(Modified
Atmosphere Packaging (MAP)) [5, 9, 10, 20, 38]
21
(respiration)
3]

[42]

2 (aerobic
respiration) i (anaerobic respiration)

Q) (aerobic respiration)

38 ATP (adenosine

triphosphate, ATP) 21 [3, 42]



CgH, D 6+ 602+ 38ADP + 38Pi — » 6C02+ 6HD + 38 ATP (2.1)

40
60 [42, 43]
(glucose)
(fructose) (hexose)
(respiratory quotient, RQ) 1(
)
1 [3, 9 43]
1[3, 9, 43] (amino acid)
(amide) (ammonia)
! [4]
2 (anaerobic respiration)
2 ATP 22
RQ 13
[2, 41]

CeHID 6+ 2Pi + 2ADP + 2H* — » 2C2H50H + 2C02+ 2ATP + 2H2 (2.2)

211
1
3 [44]
2111 (glycolysis)
1' 1 (pyruvic acid)
(cytoplasm)
1 2 ATP 2

NADH 2 NADH



10

3 ATP NADH 1 ATP 1

8 ATP

2. .12 (Kreb's cycle)

1
NADH 3 FADH2 1
GTP (guanosine-triphosphate) 1 GTP

ATP 1

21.1.3 (electron transport system, ETP)
(mitchondria) NADH 3 FADH2 1

14 ATP
1 3
38 ATP
2.1.2
21.2.1
21211
21

(protoplasm)

[41, 10]



21

(board)

A O w w M O NMDNO

20
39

O

®)

KR B © o ~wo o &~ &

(10]

@0 0 O

5
n
n
19
8
17
21
20
26
23
33
61
23
42
71
51
72
88
72
85
117

82
119
113
145
191
144
240

a A N W W W PR R

w

o O N N oo b

13
26

20
14

15
33

( 'kg'i1hr)
3% 0,
OO0 £
2 2
3 6
4 6
5 12
4 6
3
6 14
7 9
6 17
8 17
13 25
24 34
19 40
24 49
27 71
24 42
46 77
38 95
29 45
32 68
30 73
45 90
61 121

10

(< 10)

(10-20)

(20-40)

(40-60)

(>60)



relative change

212. 2

2 (climacteric type)

(non-climacteric type) 2.2

21

(climacteric peak)

3]
100
fruit growth
50 —
climacteric
respiration 4
respiration nonclimacteric
0
cell J------- cell enlargement------- | J--mm e (climacteric
dtvrsion | J— maturation phase— | j— - ( senescence

time m- m»

21
[3]



22

2122

21221

21

(Arrhenius equation) [15, 39, 43]

r = rGexp(-E/RT)
r
ro
Er
T
R

10 C 1 (QI) [10, 42, 45]

24

[3]

2.3
2.3

(2.3)

24



R1
R2
lllll 2
2.3
[15]
(board)
(sprouting)
(white)

Qyp

|V p

VR1J

RO(mI kg'1hr'])

1.26x 108

512x 05

1.00x 104

1.33x 109

1.25x 10

2.20 x 10T

145 10T

6.13 x 109

7.05x 104

5.10 x 104

3.53 x 108

9.86 x 107

T1

T2

Er (kJ mol'])
36.6
23.0
16.9
39.7
53.6
51.7
48.7
49.1
231
21.2
58.1

36.6

(2.4)

(K)



2.4

21

Romaine)

2.1.2.2.2

Q1

0-5
3.3
52
4.9

2.0

1.8
35

2.0

5.2
2.2
6.8

6.0

5-10

4.2

4.6

2.7

2.3

24

4.0

1.7

2N

2.5

3.4

2.8

19

[45]

QY
(<)
10-15
12
3.9
15

15

1.7
1.7
2.3
15
4.6
25
2.8

2.0

15-20

2.3

2.7

2.8

2.7

2.3

2.2

1.7

21

2.8

21

25

9]

2.6



2.5

2.6

10

15

(golden delicious)

[9]

[9]



21.2.2.3

(climacteric peak)

3]

2.2

(Fick' law) 3]

J = g<0 - PHD) (2.5)
J
]
Ph.o
[46] 2.6
( ~0) = -5.8x 103r 1+ 1.391 -4.864 x 10°2T + 4.176x 10'5T2
- 1.445 ¢ 10'81 3+ 6.545In(T) (2.6)

T (K)



PA O (Pa)

B * (k)

[47] 2.7

221
2.2.1.1 3]

22111

22112 (Stomata)

22113 (lenticel) : (trichrome) (cuticle)



2.7

22114

(k)
80%

0-5 °c
10%

0 / [47]

(1010kg kg'1Pa'l ']
6.2
3
13
0.95
17
7.5

7.5

2.5
5.0
13
24
19
2.5
12
31

0.3



2.2. .2

22121 3]

70 90

22122 3]

