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Nl (Glycolysis)
.2 (Kreb's cycle)
3 (Electron transport system)

A - -

(Glycolysis or Embden Mayerhof-Parmas, EMP)

(Pyruvic acid)

(phosphoryiate) ATP (adenosine triphosphate)
(hexokinate) -6- (glucose-6-phosphate)

ADP (adenosine diphosphate)

- - -6- (fructose-6-phosphate)
1! (phosphoglucoisomerase) - -
- 1- (fructose-1,6-diphosphate)
ATP
-, - 3 2

(dihydroxy acetone phosphate, DHAP)
- - (glyceraldehyde-3-phosphate GDP)
(aldolase) 2

(triose phosphate isomerase)



3-phosphate dehydrogenase)
(1,3-bisphosphoglyceric aci

(phosphoglycerate kinase)

2- (2-phosphoglyc

(phosphoglyceromutase)

(phosphoenol pyruvic acid)

ADP ATP

(phosphoenolpyrovate kinase)

(substrate level
3

ATP
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NAD (nicotinamide adenine dinucleotide)

(glyceraldehyde-

NADH 1, -

d) ADP  ATP

(3-phosphoglyceric acid)

eric acid)
2-
(enolase)

ATP

phosphorylation)

ATP
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(Kreb’s cycle or Tricarbonxylic acid cycle or Citric acid cycle)

(Kreb's cycle)

' (pyruvic
acid dehydrogenase) - (coenzyme-A) NAD
(acetyl CoA)
NADH (oxidative decarboxylation)
(oxdloacetic acid) (isocitric acid synthetase)
(citric acid) 6
(isomerization) - (cis-aconitic
acid) (isocitric acid) - (cis-aconitase)
1
(isocrtirc acid dehydrohenase) NAD
NADH (a - ketoglutaric acid)
(succinyl-CoA) 1
(a - ketoglutaric acid
dehydrogenase) NAD ' NADH

(succinic acid) ' '
(succinic acid thiokinase)
(guanosine-diphosphate GDP) P ' '
(guanosine-triphosphate GTP)
(energy coupling)
(fumaric acid)
(succinic acid dehydrogenase)

(flavin adenine Hinucleotide FAD) FADH2

(hydrolysis)

(malic acid) 1" ' (fumarase) NAD
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(malic acid dehydrogenase)

(oxaloacitric) NADH
3 t
CoA— —C—CH, acetyl— CoA CoA
L J
dtrate cocrsmeniyne
oxaloacetic acid citric acid
0-c—CH vy HC—C0H
]
H,c—Q0H HOC—QOH
nelic cehydopese
- H,c—COH
NADH; *4- _ _NAD HO— JI \
Malic acid c/J-aconitic acid
HOG—GIH HC—QH
H,Ic : ?—OZIZH [2leepilss]
iumfist A ----HjO
fumaric acid
HG—QOCH = isocitricacid
N . —CDZH HC—COH
Sairiccehydoise * 1 HC—CQOH
fadhj*T T — pad. HOG—QOCH
succinic acid ssochvic cehydooaise
,li,c—QH - . NAD*— NADH,
o | - L
H - oxaL()jiLé:cg rcl;i' acid
ATP-4—t—— ADP.+ Pi
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e
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(Ubiquinone)

(cyt.A)
(Cu*
2 @2 HY
1 2 e
ATP
cyt.b (Fe"3
2 cyt.b(Fe+d

1 cyt.c(Fe"2
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(Electron Transport System) ETS

-3 (mitocondria)

(respiratory chain) (ETS)
NADH, FADH2 1 (CoQ)
(cyt.b) (cyt.C)) (cyt.C)
- (cyt.A3
(cytochrom oxidase)
Cu+
NAD+ 2
2 @ e) NAD+ NADH+ ( NAD+
1 H+ H' 1 ) NADH+
(FAD) NAD+
2 H"  2e FAD FADH?2
FAD
NAD+ FAD FADH2
1 FADH2 CoQ CoQFI2 FAD
' NADFI CoQFI2
cyt.b(Fe"3 cyt.b(Fe+? o
cyt.c(Fed cyt.c(Fe"d ATP

