Development of the pre-treatment technique for mini-

packaging and gas control system in some vegetable
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Summary

I .Title

Develop of the pre-treatment technique for mini—packaging and gas control

system in some vegetable

II. Objectives and Importances

Agriculture at the present day is important to make commodities of high
quality first of all as to minimize a loss for marketing. A marketing process
of agricultural products from producer to consumer is very complex in Kkorea.
Also agricultural products for marketing with box unit may be damaged to
the other products as some of products be soften or rotten in box.
Therefore, after agricultural products cultivated on the actual location
harvested, the development of packaging technique to service directly a fresh
agricultural products to consumer need. Especially, active MA system,
regulated mix gas into package reported only some of studies.

The purpose of the present study is 1) to clarify an appropriate mix gas
concentration of some leafy vegetable, 2) to develop the packaging machine
that can be easily regulated a mix gas concentration. 3) to clarify an
appropriate storage temperature and packaging materials for marketing using

the packaged products.



M. Research Scopes and Methods

This study was carried to clarify the storage temperature, the
packaging materials and an appropriate mix gas concentration for marketing
using the packaged products in tomato, Allium fistulosum and some leafy
vegetable. They stored at RT(about 27C), 13T or 5C for 10 days using
the packaged products with PEPA 75um(Polyethylene Polyamide) to clarify
an appropriate storage temperature and investigated. They also stored at 1
3T for 10 days using the packaged products with OPP 40um(orientation
polypropylene), OPP 50um, PEPA 75um to clarify the packaging materials for
marketing and investigated. To clarify an appropriate mix gas concentration
for marketing, they treated with active MA(CO2:0.,=6:2, 0:10, 0:30, 0:50) in
the PEPA 75um(Polyethylene Polyamide). The change of physiological
features during storage period was measured for the COgz CaoHy,
acetaldehyde or ethanol, and quality was measured for the sugar

contents, ascorbic acid, weigh loss or sensory attributes

IV. Results and Utilization

1. Develop of the gas control system for mini-packaging in some

vegetable

This research was done to develop a device that injects different ratio of

mixed gas into a packing bag according to various farm products.



After theoretically designing a gas mixing system to control automatically the
partial pressure and mass, the system, which can control the flow rate of
mixed gas with MFC(mass flow controller), and the system, which control
the flow rate of mixed gas with air regurator and the mass of mixed gas
with strain gage, were manufactured.

The difference of two values decreases within 0.01%, comparing the
theoritcal value and the experimental using a new system manufactured in
the lab in mixing gas.

In this experiment the automatic mixing system is develped, into which
the farmer can easily inject the different ratio of gas according to various
farm products, of which the controling accuracy is within £0.01%, and which

the farmer can purchase at low price.

2. Effect of storage temperature on the change of quality of the packed

some vegetable after harvested in field

Respiration and ethylene product were considerably higher at high storage
temperature compared to low storage temperature. The acetaldehyde and
ethanol product also were higher at room temperature(about 27C) than those
stored at low temperature(13'C and 5C). Change of ascorbic acid and sugar
contents was decreased at the room temperature(RT) as storage period
extended, but there were no differences in low temperature(13C and 50C).
The weight loss was low in the order of RT, 13C, 5C. In the early stage of
storage, it did not show the differences among each temperature, but it show

much differences as the storage period was extended. From results of the



value of sensory test for marketing, we know that tomato and Perilla Leaves
keep on freshing for 5 days at 13C and Allilum fistulosum, lettuce and

Spinach keep on freshing for 5 days at 5C.

3. Effect of the packaging materials on the change of quality of the

packed some vegetable after harvested in field

Effects of CO2 and ethylene concentration on the packaging materials were
the lowest in the OPP 40um. Acetaldehyde and ethanol contents were
gradually increased in the only OPP 40um. change of ascorbic acid contents
was decreased slowly in all of the packaging materials, although it was the
lowest in PEPA 75um. Change of sugar contents of tomato and A/lium
fistulosum was generally decreased in the 10 days of storage, but it was not
influenced by the each packaging materials. The weight loss increased
slowly during storage period, and it was low in the order of OPP 40um, OPP
50um and PEPA 75um, but marketability was not influenced by the weight

loss.

4, Effect of the active MA packaging on the change of quality of some

vegetable

Respiration rate and ethylene production was the highest in the 0:30 and
0:50 with the rate of COz to O.. However, in the 0:30 and 0:50 with the

rate of CO2 to O acetaldehyde and ethanol contents were low. Sugar



contents of tomato and Alium fistulosum was not the differences among
treatment of kind of mixed gas. Ascorbic acid contents of tomato and Allium
fistulosum was gradually decreased in the 0:30, 0:50 with the rate of CO; to
Oq, but it was not difference among the treatment of mixed gas in leafy
vegetable. Weight loss of tomato and A/lium fistulosum was not difference
among the treatment of mixed gas, but ones of some leafy vegetable was
comparatively high in the 0:30, 0:50 with the rate of CO2z to O.. From
results of the value of sensory test in visual quality and off-flavor, it was
possible that the self period extended to 2~3 days in the 0:30, 0:50 with the

rate of CO2 to Oa.

From these results, we suggest that packaging metrial of the OPP 40um
and oxygen injection of 30~50% could be keep on freshing for a long time
in case of marketing directly to internet shopping or mart and marketing

under the low temperature(13C and 5C),
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W ogson EAqdvin AZehs 4zte Aol thel ol 47l Awa Azt

Pv=nRT (2-1)
n= n]\[? + n002 + 7102 (2-2)
Aol el PyV=nyR1 (2-3)
PCOZV: In’COZRT (2-4)
PV  PyV Py V. P,V
w2} A BT - RT + RT + BT (2-6)
= P =Py + P+ Py, @7)

1715 Py , Peo, , Poi= 217t 7k22 Ny, CO, B Oy9] E<felet ghrh,

a8 BR ol 4V|Ale EFEd dElAE 1 dEe 7 i wde g A
o] ®th EStolzk &ol= o7l disiARt EpdsithE Zlolth iEStolwh
Mol 2z AR BA= e AR Qs J&s wx o T A
Qt(total pressure)< 7} Ao Aol FFa 2

Amagat EHol| A= 7} i AdEEe 72t o] EFEY wdd g
eEollA vxoz EAstE AR o] sl o] A N, CO, ¥

Oyo] AA 2 Vi, Voo, Voolth o714 2 A3 EF&e] thzdo] o] 7| Az

AZFEo| )3 A : Pv=nRT (2-8)



n= Ny, + Ngo, T N, (2-9)

el ol A PMV:TLMRJ (2-10)
o2 HFH
pv_PNZV Poo V. PV
RT - RT ' RT T RT 2-19)
Lq—lj’]_]\i VM + VCO,+ ‘/()2 - V (2_14)
. Vo . VYoo Vo, _ .
T e 7 + v =1 (2-15)
Vi, Veo, Vo, = 31 31
o] 7] A - v v © A A& (volume fraction)e] & 3+o}.
e g ol 7|9 A$olA Amagat REL =9 UHS AdAHEA A5
WA ZF o]l &t AT 2 10 Ha, = I AFe] Wt ok
AR =3l A s}
o] Ao 2 HH
VN2 _ nN2 _ PN2 _
v - - (2-16)
VNz _ _ IDN2 B
2 Yy, = W (2-17)

5 oV AAGTEY 7 A& gty AAZE, EE 2 HY(total pressure)

e g 548 ddets & d=2A A4 VE "ste] 2k

V= nNzV_N, + 72002VC()2 + nOgV_Oz (2-18)

Uaol A 7IAEd=e dntAdd 495 Az B EdEo] o] A7A
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V = nyuy, + noovoo, + Moo, = Vi + Voo, + Vo, (2-19)
7 =1, o] A2 fleol A d Amagat E ot olulelE 2(2-19)9] EE H]A
Hol gre BFEY 4ol BAGe]l BFE BUsth R AHY BeH o)
T AR N, CO, 9 09 B 478 2 A4S AAgn de 448 4
st FAlHe® ol d & vk E¢E Ee A4 Tolle £ & ol A

71 AA WEh FAs R F2 ARR 22 o] guh olYd AL oldE

Aekar F2a k. o] Aojo wEW o] rAle] EFEL oGV HER
o AL ofF EBtEE FofEt & 4 vk Y o) &A= Wl A RS E S
=olaL, ofd F7e uAELA R AAEAE EFdEH. ol NHHoREE

o] Fad gt st AR Ny, €O, 9 Oy FA = o] 3714

AEel dsiAe 24(2-19)2 ddstant
(Va —wva) = (Vp = vg) =0 (2-20)
b He $A Ee EFES ol 8AR Aoz dv. a#E=R o A

ofell whEw o] Fg A= o) dTIASEES] Aok AR AR N,

V= wvyn, + vgng (2-22)
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N, COy 81 059 & nj A= el

