21

(Adenosine Triphosphate, ATP)

(maturation) (ripening)

(cell membrane)

(metabolism)
(senescence)



8

(oxidation) (reduction)

(aerobic
respiration) 21 [2,4,6,27,30,31]

COH1206+ 602+ 38ADP + 38Pi —» 6C02+ 6 2< + 38ATP (21)

(phospharylation) (decarhoxylation
(oxidation) ) (hydration) (isomerization)
(enzyme)
[30,31]

(flavor compounds)

35 [30]
(anaerobic respiration)
(aldehyde) (ethanol) (acetaldehyde)
(lactic acid)
2.2 [4,6,27]

<6 206+ 2ADP + 2Pi+ 2H+ -> 2C2H50H + 2C02+ 2 2< + 2ATP (2.2)



[30,31] 3 ATP

2 ATP
(off-flavor) [8]
[4]
1 21[4152]]
2.1
[4,15,21]
0
( )
1
2
3
5
( 1

[48]

20



5-20
(Krebs' Cycle)
[14]
(mitochondria)
(senescence) [4]

2.2

10

15

0.024

[27]

14

2.2

14,15,21]

14,15,21]

171

10



2.2

22.1

2.3

(.CO02
<5

5-20

20 100

100-200

> 200

25°

)

1

23127]

[21]



12

(Species) :
[4,27]

2.3

2 (climacteric type)
(non-climacteric type)

21 [27]
24927]

24 [9,27]



relative change

3

13

fruit growth

climacteric

respiration

respiration nonclimacteric

0
cell  F---cell enlargement-—-1 fememmmeneeen (climacteric
division | +— Maturation phase — | Jrmemonnens 1senescence
time------e-
2.1 V
[27]

(respiratory quotient, RQ)

1
07 - 15 [5.2]]

2.515,7,17,18,28,41,45]



14

25
[5,7,17,18,28,41,45]

(RQ)
0.707-0.86
0.8-0.853

0.962
1.2-13

2.2.2

221

(metabolism)

(Arrhenius equation) [2,8,15] 2.3

—E
af
(—=

r=r,e RT (23)

0

10 (pre-exponential parameter)
Eof (respiration activation energy)



15

(gas constant)

(absolute temperature)
10
2
(temperature quotient, Q1)
10
2.4
R,
= — 2.4
o0 =" 24)
10
R 1
R 2
10
2.5
10
72 D"
vy 2 (25)
R1-
T1 ()
. 1 )
254 0-10
2.0-25 10-20 1.5-2.0 20-30
1.0-15 30-40

26 [27.30]
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26 (o) 2730]
( )

0-5 510 10-15 15-20
3.3 4.2 12 2.3
5.2 4.6 39 2.1
49 2.1 15
(brussels sprouts)
2.0 2.3 15 2.8
18 24 17 2.1
(celery) 35 40 17
2.0 17 2.3 2.3
5.2 2.5 4.6 17
' (radishes) 2.2 34 2.5 21
( ) 6.8 2.8 2.8
6.0 19 2.0 2.8
() 21

(chilling injury)
| [4

[4,6,13,27,28,43,44) 21

2.2



2.1)

140
=~ 190
£ o
o 10.0
2 80
?I 60
£
.§
B
Q
3
@

2.2

(additive effect)

14.30]

23 [10,13]

0

140
120
100

18.24]

18,.24]

17
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[14]

.'
1000 |
c>)‘ 900 4 anaerobic ' Rate of CO2 generated
0 glycolysis '
N 8CC i
o [
¥ 700 '
B o | \ Rate of 02 Uptake
O 50 '
& w00 L :
c 1
x 300 L I
00 :—---———— aerablc glycolysis
100 ;
Y 4/ -+ — : 4
0.000 0.100 0200 0.300
Oxygen pressure ( atm )
2.3
[10,13]
2
1
01
12,427,30]
@)
2
(3) (chlorophyll)
)

(abscission)
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(5) (autocatalyse of ethylene)