(cyt.oxidase)



ATP 1

ATP

2H+

0.502+2e +2H+—» HP

(oxidoreduction)
(oxidative phosphorylation)

' 2 H+ 2 ¢ NAD+

2H +2¢e ' FAD ATP

2 ATP + 2 NADH 8 ATP

30 ATP

38 ATP

(.2
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(B)

(P)

E+S 7 ES

ES P+E

kL k2, k3
[E]
[ES]
[]

d[ES]
k,[E][S]
dt

= k2[ES] + k3[ES]
dt

(ES) [ES]

KAEHS] = KZES] + kJES]

KAEHS]

[ES](k2+ k3

(ES)

[E]

(ES)

(ES)

(.
(-2

E+

(4
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[Et] = [E] + [ES]
[E] = [Ef]- [ES]

[E] ()
(Et]HES]IS]  k2-Ek3 (8
[ES] K '
ET
es) - O (1)
Kmt+ [S]
Km (Michaelis-Menten constant)
() Ro = kIES] (.8)
vm = k3JET (.0)
(.7) (8)
k3[ET][ ]
Rp = ( .10)
Km+ [S]
(.10) (.9)
AECH=
vMm ET]J
vm Km + []
R, 1 (11
Km + []
(Michaelis-Mente )
Vm  Km Al
1 _ Km 1 1
+ (.12)
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1T - (Lineweaver-Burk equation)
Km vm /Rp N1
Krm\/m y 1/Vm
1,& Slope = Ky [V
-1 K Itarcapt = 1/V,
0 1/181

U7 0.1 AWMIATK ez v [11]

3
1) (uncompetitive)
E+S ES ( .13
ES+1 <=7 IES (.14
K,
ES — E+P ( .15

G
Ro = kYES] (.16)
Res= KIE][S] - kZES] - KIES][] + K4IES] - KIES]  ( .17)
REs = kI|[E S]-K4IES] (18)
[Et] = [E] + [ES] + [IES] = [E+ES+IES] (.19)

[Et]
[E] = [ET- [ES] - [IES] = [Et- ES- IES] (20)
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(Pseudo steady state

hypothesis, PSSH)

S - NBS ~ 0 ( .21)
( .17) 20
0 = k,[E][S] - KAES] - KJI[ES] + k4 ES] - KHES] ( .22)
0 = KIET-ES-IES][S]-k2E S]-KJIES] + K4IE S]-KHES] ( .23)
( .20) ( .23)
gE T- ES- IES][S] = KAES] + KJJ[ES] - KJIES] + KHES] ( .24)
k,[E1- ES - IES][S] = (k2+ kJI]+ KB[ES] - kJIES] ( .25)
[Et- es - IES] = ((k2+ k3I] +ig/k,[ DIES] - K4IE 1/(k] ])
( .26)
( .18) PSSH
0 = kJI][E S]-K4IES] ( .27)
k4l ES] = KJI[ES] ( .28)
[IES] = (k3kA[I][ES] ( .29)
( .29) ( .26)
[Et] - [ES] - (k3KA[[ES] = (( 2+ kJI] +g/k,[ D)[ES]- KJESIKY )  ( .30)
[ED-[ES] - (kIKY[][ES] = ((k2+ kJI] + k5 kI/KY ])[ES] ( 31)
[ET-[ES]-(k3kY[ ][ES] = ((k2+k5/KIS])[ES] (.32
fko+ ks k.
[EtHES] + —1q [ES] ( .33)
v k1 ] k4
k2+ k k A
[EJ 1+ + ---[I] [E]] ( .34)
V kY ] )
( .34) ( .16)
KjE T]
( .35)
k2+ k6
1+ + [|]
k[ ]
[] ( .35)
kJE
ﬂf[ ) ( .36)
k2+ k5