222 ! 3

20-30 2.8

20



28

0-1

0-1

0-1
3.5-4.5
7-8
0-1
0-1

2-3

3.5-4.5
7-8
0-1
0-1
0-1
0-1
0-1
0-1
(-1M-1.3)
0-1
0-1
0-1
4-5
0-1

0-1

[48]

90-95
98-100
90-95
98-100
90-95
90-95
90-95
98-100

98-100

90-95
98-100
90-95
98-100
90-95
98-100
90-95

SIS
98-100
90-95
98-100
75-80
98-100
90-95

98-100

6-8

10-12

14-22

18-26

10-14

8-12

15-30

30-40

30-40

15-30

20-40

3-4

14-18

7-9

9-11

35-40

30-40

20-30

> 35

KBITiJDfiin trnr.if: "

«

« |

~

11

3



2.3

1,000

(CAP)

Packaging, CAP)

12

Packaging, MAP)

2.9

MAP

(MAP) [2]

CAP

22

(Controlled  Atmosphere

(Modified Atmosphere

[12]



29 [31]
- €02

e () MAP( )
0-2 1525 15 120 180
5-13 2-5 310 42 84
13-16 2-5 2-5 28 49
48 2-3 4-7 7 14
01 13 515 28 56
01 2-5 <1 2l 28
-111 2-3 01 90 180
-12 2-5 2-5 21 28
-0.5-0 5-10 15-20 14 2l

231 (MAP)

2
2311 Active

2.3.1.2 Passive



Active (Active MAP)

Passive (Passive

MAP) 2.2
Active Passive 2.2 [43]
Passive M odification Active M odification
0} -
g ’
& 10 T CO,
S -
st
* &)
° -~
I i ! , ==}
o 5 w o s 0
Days After Packaging
2.2
Active MAP Passive MAP [43]



2.3.2

2.3.21

2.5 2.6 [3]

(5]

[1, 4,5 6, 16]

2 6]

23211

(Michaelis-Menten without inhibition type equation) [6]

( )

R = - TT~ (2J)

2.3.2.1.2

(glycolysis) (Kreb’s cycle)



232121

(Michaelis-Menten

competitive type equation) [6]

(substrate)

v [07*]

[0,] + Kn 1+

caey
2.3.2.1.2.2
uncompetitive type equation) [6]
(substrate)
(inhibitor)
Vm : [02]
Rog /

[ 2]

(inhibitor)

(2.8)

(Michaelis-Menten

(2.9)



23.2.1.2.3
(Michaelis-Menten
noncompetitive type equation) [6]
(substrate)

(inhibition)

vm [ 2] ( )
2.10

tco,
Km + [ 2) 1 -

Ro

[( 2
[C02

Km

Km

Km

Km



2
Vim
2
Vim
02 "
K
o2
(Km ) [4]
(Km
Beirne [4] Km
K K K
cu2 €02 Co02
2.7-2.10
5 6, 7]
2.3.2.2

chilling injury

[4]

[8]

McLaughlin

1,



chilling injury [8]

switch temperature

switch temperature

+2°C [5]

2323

2.10

2.10 (2]

6-8
6-8

10



2.3.3

211

[2,9]

(2]
[12]

21 CO02
(%) (%)
21 5-10
1-2 5-7
35 5-7
2-5 2-5
3-5 0
1-2 35
2-5 0
1-2 10-20
21 10-20

[43]

2.12

T(°C)

RH (%)
100
100
100
100

95-98
100
100

80-85

100

211

T(°C)
1-2
1-2
1-2

1-2

RH (%)
>95
>95
>95
>05
>95
>95
>95

80-85

>95

(permeability)



[43]

(2.11)

[13]

P x 10B(cm3cm cm’ 1 Ba_J)

P=F,Gjk
P
H
Gk
Yi k ;
( 1
212 P
(°0) 02
(SG =0.914) 25 2.2
(SG = 0.964) 25 0.3
30 17
( plasticized) 25 0.034
25 11.0
2331
[18]
23311
2.13
(18]
' H H
-C -C -
H x °

Co02 h2
9.5 68
0.27 9.0
6.9 51.0
0.12 206

84.8 6700



2.13

-OH
-CN
-Cl
F
-Acrylic
-ch3
-Phenyl

H

2.3.3.1.2

2.14

[18]

66 (soaked)

66 (annealed)

800

1500

1700

15000

42000

48000

50

80

20

40

[18]
X = -OH 0.038 cm3 mm
224 hr'latm"1l 23 C

0%

(degree of crystallinity)

2.14

cm3mm m'224h"latm"1l 23°c

182.0

42.0

3.0

0.6



2.3.3.13

[18] 2.3
3001~
200
g
E
a
100}~
0 1 d) 1 1 y
090 092 094 096 o098
g.cm™3
2.3
[18]
2.3.3.14 (molecular orientation)
(chain stiffness)
2.15