(6) (physiological disorders)
(lettuce) brown spot  russet spot
8
I 50
2.5 [4]
2.1 [4] 2.4
0
2.1
[4
2
[27]
(propylene)

(acetylene) [30]



24

2.1

0°

01
0.1-1.0
0.1-1.0
0.3-1.0
0.04-04

01

0.5

4

m 7

) 4

4

20



2.5

mg CO2/Xg - hr

ul CoHe/Kg:hr

25 [3]

26 [37]

8 DROPS

" CONTROL

16

'LLLuLilLLLll

b I 0 A R N A

60 8 DROPS

50

T

40

T

30
0
10

1 L idet 1 1

—

923456 7831011213

-,
rreaTmeny DAYS AT 20°C

tifiri

[36]



2.3

06

05

04

03

Chiorophyll content (OD 660 nm)

02
100

80

60

/11

40

ATP content (pg/disk)

20

0

w

0 1 2
Storage period (days)
Note 0—0 Vertical posture packing
e — ¢ Horizontal posture packing

2.6

28 [42]

2.8

70-95

3-5

6-8

10

22

[37]

[4,6,27]

[42



(diffusion flow)

[4,27]
J=kAp
]
k
Ap
100

(saturated vapor pressure)

27 [4.21]

j="(ph]o- ppD)

27 [4.27]

(26)

(mass transfer coefficient)

100

23

2.6



[27]

2.6

«

2.1

100

(stomata)

24



25

(boundary layer)

(equilibrium  relative
humidity) 80-95
98-100 [4,6,27]

(perforation)
(antifogging agent)

24 ' (permeability)

(gas exchange
packaging)

281[12468]

At(Ap)



26

- X = O U

(solution-adsorption - mechanism)
(solution stage)

(solubility)

(diffusion stage)

(diffusivity) 2.9
[1,2,4,5,8,25]
P=DXS (29
D
4
(density) (degree of polymerization)
(crystallinity) (double bond) (polarity)
?
(solubility)
(additives) (plasticizer), anti-oxidant, anti-

blocking agent, anti-fogging agent, (lubricant) (pigment)



2.10[1,2,4,6,17]

27

_Ea ;

P=Pe RT (2.10)
211 [1,2,6]
nP= R- — (2.11)
RT
PO
Ea (activation energy)
R (gas constant)
T (absolute temperature)
210 21
(T )
Y

2.10 [15,23,25,35]

29 [15,23,25,35]



2.9

(LDPE)
(HDPE)
(PP)
(PVC)
(PVDC)
(PS)
(PEMA)
(PAN)
(PVA)
(PTFE)
(Polybutadiene)
(Cellophane)
6 (Nylon 6)
(Ethyi cellulose)

25

02

3.536 X 10'7
4.821 X 10'8
2.732 X 101
5.464 X 109
6.155 X 10 10
3.214X 107
1.429X 107
2.411X 10"
1.069 X 10'9
5.143 X 107
2.298 X 107
1.069X 10'9
4.580 X 10'9

1.769 X 10'6

1.527 X 10'6
4.339X 10'8
1.109 X 106
1.929 X 10'8
3.504 X 109
1.270X 10'6
6.091 X 10'7
9.643 X 10"
1.485X 10'9
1.205X 10'6
1.671 X 10'5
8.662 X 10'9
1.061 X 10'8

1.363 X 10'5

[15,23,25,35]
A mmol*mm N

Vem2-hr -kPay
(N2

1.173X 107
1.768 X 10'8
5.304 X 10'8
1.430 X 10'9
1.135X 10'F
9.482 X 10"8

2.732 X 10'8

1.607 X 10'7
7.779 X 10'7
8.984 X 10'10
1.146 X 109

5.336 X 10'7

)
1.093 X 10'5
1.446 X 10®
8.196 X 10'6
3.311 X 10'5
1.125X 10'6
2.170 X 104
3.825 X 104

3.696 X 10'5

2.234X 10'8

1.077 X 10'3

35

35

35

35

35

35

23

23

23

15

15

15

25

25



(LDPE)
(HDPE)
(PP)
(PVC)
(PVDC)
(PEMA)
(PTFE)
(Polybutadiene)
6 (Nylon 6)