+[1



vm= kHET]
Km= (k2+k5/k,
K, = k4k3
( .36)
V [S
Ro = [(1
(1
K, + [ -
( .40)
2)
E+ ES
E+1 H
ES + | ) IES
H+ IES
ES E+°

k3 k4
5 ( ( .45))

(noncompetitive)
Ks
K
K,
K's
kp «
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( .37)
( .38)
( .39)

(.40

( .42)

( 43)

( .44)

( .45)

k, k2



RI¥k1 O

FL/k-,

Ro = KdES]
1( (4)
R1 = kX[E][S]-([ES]/KS))

[ES] = KSE][S]
2 ( ( .42)
Rz = KA[E][N]-([E1)/K.))
0 (PSSH)

[Ell = KIEIl

3( ( .43))

R3 = KY[ES][-(IES]/K*,»

RIk3 O(PSSH)

[IES] = K*[ES][I]
4 ( ( 44))
R4 = KA[EN[S]-(IES]/K'Y)

RAk4  O(PSSH)

[IES] = K'YEI[S]

[Et] = [E] + [ES] + [El] + [IES]
( 48), ( 50) (.42
[Et] = [E] +KSE][S] + K,[E][l] + K"[ES][I]

[Et] = [E] +KIE][S] + K[E][] + K KS[E][S][I]

[E] 1+Kg[] + K] + k;K8[S][I]
.58 48
Kskp[E
ES] = Skp[ET][ ]

1+ Kg[]+ K[+ KKS[ ][]

(Pseudo steady state hypothesis, PSSH)
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( .46)

( .47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

'58)

59)



46
1 Kskp[E,][S]
p" + Kgl]+ KIII + KKg[S][]

Ks= Ks K =K1
r ><sME,][S]
1+ K3[] + K] + KKs[S][I]
Ks
r kp[E.][S]
-+ [+ — [+ K[
Kg Kg
Km  1/Kg
K = 1K
vm = kp[ET]
P V.®

1+ KHx+ -)

K
( .66)
3
E + ES
E + I =|
ES E+ P

R0 = kJES]

Res

Re kIE][1]-k4EI]

k.[E][S]-KIE S]-kHES]

(competitive)

[Et] = [E+ES+El] = [Et] + [ES] + [El]
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60)

61)

62)

63)
64)

65)

66)

67)

68)

69)

70)
71)
72)

73)



[E]

= [E1- ES-EI] = [£] - [ES] - [E]]

(
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74)

(Pseudo steady state hypothesis, PSSH)

RESS=RE =0
( .70 PSSH
0 = K|[ET- ES- EI[S] - KAES] - kJES]
[Et- ES- El] = ((k&+ k5/k] ])[ES]
( .72 PSSH
0 = kJET- ES- EI[l] - k4EI]
[Et- B - El] = K4EI/KI] = ((k2+ 5)/ [ DIES]
( k2 + k5 ,
[ENl = = L es]
v o1 Akg[]
( .80) ( .79)
[E1][ ]
[ES] =
[]+fy2+ k5v1+ o
A% KL A )
( .81) ( .70)
K5[ETI[ 1]
R) =
[] + 1+ ~ I
A k4 vy
vm = KHET
= (k2+ k9/k1
K = k4k3
VJS]
|
]+ Kk 14 (1]

(

—~

.75)

76)

77)

78)
79)

80)

81)

82)

83)
84)

86)



(Linear Programming)

( ) [26]

(variable) (x,, x2, Xn)
(Objective function)

(Constraint function)

[26, 27]
Z = ¢, X1+ ¢jX2+.. + crxn (.1
a,Xl+ a, 2+ ... +a™1 <b, (.2
aZXl+ 22+ - +a2xn 5b, ( -3
amX1+3 >2+ +amxn ~ bm (-4
% >0
Z =
g =
al =
X =
) = [
i =1,2,
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2 [27]