: ..:'.':__..'
S .ﬂ'p -
2
L= $.I-.'l
] 4+
F=d |
|
g
- r r,
ik | .
[ ] | 5
Py X 1 1
Ty 1 |
= 1 ;
= | 1 o
- | — | - 4 k| I'.'-..".,l
- | ! “‘\- [ ft
E %5 - — = B . .l\.‘ S—
[ =] - - SR — | """ %
] A \
080  E— —~ — - a a-ll—-—‘-l-‘pq-
| L1
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ool | | | L | 4
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Reduced pressure, Py

219 1. Generalized compressibility chart

qE E¥, & 7IEo® 80%° #H&, 10%°] AFA, 10% o] 4bstgkAql

N

AEsFEo] AHel 0.02m3 EFE el 27C, 0.3MPag] JeHl= AAsoiH,

of EHANAE olgeATT Ftm YA ool Y A AFS TR

il
2} (1-20) V= (vn)y+ (vn)eo,+ (vn),
=, v= (l/;))NQ‘F (yZ’)coz‘F (?/;)02 (2-22)

27, 03MPasl el Ny, COp 2 Op0 WAAE 2 5 Q= delaEst
lom 1 ERHH of £ greelAe] 7 Aol stagelAde] B uA 4

& T4 W "k odd delEst glg welt YuBHUE(TY DE ol



2= — 9379 P, === =0.0885

27°C, 0.3MPa¢] CO, o tjalA

300.2 0.3
T = —_— ——— = = —— .
T 0.987 P, 39 0.0406

27°C, 0.3MPa2 O, o thajA

[\
)
w

300. .
T = —_— = = — = U.
"7 1518 1.9393 P, 5 08 0.059

AguksletE=Ad Ao o8] zF AR FEn)

s

—  ZR T _ 1X8.3144X300.2 5
VNE T = 300 = 8.3199m° /kmol

m ZR T _ 0.96X8.3144X300.2
CO, P 300

= 7.9871m? /kmol

ZR T _ 0.98X8.3144X300.2
P 300

;022 = 8.1535m? /kmol
= 3 AdAe] wAA

v = 0.8x(83199) + 0.1x(7.9871) + 0.1 x (8.1535) =8.27m?/kmol
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aga U e 7 A

rie
Sh

o] & A =F(kg/kmol)
yM) co, + (yM) o,
)+ 0.1X(44.01) + 0.1X(31.999) = 30.0113kg/kmol

M= (yM)y,+ (
— 0.8X(28.013

_ v _ 827 _ 3
V=97 T 300113 =0.2756m" /kg
_V_ 002 _
m=- =926 — 20

_ PyV240x0.02
"y, = RT ~ 02968x3002 — 0-0939Ky

Pco_z = y002P = OlX(O?)) = OOSMPCL

~ Peo,V 30X0.02 B
Mmco, = ~RT ~ 01ss9zx3002 — O-0106Ky

Py, = yo,P = 0.1X(0.5) = 0.05 MPa

PV 30X0.02 B
Mo, = T = 02598353002 000769k

ekl o3 e s s
m = 0.0539 4 0.0106 + 0.00769 = 0.07219kg = 72.2¢

%13 26 B2 §719) AAS 002w nAse] AASFAL A9

2 So] dogE 7FAxAHE 0.8mole N2, 0.1mole COz 2 0.1mole O:& 3a}
As o ¢FHo] O.dbarol A Sbar7kA] F7HAIH S A =5

OT LJ—O7]—O]] U}% o]%@
F 194 E 7}27} ideal solution AE|E 38

F 2% ol7IA AEelM 2 7}



E L7k &7 AlA 0.02m el A Th=2AdHE

1A

ol
tlo

OHL

Jn

solutiong} . 7}A 3k

[e)
e 7

gas®| ¥ A A&

ol-gsto] AN

0.8N,+0.1C0,,+0.10, %

3 e% Zobe] whg olgd AW} ideal

25 - oy Wsle & ey TEE 0.8N,+0.1C0,,+0.10, (g)
ol&d

; 0C 10C 20C 27°C 30C 40°C
0.1bar 2.653 2.5594 2.472 2.4144 2.391 2.328
0.5bar 13.265 12.797 12.36 12.072 11.953 11.641
Ibar 26.53 25.594 24.72 24.144 23.905 23.282
3bar 795912 | 76.781 74.162 72.433 71716 | 69.847
Sbar 132,652 | 127.967 | 123603 | 120.721 | 119527 | 116.412

T 2.7k~ &7 AA 002wl A TFAx

WS 0.8N,+0.1C0,,40.10, 2

A A st(ideal gas® M AS

39S dE 2= FUtd mE ol &
w7} gas®] partial pressureE o]-&3te] A wFA AL
<= -9ty Wl e E3FWe FEH(g)
o2
o 0cC 10C 20T 27C 30T 40°C
0.1bar 2.642 2.549 2.462 2.4048 2.381 2.305
0.5bar 13.212 12.746 12.311 12.024 11.905 11.525
1bar 26.425 25.492 24.622 24.048 23.810 23.049
3bar 79.274 76.475 73.866 72.144 71.430 69.149
Sbhar 132.123 127.458 123.111 120.240 119.050 115.249
29 Botog olE2Hog AHS ALty 2% 20T 4% &% 719
Ago Hotoz A o] viA Aoz AAE AZF ZrRtd 0.1~1bar B

&= <0.1g, 3barel A+
227F 0.5%

olsk7}

<0.3g, bharl A& <05g %A 4%
& AATE 9 oA A 3 AA A



s %_

) wa B A

A= 0.3% AL olsrt

H 0}.0
=4

87k system FAE o] &gk Ay A

24590,

el =(A4d A
A gk AA AS gt

@3} 2

=4

)

%3 7k 87 AF 00emd 5 Aa7hAE FUE 9 G ex 2

ol e oled Awws)
2% qtel wistol e 2 @N(g)

OLE_:]‘
o 0cC 10T 20T 21C 30T 40C
0.1bar 1.973 1.904 1.839 1.796 1.778 1.721
0.5har 9.866 9.518 9.193 3.979 3.89 3.606
1bar 19.732 19.035 18.386 17.957 17.78 17.212
3bar 59.197 57.106 55.159 53.872 53.339 51.636
Shar 98.661 95.177 91.931 89.787 38.899 36.061

E o4 ks 87 AA 002wl &5 ol MHBaTtAR FUY ) gy &
% Zrtel we ol&d Azwslideal gas? FAFAL A4S 7 gas

partial pressures ©]-&3ste A FA A

2% ool wael we A%C0,(g)
x
0C 10T 20C 21C 30C 40C
o
0.1bar 0.3875 0.3738 0.3611 0.3526 0.3492 0.338
0.5bar 1.9375 1.869 1.805 1.7632 1.7456 1.69
1bar 3.875 3.738 3.6107 3.5265 3.4916 3.38
3bar 11.625 11.215 10.832 10.5794 10.4748 10.14
Shar 19.375 18.69 18.053 17.6324 17.458 16.901
% 3, 4% 568 o7 A, oltges, ATt AE Vs £7] AF 0.02m
of F9% w H} E Frbel webd ol2d AP gdeal gasw 7HE5H



9E AF ZF gas? partial pressureE o] &3] ALAE FAE Fo|t)
Ao A4 v FL 08lkg/Lolyt 714 HF L 1.25g/L=2 A E£XA 1LTF
71ghe Aavs AAAF] 643u7F Haw 1.25g0] FHHTh EFA 10 x 10
x 10em EFA7] 80% LFES AMAE P 20% tAE FYIa Y
%= 025g°] 28¥S & F Utk
E 5 7= &7 AA 002wl = ALt E T o 4Ey 2= Tt
of m& o2x HFWsl(ideal gas® 7HE3tAS 49 2 gas®| partial
pressures ©]-&3to] A=A
<% o Wt 2 A7F0,(g)
o=
o 0cC 10T 20C 21C 30T 40C
0.1bar 0.2817 0.2718 0.2625 0.2564 0.2538 0.2458
0.5bar 1.4087 1.359 1.313 1.282 1.269 1.2288
1bar 2.8175 2718 2.625 2.564 2.539 2.458
3bar 8.4524 8.154 7.876 7.692 7616 7.373
Shar 14.087 13.59 13.126 12.82 12.694 12.288
ojxtstet o] M| F2 1.03kg/L, 7IAH]F 1.982 AA 24A 1LG 7]
ste olilslEt A= Ao AzFe] 521w HAaE 1977ge]l FUHT EAA]
10x10x10ecm EF=Z 7]l 80% L& AALE Y1 7t~ FAdHFo] £ 20%
0% E olits et Aa AR FYSE 0.12g°01(1.977g/Lx0.3%x0.2) Y= 7] 4
s aiwe] Al AF7I7IZ7E aH L e AAelt AbAke] HAHFT
1.14kg/L, 71AI¥] 5 1432 AA 232 1LG 7188 Atas A2 =] 7984)
Ha® 143ge] 99T A 10x10x10ecm EF A7 80% AP EQ AAE
Y3 E3ta FUF] F 20% T HU 10%E A7t AE FYSUE 0.04g
°](1.43g/Lx0.3x0.1) F4 =71 faid =l AL AF7717F a7 = 4
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04ge) 0.4%9] .41 996% Fw/AA Aol #F & 9des APARE Fiol 2

