3차년도: 2013-2014
	1. 수확 후 생리 특성별로 농산물을 분류하고 농산물 종류별 최적 MAP조건 구명

	가. 총 20품목에 대한 국내 저장 및 유통 설정에 적합한 MA 조건 제시

	나. 호흡률 및 에틸렌 발생률 등 수확 후 생리 특성에 따른 MA저장 모델 제시


	2. 작물별 비천공 breathable 필름을 이용한 소포장 MAP 기술확립

	가. 기타 농산물(화훼류, 등)의 비천공 breathable 필름을 이용한 소포장 MAP 기술 확립, 일부작물 예냉효과 비교 

	3. 신선편이 농산물 대상 비천공 breathable 필름을 이용한 소포장 MAP 기술 확립

	가. 과실류 신선편이용 소포장 MAP 기술 확립(저온 유통, 저온 저장)
	나. 미생물 투과 여부 확인
	다. 저온유통조건과 상온 유통조건으로 나누어 최적 MAP 조건 구명(필름 종류 구명)



	제3절 식용작물 및 특용작물(산채, 버섯, 약용식물) MAP 기술 확립
	1. Breathable film을 이용한 포장재가 식량작물 저장성에 미치는 효과

	가. 식량작물(백미, 현미, 밀) 저장에 있어서 breathable film의 효과 

	2. Breathable film을 이용한 포장재가 특용작물 저장성에 미치는 효과 
	가. 인삼 저장에 있어서 breathable film의 효과 
	나. 느타리버섯 저장에 있어서 breathable film의 효과

	다. 마(산마) 저장에 있어서 breathable film의 효과


	3. Breathable film을 이용한 포장재가 서류 저장성에 미치는 효과
	가. 고구마 저장에 있어서 breathable film의 효과

	나. 감자 저장에 있어서 breathable film의 효과

	4. Breathable film을 이용한 포장재가 콩나물 저장성에 미치는 효과
	가. Breathable film을 이용한 포장재가 콩나물 저장성에 미치는 효과 
	나. Breathable film을 이용한 포장재와 진공포장재가 콩나물의 저장성에 미치는 효과


	5. 콩나물과 곡물 포장재의 사용 현황

	가. 콩나물 포장재 현황

	나. 곡류 포장재 현황




	제4장 목표달성도 및 관련분야에의 기여도
	제1절 연차별 연구개발 목표달성도

	제2절 관련분야 기여도


	제5장 연구개발 성과 및 성과활용 계획
	제1절 연구성과 및 활용


	제6장 연구개발과정에서 수집한 해외과학기술정보
	제7장 참고문헌