(variable)

2. (objective function)

(26]

1 (Goal

programming) [27]

3. (constraint function)

4,
3 [27]

2
2

1 (direct elimination method)

2. (mathematical deduction method)

3. (graphical method)

2
4, (algebraic method)
5. (simplex method)
2
2 1 I
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[26]

Z = 30x1+ 70x2
2x1+ x2 > 800

2x1+ 3x2 > 1200

X1, X2 > 0

(Feasible region)

0 100 200 200 400 500 600NJ00 200 900 1000

(feasible region)



149

A X, = 600 x2=20
Z = 18000 3

S (400,9) _.'..""" : k X

D 100 200 300 400 500 600 700 800 00 1000

2 Z, = 30,000 Z2= 24,000



1 L \= 2 A S — ! ! <
100 200 300 400 500 600 700 800 900 1000 X

1

917 A.3 AmeunnngaaenduIngUssasAiuARngn

(extreme point)

150



(slag variable)

(surplus varible)

(
-1
(.) - (.49
11 5- 0 .7)
Z = c,x1+ CjX-, + ... + cmxn
a, X1+ a,2X2+ ...+ alwxn + 1 = b.,
a2IX1+2 + ...+ a2xn + 2 = b2

aniXl+ am22+ +3mX + S+  bm

(slag variable)

(artificial varibles)

1)
.5)

.6)

)
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.5.1

Zi
Cj-Zj

g-Z

b!

b3

Cl

X1
all
al
adl

31

Cl

C2

X2

3R

32

392

c3

X3

33
3B

S\3

c3

g-72

cn

xn
alh
3N
3

am

cn
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5.2

1 g- 7
2.
( )
3,
( )
4.
0
5, 1
1
1
Z = 3000X%, + 8000x2
X1+ x2 = 200
X1 < 80
X2 > 60

XD >0
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z

3000x1+ 8000x2
X1+ x2+d1l

200
X+ 1
x2- 2+d2 =60

80

1 (slag variable)

dv d2 (artificial variable)

Two-phase
Two-phase 2

z = d1+d2
(-6) (-8)
d1+d2 = 260- xa- 2x2+ 2
(10 (-9)
T - x.- X2+ 2+ 260

1

Z' = -*1- 2x2+ 2+ 260

X1+ x2+ (02

200
x1+ 1 = 80

x2- 2+d, = 60

8)
9)
.10)

11)
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Ci

-4

X,, X2 > 0

1
1 -2
260 X, x2
d2 200 1 1
1 80 1 0
d 60 0 1
. 260 0 0
Cj-Zj 1 -2

Z1 = 260 + (0X200) + (0X80) + (0)(60) =

22 = (0)(1) + (0)1) + (0)(O)
z3 = (0)(1) + (0)(0) + (O)(1)
z4 = (0)(0) + (0)(1) + (0)(0)
z5 = (0)(0) + (0)(0) + (0)(-1)
z6 = (0)(0) + (0)(0) + (O)(1)
z7 = (0)(2) + (0)(0) + (0)(0)
€c2-z2=(-1)—0

x3~23 = (-2)-0

o= =0-0
c5-2z5= -0
c7-z7=0-0

260
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d2

o O



r2

R3

R1
r2

R3

Ci

z1
Ci-Z,

d2

X2

z1
Cj-zZ1

260

200

260

260
140
80
60

-1 2
X1 X 2
1 1
1 0
0 ra
0 0
1 2
t
Rl1 - R1- R3
r2 = r2
r3 = R3
1 -2
X1 X2
1 0
1 0
0 1

o O

dl

?

d2
1
0
0

156

200/1 =200
80/0 - a
60/1 - 60

[~ -1

0
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2]

ci

d2

di

X1 X2

260

140

140
80
60

0

r2

-60

X2

r3

140

Zi

Cl-zi

cl

d2

di

X1 X2

260

140
80
200

R1

r2

X2

Zi

z

Cl -
R, =Rl,R2

T R3t R,

R3

=R2



c)