PN
4@ & A

] o] 2H nFE Fae] UMY 2ANE AsHom AT w1
Aefstz] AsiA = £4E71 MFCE o] &3ato] z2te] 7tafpas d&H3H o
A% mixing chambere] B uUlA 24st= W A7 partial pressures ©]-§
3t 7h~9] FES A A mixing tankol ZFAFY] JFAES HUjo] IFHAF o R

kel §7)o14 EFE FAE ol et e Ak

m

2715 AA BA

M

A3te] |29t A M@ RAEc)

A3- £/t~ system AA L A=

1. MFCE& o] &% &£3d7l2 system AA 2 A2

7t 2AQHE AsHow Aoty flste] Zzpe] Tpse] fEH|E
Z4% 4 9+ MFC(mass flow contro)E Ab-g&3le] 3712 system= A 2Hs}
Ak 27 29} o] Zzte] £33t 2AM| wWE FES A Alolshr]
sl ZZ7)2 AL I, solenoid valve® 7FAE AHET ¢ YRS HAT
ATk MFCe &7 dwtxor o729 AdH|oA Ho] ALY e die

20L/min, ©]4ts}

FE&

2% 10L/min, 2% AFEHE A4 7b2E 50/minZ 74 51
% 33 o] MFC(3]A}: Hitachi Metals.Ltd)E o] &3to] 37}4] 7}29] ZAH)
02 f

Hete® AAea, a8 49 o] 1oz Agdgor Fg/tA system

71715 A#skalvh

2

i

ZS ALEH o2 FHF3Fe] mixing chamberol 4] E£&3te] E77]

ol
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¥ 4. MFCE o] &3k 2388 13 &% 7F2 system 7]7]

w AFME det & 124 A =g MFC &%
7}2~ system 7|71& ©]&3dto] AMAEA 7k systems 1H
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I3 5. MFCE o] &3k 238 23 &£37F2 system A%



7} ghast Axel 7hx g7lA ] FHE AT F AEF 14 el
get=s AAsteh olatsteat shael A8l 30T Heol 7187
9 Aol AE Asstdr. AdeA G Aod & AES 24 49
FAACAE AAGAT. TR systemE 14 AFE MFCE EiIs

system 7]71¢} SdsHA AASte] ™ 99k ol Al EFTEE Ao A

1 EIFI O TR

JH*I




2. 7129 AFH B¢ Ao programS o] &3 AEF EFIIE system DA
2L A=

7} Mixing tankE ©]&3 &= AA 2 A=}

2g7tae] AF Aol AEE FPAEA FAA oD A%

rie
2
-
o
R
rr
rt

37] ¢3ke] a7ke]l MFC thAal 714 <949l partial pressure 9 partial weight
WS o] &3t Az d systems 1Y 108 o] AAEATH(A2E o]EFH A
= 871dA FuEeE VIAE 1A 4E

],
4H AoAE FAA QAN FHL §ANTNES AAsIGon, 2o



digital type ™ A NAE FHA FEHe= 7h2o] dEE AlosEA
solenoid valve 1, 2 ¥ 302 Z}7Zte] &0 =272 22T £ JeE 220
3l &9t FFE 7FA~E check valve? 9FE WA s

1250mL= AA st o, &3k¥ 7k~ 5 mixing tank®] &% 558l & HtEH
a9 73 Zol AAsNY. £d’A &7 7FAA 8 S pressure sensors
o] g3t fHe] AV we}t Vta FFHES AT F JE systemS A
At o] w solenoid valve 1, 2, 3, 49} pressure sensore= LG GM6-PAFB
PLCE Alojstdiet. A2EA 2AGA 35 7F2g710A 7] A7 £

| 72 Agow ¥udty] f18ke] solenoid valveE AR8-3FAT
; L= NE—FAFE
msyalatnr i ) FLE
— malarsdd - -
i}?‘— - wab | - Fy
I g o R T LT
i || pump
N2 [T / L ﬁ_ .I.-"
; 1 1)
o mnad
-'.li.:'.l"_E! A 2 Mmixing
Tanit
oz
; ikl
A wplal 4
sl LL——
i E! = | .
—_— mired s
Coz

a9 10. L5 o] &3 U2 system AAE

L
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N
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=>4=1
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ofo
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g7}~ system A2t

A E 7h2o B3 2A4HE 02 0 COz ¢ Ny = 10% : 10% @ 80% =



1t om, standard 7FE EFTEAE AEZJAY] (F)E 7oA £33 T
& 17kE Fetdnh. 19 1104 Hels EFE7]= AITHEZ(USA Gast) &

o] &3t A AF 0.03MPaztA =&3 & A9 A=

N
o
=
2
k)
T
N
N
=)
o
N
N

25 025MPaZbA] &ttt olwl Zhzhe] 7PAgE J& 01ge 7Fd A71A
% (Shimadzu, Japan. 22kg)< o] &3te] 7t~e] ¢S PCAA #As FAAT
=gE bze] B9 2A¥E= GCE olgstel E48iddth. a¥ 12= & Al
A AR 3704 7hse] Evlel me i+ @S MFC(Kofloc, Japan)= Aloj& 4
JE Ar¥xdE E37M2 systems zEE 7]7]olth. COr-gas® MFC &3
10L/min, O:-gas®] MFC & %2 5L/min, No-gas® MFC & %2 20L/min® &2
TAsAT.  EFI7FE systeme 7F=E7] — AEGHAA — MFC —
mixing chamber — solenoid valve — £%7] — F7|&dRF) - 487 U

o £F7t: BFoE FANJL. ERE 429 £F 2YuE GCE o3

o 43l c,

a9 11, 8718 o83 A

hol

o2

& a9 12. MFCE ©] 83 HA38& 2

22} &7~ system 7]7] 2} &7k~ system 717]



L 7h2so] Ak 294Alo] programe ©]83 AHs 7k~ &3 system

1 AA

e [ Lra ) ..." L J
| | /] —= Sokok vohe 4

1913 Strain gage$} air regulatorS ©]-&3 AHE 7k~ &3 system AAE

B AT AR EPvks 2] tet JEsk S5EEA AR A

" AR AT FHEel AdSUA AolSt mE WP A PHS

r

AABIATE ARE Z7ke] 7ho] Adule] et WstEE ds srbae] dEe
2 AlZE] Aol 4 UL E strain gageS o] 83 PO R AU, EAE=  air
regulators ©]-83te] 3714 7he] xAule] uwhel WislEE 7hae] EbS Alod 4
A& AR, A= 7k 2Adulel whel wiske)= AR} partial pressures
BAl o AlS & 4 AEE strain gage$} air digital type regulator® TAdske] 19
133} zFe] AASATH

7k &719] 12 e xd7® FES macroshAl AAskar, 2%

}_
sto] AR dHE 24T = A Ao, 3R STk 2AdhEl



T FAZ Aod 7hiaE mixing tankZ FRE] SHE £ uE FAE

&3y 719 87183 A4 TAA7) 10em x 10cm x 10cmol] 809% & Fo]
20%7F E7tE SHRAA et AASHE 13 244 021 &7t 428
HA AASAY. E§rEse] 7

& 10%2 TS0 s B9 £k 99S Shatd FRAS o

[>

Qv &S ZHE HA 80%, Ak 10%, olitster

Aol 2EF 357} 2108, Share] AS- 3158744 THD F YR EFTEE 8]
o) §For AASIL  PLC IVl 2&e g8l kanAl zgesh Az
429g, ©12t3lE2 861g, AtA 6.2g0] FYHES BARIAS T AAT 5 gl

A A A S A

-

=]

i
AT
sl

LN
= 4P

I8 14. PLC Aol Z2a8 AAE

Mixing tankW 9] A7t~ FA7F 42.9g0] HW S/V 12 off7} H31, S/V 2

= onle &2 FFsla, thA] o)iste AV A 861ge] FUHACE YW S/V 2



7} off, S/V 3 on &4 To2 FFstAl EE 7F27) tanklol FYE & S/V
47y Zsete] Ut~ 2AVIE aEE A AASAT. ¥ 14+ PLCE
strain gage?] AW 3lol] utgt S/VE Aoste dudEHS UeE = 2Ho|th

2) A=

a9 167 B Ao A A2 37H%] &3 7F~e] ZAH]Y wEl mixing tank
o] 7F2e] A#S solenoid valve® Alojdt = & AMAEAF-E weight control
Sk~ systemolth. Or-gas$t COs-gasEolA E0lQx= 7hxo] Aol &8
Tl FAFANA 10%7F HH S/V7E Ao] = Np-gassollA] 5] 7429
Aol &gl T FAlolA 80%7F HW S/VZE Alojrb €nh EFUEA
system®] 7}2=Alo] 5L 712 E7] — AL AHEAo|X — O solenoid valve 1
— mixing tank — CO: solenoid valve 2 — mixing tank — N2 solenoid valve
3 — mixing tank — mixing gas solenoid valve 4 — E&&7] W &7}~
T oz AT HAFIDAA solenoid valveo] AolE = e W=
odE E9, mixing tank® FUEE DA, olises A4 SAE HA 429g,

o] 2kt A 86lg, A4 6.2g0] FUEH =S HAAAES Fall A8

1% 15. Strain gageZ ©]-&3F A% ¥ 16. S/VE AHE3 3871

E37}2 system 717]