2.10

{ mmolemm |
(P ' cm2 -hr-kPay

2 e n2
10.69 9.96 52.88
0.07 0.01 0.16
44.67 3.86 205.71
28.77 149.46 1507.50
132.59 3.99 144.64
0.34 0.07 0.35
1.122 X 10'3 3.986X 10~ 3.246X 10'3
3.648X 10'1 1.098X 10'1 7.891 X 10"

1.567 X 10™ 1.929 X 10'1 1.688 X 10"

7.84

144.64

0.33

138.70

0 25

[15,23,25,35]
.
N
V- a moly
2 o 5 n2
42.7 38.9 49.4
33.5 35.1 30.1
47.7 38.1 55.7
55.8 56.8 69.0
66.6 51.5 70.3
36.4 28.9 40.6
19.1 14.0 24.4
29.7 21.8 34.3
43.5 40.6 46.9

33.5

39.7

42.3

22.9

46.1

18.0

35

35

35

35

35

23

15

15

25



25

(semi-rigid form)

30

4 124

(controlled atmosphere packaging, CAP)

(modified atmosphere packaging, MAP)

(gas-flush packaging)

(vacuum)

(flexible - form)
058



[4,27]

)

4

|

14.27]

31



2.6

(active site)

211 [2.4.15]

(impact resistance)

[29]

(tensile strength)

32



33

211

[2,4,15]
10 C d
(‘Ca %02 %< 02
05 23 35 B
(artichokes)

05 5-10 B
510 23 510 C

(beet) 05 D RHe 98-100%
05 12 510 B
05 35 57 B
37 35 1015 B

05 D RHe 98-100%
05 25 25 Y
05 2-4 0 C
05 24 10-20 B
812 35 0 C
10-12 35 0 C
(leek) 05 12 35 B
05 2-5 0 B

CO 2-3%

812 35 0 C
5-10%C02 5-8°C
0-5 10-15 C
812 35 0 C
812 35 0 C
10-15%C02 5-8°C



(nectarine)

211 ()

Ver

0-5

0-5
4-12

0-5
0-5

12-20
8-12

0-5
0-5
0-5
0-5
0-5
0-5

0-5
0-5
0-5
0-5

%02

1-2

12

35
35

2-3
2-3
310

1-2
2-3
35
1-2

b
%C02

10-20

10-20

515
515

35
01
58
0-5

D

w O = w

34

2,4.15]

RHe 75%

RHe 98-100%

40% CA



(grapefruit)

211 ()

0-5
0-25

513
12-15
10-15

10-15
10-15
8-12
5-10
10-15
10-15
10-15

%02
10
01

2-3
2-5
310

2-5
10

35

[2,4,15]
i 0 d
%< 02
15-20 A
0-100 A
3-10 B
2-5 A 1
5-10 C
0-5 B
0-10 B
5-10 g
5 C
5 C
10 C
10 C
85 9%



(antifogging agent) [4,30]
(wettability)

[1,2,4,6]

124,627

[29]

36



37

3 (flexible - pillow
packs) (semi-rigid tray and lidding film systems)
(bag-in-box containers) 2.1 2.10

2.8



38

ARALLLS

AMULLUsTEINA

q.v

q

2 9 nnsussauatla Tuuss

10

2

51U



[1,2,427]

carbonate)

4FeC03 +02 + 6HD

211 7

212 [21]

3

(Passive Modified Atmosphere)

(Active Modified Atmosphere)

(ferrous

AFe(OH)3+4< 02 (212



1
iz

¢ B

% O, or CO,
s
1

Passive Modification

—

Active Modification

9

i

211

0 0
Days After Packaging

10

2]

40
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