(glass transition temperature)

[39]



2.15

(PP)

(PS)

(PET)

Acryl itrile/styre e (70/30)

2.3.3.15

(degree of polymerization)

2.3.3.1.6

[39]

300%

300%

500%

300%

Morgan [49]

cm3mm

224hr'latm’l 23 °c
57
30
160
114
3.8
1.9
0.38

0.34



2.3.3.17

(18]
200 - 1000
2.3.3.1.8 (additives) (plasticisers)
(Hydrophilic Polymer) [18]
2.4
{u
= 200] -
]
G
2
z 38°C
%-\00- 30°C
& 25
‘2 >
F 20°C
40 50 60 70 80 s
e RH.
2.4 OPA
15 ( )
(18]
2.3.3.1.9 (inert filler) (pigment)
2.16

2061 10'?)



2.16

CaCo03

15
25
15

25

PO)=182cm"

2.3.3.2

Ne, Ar, Kr, Xe

[18]
p(02  CacCo3
CaCo03
P(02) CacCo3
- 1
Not treated ~2
Not treated -4
Treated 105
Treated - 0.3
>
(reticulation)
He,
He 190
350 3-4 (18]

2.5 [23]



25

energy, Ed)

preexponential factor, log £0)

) [23]

2.3.3.2.2

2.6 2.7

(Diffusivity activation

) (Logarithm of diffusion

[18]



L0

)
T

i 1 P

=t
0 100 200 300 400 SO0 600

CRITICAL TEMPERATURE IN K

2.6

(18]



10

10

0.1

0.01

1 L 1 1
50 100 150 200 250

BOILINC POINT IN K

2.7
25 C (*) 40 °c (O) [18]
2.3.3.3
(Arrhenius equation) [5, 13,14, 15, 21]
P = POexp(-Ep/RT) (2.12)
P
PO
=
R

(K)

_|



2334

(hydrophilic polymer)

(18]

2.3.3.5

[50]

(hydrophobic polymer)



24 !

[39, 15]
24.1 [30]
24.1.1 ' (barrier material)
!
6
2.4.1.2 (bonding agent)
LLDPE 3-5
2.4.1.3
2.4.2
2421
2
2421.1 (wet

[28] 2.8

EVOH

EVA

EVA

[28, 29]

bonding)



Drying oven
Substrales
and adhesive Substrate 2 >
1
Pressure
rofis
Laminated web
2.8 [28]
24212 (dry bonding)
(wet bonding)
[29]
2.9 hot melt 2
24.21.2.1 (extrusion lamination)
[29] / / /
/ 2.10
242122 hot melt rev

kiss coater [29] 211



Poper or foll from
secondary unwind

To wiader

Popar of paperboard
{rom primory unwind

ubber reverse
pressuce rodl

Metal chitl roll

2.9 [28]

Popor Cf foil Irom
«condor Y umind

Towino..
ropur Of fwp*rtx>fw<|
from prjpnofy unwind

uM)*flrrv ri«
¥ Iy roll

(

»lal chid roll

2.10 [29]
K% I
ﬁ%'?n [?rm\?grglrcu)%nd I mrr N 0[Juy unwind

lubhtf roll

"M «l«l
roil

Coolmo-fotl »x«<QA

ft»Y «/M-kiii opplkdior

211 ' hot melt [29]



2422 (coextrusion)
3
[19]
24221
2 (feed block)
(multimanifold die) 2.13
(cast film), (blown film)
[19]

Malt flow Interface Melt flow interfoce
tilma I'tilms

2.12

2-3

(coextrusion of sheet)

2.12

2.17

2 Uycr tracn feedstock

5 Uyc* fecdblock:,
prvTUtryfefdbloci

2.13

ifco™daryjttdblcx]

»

re» rrr
A4U It
VOM
AAMvI
ecwerr
AANM
uhM




2.4.2.2.2 (coextrusion of blown film) [19]

2.14

2.17 [19]

(25 )



L\ L] e g Extruder A

N
ki
Extruder B

917 2.14 nszuaunsdsaTaNuLuNaNY [19]

[29]

25

[11]

251
2511
(LDPE) (HDPE) (PP)



25.1.2
(LDPE)
(PVC) (PVDC)
1
(multilayer)
[11]
(LDPE)
(EVA)
2.5.2
[11]
(polyester)

[

(HDPE)

cling film
(LLDPE)

(bin)

(polyethyleneterepthalate, PET)
[11]



2.6

2.18

2.18

(EVA)

(PPO)

(g/cm3

0.926-0.937

0.940-0.960

0.900-0.910

0.915

1.110-1.250

1.060

1.100-1.700

BM

[59]

E, IM, BM
E, IM.BM, VF
E, IM.BM. VF

E, IM, BM
E, IM, BM, VF

E, IM, BM, VF

E, IM, BM
E, IM, BM, VF

VF
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