32 regulator UNI($*% TYPE)

(Input 1.0Mpa output press 0.01~0.8 )

E— T T

247](4Ad TYPE)

(Input 4~20mADC output 0.05~5kg/cnt)

A4 As 2 23

E=1

1. MFCE o]&3% E37h~ system ¢ 7kA2E3 2gH] £4

232 AAFE MFCE ol &8 E¥7h2 system?] 718 ALgate] Az

x
i

o
ot

e LR

W

Sl =
43w g



GC(gas chromatic)® ZAH3s Qo 1 Ax:=

6, 791 YEFHT

AL

X 6. T Ao} o]itstetAre] FetRAu|EY GCE FH4 Fo A

Hl 1l A %]
Nz : COy F¢ Ns : COs peak area Ng, CO2 peak o] WA
shetxAdnl & B & (GCEAA]) Ny CO»

97 + 3 97.8 1 2.2 418680 9232

94 1 6 94.8 1 5.1 454255 24791

91 1 9 91.5: 84 417114 38332

88 1 12 88.0 : 11.9 419771 56878

w7 T2 Al hael Fex

HE g3 GC= 24 o

Z2nlE Bl

=4 A
S = orme | Nzt Oz peak area N2, Oz peak Fo] HH
Ng @ Oz UM & e N Oy
97 - 3 95.5 1 4.4 419816 19343
94 1 6 93.9 : 6.0 417301 26769
91 : 9 91.3 : 8.6 402394 38308
88 112 88.6 1 11.3 393464 50128

Wi 24
No : COg : O9 Ny : COg : Og peak Ng, COs, Oy peak x| HH
T Y& area H|& Ny COq 02
921 6 : 2 91.8 :5.5 1 2.9 421539 24100 13341
88 : 8 :4 89.0 1 5,5 1 5.3 407270 | 25589 24625
84 : 10 : 6 87.9 1 5.8 1 6.1 395407 26514 27735
80 : 12 : 8 84.4 1 6.7 1 9.7 386960 | 31074 39921




=
T
-

H}j =]

H o2 Graham

=
=

E37bze] 24 &3 MFCl e
A& w24 01-08 %H 92 4

]

Pz
L

6ol Al H o] Fof

-
3t

@M oAE RN T B YR d BT ok X W ~ B < W
L L A I NP R AR
L R e A TR T LD = I -
of = Af_. oT o N LR ﬂmo 1,U_H = K H_/| E.W & | -
w5 o 2 o5 o T o4, T O o R -
=S ,A]L T WX oy P& of X <° 1T S 7 e e
du o o) rd R EUR S T = L =
= mow P oo O o WRW 2 4oz e N
) o ogn X 20N o © 0y w T OS ORN po0 o8 TR ¥
= 4w 8T m oz oo F e o, FoE oy o m MOE %
o T T N i L
R E R R E R I S
= ! — =1
fiFc.fzziTiicss $I%y
— N B = = o __m,_ o o X° iy S - Y X 2 m
— ° o) AK - Wi - — N 1o %
R R o N ° = X o N %0 N oo o 2
mE W= S 7% I T B ) W = O
) _ o M W o i N N
% W o TN e < ﬁ < 2oy N N w2
L iy A = M COS T oo o= X
T o ¥y Uoq g ok I CC I
< ) TN TR <~ A
= % o w/o,%%ﬂﬂﬂk%i% i RO
—_ o ) o —; ul ,O' —_ nn_:h
S A % SR o P Re o S Z
R T O N (N N O TR O e s L
4 o= o % ~ o R oA R = Wi | AN
G R o BT I S A - R
a0 B © R T ) T
g ¥ x P o5 oq i Z oy @ ma o Eomoe
—_ _— — ,L ) _— ﬂ.l
A S o o x oy T Ry
LY T 2 o N S - SR S = T oox o~
= o oo X B g4 W m 4oy NP 4 o om o N
BOF S o w [\ + Ak
w . WO ¥y [ONI- o Nz
< = W o ® 9 oo
T ow T8 ox 28 ol E R W oo B
o 3K S B o™ T X oW W W oo
T AR 4 R B o W ow K oo W o4 o of ok W T R X

2kt

k)

A= 7lso] s ojor

=
m

fsi3
=

te] s 8t

o]

}

A
fui

<

fol A} AHow

°

s



2. 7t29 AFH E¢A ] programe °|&¥ AT EF7tE systemd] =4
H A= 24

=]
= 724

ot

7}, Mixing tanks ©]-&3F &37F2 systeme] Z/dH]

T3 8IE o] &3 T systemolAE E3E7]9 0.03MPaztA HEFAZ =

d

7t s 948 0.3MPagl 7oA 87 FFEAIHS A Not 24g/sec,

O.= 2.17g/sec, CO.= 2.79g/sec £5 2 FaF¥Ux, 8719 <+= 0.07MPa

>

ol FHEAAE AF No= 246g/sec, 0= 2.8g/sec, CO= 3.lg/sec &&=
7h2=e] Aol 0.1-03g AolZ Abast ojitstRiai= 05%4kE, AAE 1%0]3)
o] A7 HAsA

o N2
Kl ——02
—e—co2

a9 19, £387F2 system®] H A, o]abstebA Aol fF3H] (g/sec)

A, A, oitstg A eEFvbaolBR 37bA] JhaE A O we &7

S9e W ANHY GHYAES] BE PFHAAF o|BHoR Fahu, s F
¥ 2w 0~50C W Weld EFE W COyThat Tr=l AERA Prol

oo

A S7hdo2A 2k & TS



Lol317F 50] o171 AAT AHWst RN 5 ARE FFHAAE 09 oo

specific volume
Tr(reduced Pr(reduced | Z(Compressiblity (5bhar)
Gas Type N S
Temperature Pressure) factor) 0C 50C
(m3/kmol) | (m3/kmol)
O 1.76-2.09 0.002-0.2 0.97-1 8.904 9.889
CO2 0.89-1.06 0.001-0.14 0.92-0.98 8.904 10.534
No 2.16-2.56 0.03-0.3 0.99-1 9.086 10.749
37 22z ¢ Oy, COy and Nz = 10 : 10 :80
(=99 0 -50C, ¢48EHS 01 bar - 10bar)
7b229] £%7F 0Tl A 50T R 50T9 2=AX7E Qo Abarbsel w7

WA3hg 2 996%, olibstebao] vl Al A WEtES 1547%, A9 HlA A WshE 2
1547% 2 7}2~&3%o] B7basi, 22l 20TelA 30T7HA 10T 2=A A WS
ol 7zt 3709 wAlA W&ol 167%% 7HE HA 2AEAT F 99 B4
of mE 7tAERV EFAL, SR AR 25 + 5T, Nt=EF 871

o] k¥ 2 bSharz AMHUAT. MFCE AHE3 T GA 26 APNA(GE 10) b4

=

b
chamber frig w Z} 7kxe] FHAAE F2AZ 5 7] Wl 2
&



DG LEG} Gl BASHOR ARF F2 FAAYORA Ahe Ak

TbE <05%, ol EEAE 07%2 U} B4 EAHACHE 10).

# 10. 7}F2=E 3 system?] 220 &

Experiment
gas type Standard Weight(%) Mixing Tank MFC
wt(%) | error rate | wt(%) | error rate
O 10 9.81 -0.19 8.81 -1.19
COq 10 10.72 +0.72 12.9 +2.9
N 80 79.51 -0.49 78.2 -1.8
100 100 100

(Oz 1 CO2 © Nz = 10% : 10% : 80%)
(55.8L; k== <] ; 0.07 - 0.25MPa,) and MFC

U 7hze] A 9 EGS o83 A% EFIIA Ao systemd 2AW] A=

2% 202 AAEGE DY control EFVFA systemS T A, A 9

ojatstelr o] gfele] w2 APHsts A F(Experiment value)d} o] &4

ol #H(Theory value)o. & W] ad 1@)Zolt), 1~5bare] WA vlwa 2z}

T

o]

rt

el at AFAQ o] AFE o]F:; USE & F Uk I eAE
ewofl 9% Zo® 27CE 7IFoR APy
Ao} Aloje] Alzkatel]l o)s] wAlE Aoz AZtETh AaEFE A control

E@7b2 systemol A= EFE719 00IMPakA AE F haBE RS Aol

AdEists S8te] S/VE Aol A3 7ha gEehE 0.1MPa)l 2olA &9
&7l TEAIHS A5 Np: 223g, CO. : 36¢g, O, @ 1.6g (3 11), 0.2 Mpa<!
z0l A, Ny @ 43.7g, COz : 81g, Oz : 59g (3 12), 0.3 Mpad = N, : 43.7g,



COs : 81g, O2 : 59g (3 13). 05 Mpa¥d W= N, : 65.6g, CO: : 125g, O, :
87g (% 14)= =gHAt. dF controlZ A& THA2"HL 7lAEs 87

of HAEF 2AUE AT LEsh Gl BAsHon AP FL

:
o4
al

5 S/VE Aojstes HES AE3Su  0.1Mpa 0.6%, 0.2Mpa 0.3%, 0.3Mpa¥d
0.3%, 0.5Mpa 0.3%2] 2*}F

oL
]
o
>
N
[>
rlol
ot
o,
)
u

i

WE, COG, OF = S of & O Ul

m
] _——
o "ﬂ'__;.--"‘ll
]
=1
0 -
= 40 kT
?: E2l _F'_'_,_,-r"'-'- oaE
= i
A e ek iy
T
) F_,};ﬂ""— ==
all
. i
1 -
- I
h — —
[ & &
I b Fhai T Sk

o Thae)

ad 20, =5 Nz Oy COx7k2s old7IAz= Hoked 97 §7]
(20L)ell F=UA] S 7hs9] hES7bel mE Ak
o7 Al MA 483 ¢t - AF WHH|(Theory Value)

prtaE EYTE

o

7ol F+94A =" #AZF (Experiment Value)

0.1Mpadm] 2] 7FAa7F Fiso] Alofol ofefwo] AMAT dHe] =4

F3le g AEsiA =g 4 AAdTh oF 0.3%~0.6%2] ©] LA strain
gages} PLCZE] &4 o4} wfjFo @At Zlo=z Hlt



1L EF7F2= 241 0 0y COz 2 Ny = 10 110 80

E. M. V T. M. V
=5 } Ny CO2 02 )
N co 0 7 &7
% ’ ’ ’ B (0.8bar)|(0.9bar)| (1bar) |
22.4g 3.4¢g 1.7g
1 27.3
(0.79bar) | (0.83bar) | (0.98bar) g
22.4g 3.6g 1.6g
2 27.6
(0.78bar) | (0.82bar) | (0.98bar) g
20.96g | 3.862 | 2.86g |27.68g
22.1g 3.7g 1.6g
3 927.4g

(0.77bar)| (0.82) (0.98)

o+t 22.3g 3.6g 1.6g 27.5g

N2(0~0.8bar) + CO2(0.81~0.9bar) + 02(0.91bar~ 1bar)

(ZE=WS 0 27C, E¥H 9l Obar~1 bar)

¥ 12, =87k 2A4H] 0 Oy, COs 2 Ny = 10 110 =80

E. M. V T. M. V
T ) )
R No COy O3 A Ny CO2 6)) A
2
33 6.2 4.7
1 £ g £ | 439
(1.5bar) | (1.7bar) | (2bar)
32.9 6.2 4.2
2 & £ € | 433g
(1.5bar) |(1.75bar)| (2bar)
32.9g | 6.15g | 4.65g | 43.7¢g
32.9¢ 6.3g 4g
3 43.2¢g
(1.55bar) [(1.75bar)| (2bar)
A4 32.9.¢ 6.2g 4.3¢g 43.4¢g

N2(0~1.6bar) + CO(1.61~1.8bar) + O-(1.81bar~2bar)
(=99 27T, &= w91 Obar~2bar)




3E 13, %72 =44 0 0y COz 3 N2 = 10 110 1 80

E. M. V T M. V
T } No CO2 Os 3
_ N COs O SHA| SHA|
55 ’ ? ? " {l@.4bar) |(2.7bar)| (3bar)
42.9¢ 8.9¢g 6.2¢g
1 58g
(2.15bar) | (2.64bar) | (2.96bar)
43 8.9 6.1
9 g g g 53¢
(2.15bar) | (2.64bar) | (2.96bar)
42.9g | 8.61g | 6.2g |57.69¢g
3 43¢ 8.8¢g 6.1g 579
(2.15bar) | (2.64bar) | (2.96bar) 8
o+t 42.96g | 8.81g 6.13g 57.9g
N2 (0~2.4bar) + CO2(2.4~2.7bar) + O2(2.7bar ~3bar)
(WY @ 27C, 8 $1: Obar~3bar)
¥ 14, 3 7F2= Z2AH] 0 COg ¥ Ny = 10 1 10 = 80
E. M.V T. M. V
_ 7 N CO2 o)) ) No CO2 O2 A
e (4bar) | (4.5bar)| (5bar) (4bar) | (4.5bar)| (5bar)
64.7¢ 12.5¢g 9.5¢g
1 86.7
(3.7bar) | (4.2bar) |(4.97bar) .
64.9¢ 12.4¢g 9.7¢
2 87
(3.7bar) | (4.2bar) |(4.95bar) .
12.3 64.7 12.3 9.5 86.5
3 0478 1 21bg 908 1 g6 ) ) ) )
.21bar )
(3.7bar) (4.88bar) 8

)

gt 64.8g 12.4¢g 9.6g 86.8g

N2(0~bar) + CO2x(4~4.5bar) + Oo(4.5bar ~5bar)

(£EW9: 27C, ¢+EHM 9 © Obar~5bar)
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@O MFCE o] 83 ¥4 system ¢F 3%7HA] @271 @A 38ks o).

©)
(ol

F4715 o8 ArxFE EP/IE systemS EFUIE ZAHE
<A%W|R7AA] Ao 4 YA

@ 37Fe] MFCE o]&3tA] Zaux vx 34875 AHEste 729 T8 4
3] Ao 4 Y= systemS HEE = )

@ Mixing tanks &% &37F2~¢ F%7} mixing chamberg &

=
ol
oot
N
[>

=1} A3 58g(3bar), 86.8g(5bar)d] E&7tAE A& 4 9t

©® AZF 4Egs o8& AEXFE EFTFE systemS EFTEE 2]

i

< 0.01%7kA4 Alold 4= AUt
®

ok
)

—

}87]E strain gage® ©]&83 ANALEXFE EF7F2 systemS Y
°ox AojgorA NAAH A} FwIF ¢-Foirh
@ 7kl MFCE ¥ gage®t solenoid valve® WAz 29 AEAol7F &
olst7] wjZel F7td F& A7kl A AHSA A F Sdol FAAA b
o= {jo] 7k sttt

1. o1&, AHw 2001 A71AES A3 3uF 2 3ye] CA Aay Food Eng.

2. oldE, &34, o4, F &, Z33%. 2002. Flow-through Al2=¥-& o] &3k
FAHE WMErE A S A" A S EdUIAEE =T H
3. 0ldE, &34, o]dS, AE, =¥ vt 2003, el Al AT A=
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E=tH(Goddard®} Mathews, 1979). 8y A&
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=
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T3 Fom 55, SAAE 59 AP FS ASEy, olgd AT FS A,
FE5 T AMEY TS AsA7IE 9ol @ 4 Adth(Sacher, 1973). 53] &
= el

w ohel, of W WA

U oy A ARE AR 2S5 "o

AF2ed WA FASEEA #E] AYdss JAstE dHe M B
Asty Aottt Burzo(1980)& 18714 ¢ e dES thaom 3 A3
A ZFEo] 0Tl nls) 5Tl 1.84, 10CE 284, 15ColH = 454, 70T
oAM= 6l 7FA] Frbetthal s Th fAEE S(1989)2 7HA, dW 2 Qo]+ 20~
25Cdw S5 ol F7stal 10T o]atel A= At S §#7(1971)2
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A& 10 AgEE AEgel 1790 FAHM 0TAAE 2007 fAH
shelch
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1. AZ2=d & EviE R dive APy 54 R FAWUS ] A=

FAE 1A F7kelA B AQ el oa AujiE EviE CAANHFE

2

2ok ap(FFLdvahHE 242 Fulete] gAARR o] &tk FUH

8 ¥ AX PEPA 75um(Polyethylene polyamide)o] EwFE 350+10g(22x25cm),

o7} 250+10g(15x60cm) & ¥ aL HEdte] A(ef 27T), 13T % 5TCelA 1043t

At A= wE A AHA 545 B fste] CO., CoHiy  oF

AMEGHEE D e 2A891, FAWME 17938 2, ascorbic acid,
3

;5 310l ZH A Ajskgl

= = o = AA [e]
A ZF= AW CO, ¥ CoHy & Park 5(1997)¢] ®Wo] &3¢, AL
GCE o] &39 CO9 oven &% Z 150TC, TCD €% 200C=E 3t &40



2 02mLA FYste] FAsA 3, CHys oven 255 225C, FID %% 200C
oA Fe2o® 05mL¥ FYsATh Column< 60/80 carboxen-1000,
15'x1/8” SS(2.1mm ID)(SUPELCO Inc., USA)Z A&3l3ith oA EL s =
2 ooehbE FAE Park 5(1997)9] Wl <#3ke] gas chromatography(GC,
model 680D, % 1#38t, =4HE ol &3] oven &% 100C, FID &%& 250Cel
A Ao ®2 05mLy Fste]l FAATE Columne 5% carbowax 20M
80/120 carboblack VB, 2m 1/8” OD(2mm ID)(Restek Co., USA)E Ab&3}% 1,
ol F gast AeE HAAE o83ttt Ascorbic acid 42 A|RoA AHIYD
5g4 AF e HPOs 20mLet &4 w2 7]1(10,000rpm) 2 1037 w3 3000rpm

o= 1083 94l

™
ALk
of

Fol 4 S 0.45um membrane filter2 o] 3% 10uL%®
?Jsled HPLCE #Astait}. HPLC (model : SPD-10AV)e] A&

UV-detector 254nm= 3}3l, columne pBondapak VCis (3.9mm@ x 30cm)o =

BASAY. A% F FF 4RES 27 F% 9 gFS WEsz Ueh
oith. 4@ A3 Duncanl BHEA AW @A Ao & EEARE T3]

of

A2 it @ EA4S EntEY Aee B FEFAAA, daes a9
BolA 27zt 5g& AMFA ] 2EF F 3000rpme 2 1027 AR ste] A HS
0.45¢m membrane filter® o33 F 10uL¥ FU3}4] high performance liquid
chromatography(HPLC)Z #4383t & #2412 HPLC (model : RID -10A,
Shimadzu, Japan)®] RI detector, column< Shim-pack SCR-10IN (7.9mm@ x
0cm)= A B v DTS 2T FARSE 1Y) AT #ewdvte 5
Hog FAHE  panel teamo] MWE9 SHE  (4=excellent, 3=good,
)

2=moderate/marketable, 1=poor, O=very poor)e] ¢]3}¢] visual quality %

off-flavours FAlste] T2 o2 deajr F-&7Hs 7|1Hs A3t



2. A2 o] e AT AP 54 £ T2 v 9%

FAE 1A w7kl A w1 gl ol A FF(H AV, A

(AFAF2) 2 ADLEA 12)& 44 st AAEE o] &3k

5

o
rlo
ox
A
o
>
alt
i’;
—_
(@)
o
i}

2 72 30ge PEPA 75um(Polyethylene polyamide)
Hd dEo Yol WEstglom, A2(%F 27C), 13T % 5C 27|l 2+2t 10

== wE A WstE B fste] 29 19

(i1
~
2
o
O

ol
>

2
o

a3 24, ascorobic acid, &4 9 #HEHE HAEA
o S4L 1,3, 5 % 10€9 A4 A ARV T A5 FEe

chlorophyll meter(model : SPAD-502, minolta, Japan)® 2% 1070 A% Ak

A3 A o

K
i

I AZ2=d & EviE R dive APy 54 R FAWUS ] A=
e

Agero] e 35FS ARy EvgEs H24% 199 59.4mgkg Lh'

2 Ae(13C 2 5C) 18~25mg.kg Lhtel w3 2v] o] =4 vehgon I

3 #AE YERITH o] A= AR 1Yo ZE ol
100.7mg.kg 'h', 13C  AAoA  708mgkg th! 183 5C A oA

326mgkg 'h! 2 7t &5 W2 FFZL o

~
i
of
Q‘L
N
°
o

S, A7



grol Aolel wet 13C AgelA] EFol WEA Piste] A% 5AFRH A

2AZA3TC % 5C) Froll= 2 Ao]E Kol FSkth(Fig. 1).

100
s} Tomato - @ —RT
%T{: l ---lk-- 13C
cy 60| —A—5TC
o x
S O
é [®)
S 2}
0
1 3 5 10
200
160 | Allium fistulosum - @ —RT
O — o
T = ---lk-- 13C
c o 120 F —A—5TC
o x
e
5 E a0 f
o O
o O
~ 40 |
0

1 3 5 10

Days of storage

Fig. 1. The effect of storage temperature on the respiration rate of tomato
and Allium fistulosum. Vertical bars indicate standard errors. RT; room

temperature (about 27C)



56 |

C2Ha Production
(mL-kg'h"

Tomato

- @ —RT
-l -- 13C
—&—5C

C2Hs4 Production

Allium fistulosum

5 10
- @ —RT
----- 13C
—A—5TC

10
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Table 1. The effect of storage temperature on the quality” of tomato and

Allium fistulosum..

Storage Storage Visual quality Off-flavour
time (day) temp. (©) Tomato ﬁﬁélllolfsnlzm Tomato ﬁgjflthllloLfenL}m
RTY 40 a* 32 b 40 a 36 b
1 13 40 a 3.8 a 40 a 3.8 a
5 40 a 3.8 a 40 a 3.8 a
RT 24 ¢ 18 ¢ 22 ¢ 14 ¢
3 13 32 Db 36 b 36 Db 34 b
5 40 a 3.8 a 38 a 36 a
RT 04 c 1.2 ¢ 02 c 08 ¢
5 13 28 b 18 b 24 b 16 b
5 3.2 a 3.0 a 3.0 a 3.2 a
RT %W * * *
10 13 02 b 1.8 b 02 b 04 b
5 14 a 26 a 14 a 16 a
“Sensory evaluation table @ 4=excellent, 3=good, 2=moderate/marketable,

1=poor, O0=very poor.
YRT; room temperature (about 27C)
*Mean separation within columns by Duncan’s multiple range test at 5% level

“Data after shelf life was removed
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Table 2. The effect of storage temperature on the chlorophyll contents of

some leafy vegetables.

Storage time Storage temp. Chlorophyll contents (SPAD-502 unit)

(day) () Lettuce  Perilla Leaves  Spinach
Initial - 25.2 32.4 63.4

RT? 286 a’ 29.7 b 58.9 ¢
1 13 331 b 32.0 a 60.5 b
5 29.7 a 32.1 a 64.7 a
RT 246 a 317 a 63.3 ¢
3 13 237 b 31.1 a 68.6 b
5 231 Db 299 b 69.7 a

RT 20.0 a 30.8 b *
5 13 184 b 321 a 709 a
5 256 ¢ 318 a 68.2 b

RT *X * *
10 13 236 a 315 a 71.8 a
5 264 b 32.2 a 63.6 b

“RT; room temperature (about 27C)
YMean separation within columns by Duncan’s multiple range test at 5% level

*Data after shelf life was removed

% gkth(Table 2).



Table 3. The effect of storage temperature on the quality” of some leafy

vegetables.
Storage Storage Visual quality Off-flavour
time (day) temp. (T) Lettuce Eg;i,ue% Spinach Lettuce Egargleas Spinach
RTY 40a* 40a 40a 40a 40a 40a
1 13 40 a 40 a 40 a 40 a 40 a 40 a
5 4.0 a 40 a 40 a 40 a 40 a 40 a
RT 14 ¢ 36 ¢ 0.8 ¢ 1.2 ¢ 36 Db 06 c
3 13 30D 38 b 36 Db 30D 38 a 36 b
5 32 a 40 a 3.8 a 34 a 3.8 a 3.8 a
RT 02 c 08 ¢ 02 c 04 c 1.0 ¢ 06 c
5 13 28 b 36 b 1.8 b 1.8 b 34 b 16 b
5 3.0 a 3.8 a 36 a 3.2 a 3.8 a 3.0 a
RT =V * * % % %
10 13 0.8 b 08 b 04 b 02 b 04 b 04 b
5 1.8 a 12 a 28 a 14 a 16 a 24 a
“Sensory evaluation table : 4=excellent, 3=good, 2=moderate/marketable,

1=poor, 0=very poor.
YRT; room temperature (about 27C)
*Mean separation within columns by Duncan’s multiple range test at 5% level

“Data after shelf life was removed
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& Toll TAstE &4 FEHEeld e | whel Apol= AAIRE
drtH o ® 10~25%0°l &3t (Shewfelt®t Prussla, 1993). =L F¥ Qo z=
TS BT AA oAUA 2He} ojibstEA HH O o7 CO, HAME & F A
om 53] giH Aol §e AT Aeols ST F A WA H3 A7) o

ol AT Zar 7 2 addo®m yerwn. wEbA ol EAdE A
371 98l AA(Seymour 5, 1990; Mitsuaki®t Hogara, 1981), CA A%
(Arpaia %5, 1984), 7r+A#(Ichiro, 1973), "WANA  ZAHCarol 5, 1965;
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A= Sl o AAAom A COy A Oy F=7F FAHL A T A=
BAT Fae 7H & 9ol He= FAH4ES 9 A8k (Ben-Yehoshua, 1985)
B2 AEe Ay A% g9 a3vr 959 v AtHGolomb, 1984,

Isenberg, 1969, Jeong, 1990).

WA PE & ol &3 Ao MA AFAF = Jeong 5(1990)0] 17+

A

A% T Az 2 AFacle] AZewd FE mAls el v dAFE

Ty s Ao AAF FolM B A7t olFo Mtk (Park T 1992,

=
r >
td
tlo
=
>
2
o
tlo
of
:‘.":’
2
oy
E
off
ol
ol

Park 5 1993). 281} Akx|oA] 43
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A m+= OPP 40um(orientation polypropylene), OPP 50um, PEPA 75um
(Polyethylene polyamide)Z, OPP 40um, OPP 50mell = BOPP+Anti - fog7} = €]

o A T E2FUWE CO, ¥ CHy2 gas chromatography(GC, model

680D, <delx}sl k)= =A3FcHParks 1997). CO; &3 oven =&
150C, TCD 2%& 200C® 3l s oz 02mLy FYste] S4sA

CoHyE oven 2% & 225T, FID 2% & 200ColA s=422 05mLA T3}
Gtk Column= 60/80 carboxen—1000, 15'x1/8" SS(2.1mm ID)(SUPELCO Inc.,
USA)E AH&3k3it

oA ELH S = Bl o gk

4L Park 5(1997)9] Wl Fsko] GCE &
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39t Ascorbic acid 42 AlgoA ZF HeEld 5g4 A FHEe] HPO; 20mL
oF A 2 71(10,000rpm) = 10i7F w3 $ 3000rpm o2 10+7F LAl st
A NS 0.45um membrane filter® o33 10ulL?® U 3}e] high performance
liquid chromatography(HPLC)Z &4 3sgt. E4xHdLS  HPLC(model

SPD-10AV) 2] Z71L&  UV-detector 254nm%=  3}1, columne u

Bondapak ™MC5(3.9mm@*30cm) 2. & BA et AFF FLURLLS 27

ol

|

\

Foll gk HFS MEss Asdsdn. Ad¥ 2= Duncan®l B AWM 3

#3te] AolE EEAAE Fokel BAAE itk

1. 234 EvtE 3 39 FZAWS wA= I

701—

e

= A4 Bkl BAA gel ola Aua EriE AAEF
)9} o R NIE 247k Tolste] FAARE ol Gt EF
pELE

13C &27]e 10943t Agstdry. A dol] e - Az Hsgs 57

rlo
=

Zhol Aol EntE 350g+10g(22x25), t 3}k 250g+10g(15%60)<

Ein
R

_—

Asto]l COy CoHy, oHAELH = L ol&aS SAsL, FEMsE 1796
K

, ascorbic acid ¥ FEEAFS S48 42 1, 3,5 2 100l 7}

—

Z}

ANeAT @ BAe EntEe 9 el FRoA izt oduiLo)

>

747y g S AFAS FE F 3000rpmo.2 10E7F A st A AS
0.45ym membrane filter® o]3¥} 5 10uL® FY3}o] high performance liquid
A Th

Shimadzu, Japan)®] RI  detector, column<  Shim-pack SCR-101N

chromatography (HPLC)Z #4138 93 E24°& HPLC(model : RID-10A,

(7.9mm@x30cm) 2 AT 3 H A FS F4 50



2. TFAE AT FE2HEE vA= IF

AU WA AN BAA Rl o8 A AT, ATA
(AFAFA) 2 AUQEN 12)& 242 Fjste] FAARE o] §atarh.

g et NFA 100g, AL 30g& 7o) £4A6l W W8 el 13T T

of 1043 Astdrt. EFAQ Lol we el A3 WHstE wr] 9ol A

chlorophyll meter(model : SPAD-502, minolta, Japan)® =@ 107044 At

stol BAW P9E YA

A3d 23 2 uF

L. 234 EvtE 3 3o FZWE wA= FF

A

XA FTF A7z WE CO, WMstE A Bt EvfEE OPP 40
(m*]

2 PEPA 75moll A= A 3717ko] AojHe ulg} A F7hste] A4 1094 oF

o,
o
2

A1 EF oF 20% Welm =LA WsketA] @2 whH, OPP 50

42% Wlel & CO, =5 veyith. digtsE OPP 40muiel CO. &#ko] 7}
2 grorom OPP 50um % PEPA 75mm 7rollE= #polE Holx ¢kskrh(Fig. 1).
e A EnfEE A% 194 OPP 40mdl A 28ppmo = 7} kAl g

wow PEPA 75 2 OPP 50 o2 =ttt A7 7te] & Wals A%
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Hir
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ottt o x= A% 59872 PEPA 75l B3] OPP 50mol Al =4

o

Ebst=d ol 7 EAZA Fkol Z1AIFI = Aol 7k OPP 40/mell wlsl 7 th 4

W9 wol A AFAE mrhs 24 AR oF 9FS ¢ AA wR] UE

p

ojgta Azdn. divte] B A 1dRE wmEA Frtsto] 394 HuAE

naleow a2 5 543 #FaE YEhAthFig. 2).
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Fig. 2. Change in ethylene contents during storage of tomato and Allium
fistulosum at 13C as influenced by packaging materials. Vertical bars

indicate standard errors.
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40um, OPP 50m % PEPA 75um <22 =7 Yeputsd, A377ke] AAH

w2k OPP 50pm 2 PEPA 75l Al w2 A Z7bat A oh(Fig. 3).
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Fig. 3. Change in acetaldehyde contents during storage of tomato and Allium
fistulosum at 13C as influenced by packaging materials. Vertical bars

indicate standard errors.
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EAE 7 Y Aol d<lolgta Azkgkth kA OPP 50m¥ PEPA 75umell

=
A FEEALS OPP 40moll Hls) wgtem ¥ EFA gt Aol AA ey
A kgk w3 OPP 40mol A AAZF AE EnfEe AAF 74 38y

p47}

7% (Burton, 1982)E.t} &4 #& 0.3% w|vto]7] wjitel] AAls A= g 4

k)

9 AL YEhA] @ di3te] A= JAIFARETE =3 OPP 40mm
ol A tha =A YeERSHFig 5).
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T AAdA AR ARFHA & $FS T T HaUE dojd e
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Fig. 6. Change in sugar contents during storage of tomato and Allium

fistulosum at 13C as influenced by packaging materials. Vertical bars

indicate standard errors.
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Table 1. The change of ascorbic acid contents in MA storage of some leafy

vegetables at 13C influenced by kinds of films.

Storage Kinds of Ascorbic acid(mg/100g FW)
time(day) films Lettuce Perilla Leaves Spinach
Initial - 6.03 15.68 7.62
OPP* - 40um 7.06 a* 1545 a 972 a
1 OPP - 50um 711 a 1558 a 836 b
PEPAY - 75um 6.92 b 15.70 a 393 b
OPP - 40um 594 a 15.04 a 726 a
3 OPP - 50um 6.00 a 1492 b 6.35 b
PEPA - 75um 572 b 14.96 a 6.21 b
OPP - 40um 547 a 15.26 a 832 a
5 OPP - 50um 534 a 1473 b 721 b
PEPA - 75um 523 a 1454 b 756 b
OPP - 40um 584 b 1452 a 532 a
10 OPP - 50um 6.12 a 14.32 a 439 b
PEPA - 75um 573 ¢ 1447 a 472 b

“OPP; Orientation polypropylene
YPEPA; Polyethylene polyamide
*Mean separation within columns by Duncan’s multiple range test at 5%

level



Table 2.

vegetables at 13C influenced by kinds of films.

The change of chlorophyll contents in MA storage of some leafy

Storage time Kinds of Chlorophyll contents (SPAD-502 unit)
(day) films Lettuce Perilla Leaves Spinach
Initial - 21.7 34.8 68.2

OPP” - 40um 332 a* 325 ¢ 67.0 a
1 OPP - 50 309 b 34.7 a 65.5 ¢
PEPAY - 75um 302 b 339 b 66.0 b
OPP - 40um 26.2 ¢ 344 a 64.8 a
3 OPP - 50m 279 b 292 ¢ 64.3 a
PEPA - 75um 28.0 a 31.8 b 63.5 b
OPP - 40um 295 ¢ 322 b 62.8 b
5 OPP - 50um 30.7 b 289 ¢ 63.5 a
PEPA - 75um 326 a 347 a 62.9 b
OPP - 40/m 309 ¢ 30.0 b 61.4 b
10 OPP - 50um 320 b 319 a 61.6 b
PEPA - 75um 33.8 a 29.1 ¢ 62.2 a

“OPP; Orientation polypropylene

YPEPA,; Polyethylene polyamide

*Mean separation within columns by Duncan’s multiple range test at 5%

level
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1. Active MA X3 o] EviE 4 O FARMI nX= I3

FhE 414 F7rlA Bl HR Bl ofs) AwlE EviE CAA(MEF

EAN

)¢ (a7l tishE 22 st AR R o] &ekdith A e 1
T& XA PEPA 75um(Polyethylene polyamide)o] EwrIE 350+10g(22x25cm),
i 250:10g(15%60cm)S ¥ i Aoz de EPrt=e § "WEste] A
(oF 27C)oll A 53t SAAT. 7t2=A = FA (7)) B active MA(CO20:
= 6:2, 0:10, 0:30, 0:50)% 3t Th 7h=A el W - A4 WsE dolr7|

Aste] COy CoHy oA EZH S| = 9 o gh&S Z2AFSFS AL,

)

g Fo e

=AM E W78 ascorbic acid, FE<£4 2 #EHIE 1, 3 € 5 47

A = AW CO; B CHsE gas chromatography(GC, model 680D, <3¢l

738} )2 =AY HParks 1997). CO; AL oven €5 150C, TCD
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©° % 05mLA
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= T

T -=

=5 225C, FID 200CoA =2 135ttt Column-
60/80 carboxen-1000, 15'x1/8" SS(2.1mm ID)(SUPELCO Inc., USA)E A}F-&3F%
.

o] &3l oven &% 100C, FID &

oA ELH S E H oE&s FAE Park 5(1997)9 WRel F3dte] GCE

2 50CANA F&A02 05mY F9 8]

=439tk Columne 5% carbowax 20M 80/120 carboblack' MB, 2m 1/8"

pu

R

Q
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Ak ALE o8
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skt

20ml <}

USA)E AH&3FAaL

, °]% gas o]
sk A2l 5g4 A3 3] HPOs
el

F<3te]  high

[e)

R

Ascorbic acid 2] B2 Al 7oA

Al
=

A 14 71(10,000rpm) &2 107 mF$- 3000rpm &2 1027F <

5} o]

A} A] ol

Kol
S0 T =

0.45/m membrane filter® 3% 10ulLA
chromatography(HPLC)Z #4139l t}. HPLC(model
S ik

Al

performance liquid

SPD-10AV)e] #4xzAL  UV-detector 254nm=E column&

25 3t

+ % 3000rpm2

Bondapak ™MCis(3.9mm@ x 30cm)o.Z EA13519) A
2] 9] oA, = AdAWMFEANA 27t 54 &
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2. Active MA X% o] g7 FZAWSI v X= IF

FhAE FHA w7k A A ol o e AF (AW, Ale A
(dFAI=A) 2 AL EA 15)S 242 st A A= ol &3t *
e AFek AlE A 100g(22x30cm), A% 30g(18x20cm)S X138 44 PEPA
75um(polyethylene polyamide)oll Ztzt ¥ i oz A Eg7t~9 hr Wi
sho] A2(eF 27C)oll A 5943+ SAaR o, 7txAee 43 13 sdstA st
At Zh=A o] W A A A WstE dolr ] fste] COy CoHy oHHEY
gz g deEs S, Adsd TAHE FAWstE BRU|E o
ascorbic acid, &4 2 #AFHIME AFE 13 A3 wHoz AHAASH
A=4 S chlorophyll meter(model : SPAD-502, minolta, Japan)® 2%

10744 ddste] SAF 918 Skt

A3HE 243 2 nF
1. Active MA ¥£30] EvtE % tiste] AWt vXE JF
Bq7le Aol e 5EFe BuiEe] 49 4% 196 030 2 050 A2

TolA 330mg kg l-h! U9E o 3EFZS wPoL 62 ATE 177m

g-kg!l-h'® WS ) dlsdE= 0:308 0:5000 4 6:2 A e el vl 2u) o]

A we 53%% JeitFig ). Qudor g7 38 Aae R of
200 A=A 62 A2 FolA EFo] A e o fri BuE LAY @
o adtare] BES AT Wl AzH )
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Fig. 1. The change of respiration rate in active MA storage of tomato and
Allium fistulosum at RT influenced by mixed gas. Vertical bars indicate

standard errors. RT; room temperature (about 27TC)
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Fig. 2. The change of ethylene production in active MA storage of tomato

and Allium fistulosum at RT influenced by mixed gas.

indicate standard errors. RT; room temperature (about 27C)
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Fig. 3. The change of acetaldehyde production in active MA storage of
tomato and Allium fistulosum at RT influenced by mixed gas. Vertical

bars indicate standard errors. RT; room temperature (about 27C)
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Fig. 4. The change of ethanol production in active MA storage of tomato
and Allium fistulosum at RT influenced by mixed gas. Vertical bars

indicate standard errors. RT; room temperature (about 277C)
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AL Aseta A 2Ega(Fig. 4).
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Fig. 5. The change of weight loss in active MA storage of tomato and
Allium fistulosum at RT influenced by mixed gas. Vertical bars indicate

standard errors. RT; room temperature (about 27C)
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Fig. 6. The change of sugar contents in active MA storage of tomato and
Allium fistulosum at RT influenced by mixed gas. Vertical bars indicate

standard errors. RT; room temperature (about 27C)
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Fig. 7. The change of ascorbic acid contents in active MA storage of tomato
and Allium fistulosum at RT influenced by mixed gas. Vertical bars

indicate standard errors. RT; room temperature (about 27C)
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Table 1. The change of quality” in active MA storage of tomato and

Allium fistulosum.

. Kinds of Visual quality Off-flavour
Storage time
mixed gas Allium Allium
(day) (C02:02) Tomato ' Tomato ‘
fistulosum. fistulosum.

cont 2.8 e 40 a 26 c 40 a

6:2 3.0d 40 a 26 ¢ 40 a

1 0:10 32 ¢ 40 a 32 b 40 a
0:30 38 b 40 a 3.8 a 40 a

0:50 40 a 40 a 3.8 a 40 a

cont 1.8 ¢ 36 Db 2.0 c 26 ¢

6:2 1.2 d 32 ¢ 1.0 e 1.8 d

3 0:10 2.2 a 36 Db 1.8 d 36 Db
0:30 20 b 38 a 22 Db 38 a

0:50 2.2 a 3.8 a 24 a 3.8 a

cont 02 c 20 d 04 d 08 ¢

6:2 08 b 10 e 08 ¢ 02 d

S 0:10 08 b 22 ¢ 08 ¢ 1.0 b
0:30 1.2 a 26 b 14 a 1.2 a

0:50 1.2 a 2.8 a 1.2 b 1.2 a

“Sensory evaluation table : 4=excellent, 3=good, 2=moderate/marketable,

1=poor, 0=very poor.
YMean separation within columns by Duncan’s multiple range test at 5%

level
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Fig. 8 The change of Hunter "a” value in active MA storage of tomato

and Allium fistulosum. Vertical bars indicate standard errors.
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2. Active MA X 7%o] A7 FdWe v 9
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Fig. 9. The change of respiration rate in active MA storage of some leafy

vegetables. Vertical bars indicate standard errors.
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Fig. 11. The change of acetaldehyde production in active MA storage of

some leafy vegetables. Vertical bars indicate standard errors.
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Fig. 12. The change of ethanol production in active MA storage of some

leafy vegetables. Vertical bars indicate standard errors.
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Fig. 14. The change of ascorbic acid contents in active MA storage of

some leafy vegetables. Vertical bars indicate standard errors.



Table 2. The change of quality” in active MA storage of some leafy

vegetables.
Storage Kinds of Visual quality Off-flavour
mixed gas . .
time (day) (CO9:0) Lettuce Egg}g Spinach Lettuce Egargleas Spinach

cont 36c¢ 40a 38b 40a 40a 40a
6:2 38 Db 40 a 36 ¢ 40 a 40 a 40 a

1 0:10 40 a 40 a 3.8 b 40 a 40 a 40 a
0:30 40 a 40 a 40 a 40 a 40 a 40 a
0:50 40 a 40 a 40 a 40 a 40 a 4.0 a
cont 22 e 3.0d 0.6 d 22 e 32 b 32 ¢
6:2 26 d 32 ¢ 1.0 ¢ 32d 32b 2.8 d

3 0:10 34 c 32 ¢ 12 b 34 ¢ 34 a 32 ¢
0:30 36D 34 b 12 b 36 b 32 b 38D
0:50 3.8 a 38 a 36 a 40 a 34 a 4.0 a
cont 02 e 14 d " 12e 26d *
6:2 0.6 d 26 Db * 14 d 28 ¢ *

5 0:10 14 ¢ 24 ¢ i 24 ¢ 2.8 ¢ *
0:30 30 b 2.8 a * 28 b 32 b *
0:50 32 a 2.8 a * 30 a 34 a *

“Sensory evaluation table : 4=excellent, 3=good, 2=moderate/marketable,

1=poor, 0=very poor.
YMean separation within columns by Duncan’s multiple range test at 5%
level

*Data after shelf life was removed
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o2 yeisten, AlgAe AFg-ol= 0:50 Al TelA A 3474 Azt 7he
St tHTable 2). @8 FAg # 62 A= 353 oL 2y 2 FE&E

Aol glol Al + o Fed Alw dEeARt, Aba Sl Hle A%

Aol Wolx = Qe Aus g A ALY Set ¥IEFS B

e

==
=

3

b AEA AN Jhg 2 adlew AgHy] WEoletn AzH

Table 3. The change of chlorophyll contents in active MA storage of some

leafy vegetables.

Storage time Kinds of Chlorophyll contents (SPAD-502 unit)
mixed gas
(day) (cO:0%) Lettuce Perilla Leaves Spinach
cont 24.1 b 50.1 d 304 ¢
6:2 231 ¢ 55.1 b 342 b
1 0:10 265 a 53.0 ¢ 341D
0:30 193 d 56.4 a 346 b
0:50 23.0 ¢ 56.1 a 381 a
cont 20.0 b 475 d 404 b
6:2 233 a 53.8 a 345 e
3 0:10 170 d 52.0 b 379 ¢
0:30 150 e 53.8 a 35.0 d
0:50 183 ¢ 50.7 ¢ 41.3 a
cont 203 ¢ * 39.0 a
6:2 235 a * 337 e
5 0:10 21.7 b * 351 d
0:30 20.1 ¢ * 36.8 ¢
0:50 179 d * 371 b

"Mean separation within columns by Duncan’s multiple range test at 5% level

YData after shelf life was removed



Zt7re] ZhaA el ek A7z mE fdua gEe] Waks AFeh AL A
717k ot zbzte] Ao #BAGe] AR FH2 SAEPoY, AFAE A
HhH o s sk AES dEhldY 53 FAE ek 050 Al HaE
o] HlaA & Zo & Yehkth(Table 3).
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