R,Ill O 2

Ci

r/ 0 2
Ra” 3000 X1

R3 8000 X2

3000 8000 O
X1 X2 sl
140 1 0 0
80 0 0 1
200 1 1 0
1.6x10e 8000 8000 O
-5000 0 0
t
3000 8000 0
XL X2 1
60 0 0 1
80 1 0 1
120 0 1 1
12X10® 3000 8000 11000
0 0 -11000
:‘; :E| R3 =rs3 - r2
X, =8 x2= 20 Z

s2

158

0 0
di 2
1 1 140
0 0 80
0 1 200
0 8000
0 0

0 0

d! d2

1 1

0 0

0 1

0 8000

o  -8000

= 1.2 X106



T itle Example

X |
min 3000
Constraint 1: 1
Constraint 2: 1

Constraint 3: 0

* ok k

Tide: Example
Pinal iteration No:
Objective value- (min.)

Variable Value
Xl 80.0000
X2 120.0000

X2

8000

1 »
0 <«
1 > -

¥1200000.0000

Obj Coeff
0 240
0

000
960000

RHS

200
80
60

OPTIMUM SOLUTION SUMMARY ***

Obj Val Contrib

.0000
.0000



Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeability

Natural rubber
PET(Mylar)
PP(d=0.8931)

No data
Required Permeability
Designed Permeability
*/oError

Min. Cost

vl

MAP DESIGN PACKAGING REPORT

Cabbage(mamer lagerweiss)

273.00

627.00

3.00

1.30

0.005

Oxv?en

7.81E-02

1.19E-04

2.34E-03

0.0056

0.0056

0.00%

0.0427

K
cm(2)
%
ml kg (-1) hK-I)
atm
Carbondioxide
5.72E-01
4.03E-04
12E-03
0.0198
0.0198
0.00%
Baht

Unit Permeability [ ml mil cm(-+2) hr(-1) atm(-I) ] IThickness [ mil )

Produce Weight
Repackaging
Total thickness
[C02]

R(C02)

Transpiration Rate

0.50

92

1.00

6.00

1.30

20.2120

Water Vapour

16",

kg

%
mil
%
ml kg (-1) hK-I)
ml kg (-1) hK-I)

Thickness

0.7794
0.0093

0.2113
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Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeability

Natural rubber
pp(d=0.8871)
pp(extruded)

No data
Required Permeability
Designed Permeability
%En-or

Min. Cost

1 mil

MAP DESIGN PACKAGING REPORT

Green Pepper

281.50
725.00
3.00
5.00
0.009

Oxvjen

1.19e-01
4.89E-03

6.87E-03

0.0075
0.0075
0.00%

0.0440

K
cm(2)
%
ml kg (-1) hr<-I)
atm
Carbondioxide
8.03E-01
1.70E-02
5.72E-02
0.0541
0.0541
0.00%
Baht

Unit Permeability [ ml mil cm(-2) hr(-I) atm(-1) ] 1Thickness [ mil ]

Produce Weight
RHpackaging
Total thickness
[C02]

R(C02)

Transpiration Rate

0.20

85

1.00

3.00

5.00

181.2208

Water Vanour

46.3000

161

kg

%

mil

%
ml kg (-l)hK-1)
ml kg (-1) hr(-)

Thickness

0.1198
0.0713

0.8089



2.2

Fruit and Vegetable Name
Storage Temperature
Surface area packaging
102]

R(02)

Water vapour pressure

Permeability

Natural rubber
pp(d=0.8871)
PP (extruded)
No data
Required Permeability
Designed Permeability
VoError

Min. Cost

2 mil

MAP DESIGN PACKAGING REPORT

Green Pepper

281.50
725.00
3.00
5.00

0.009
Qxyin
1.19E-01

4.89E-03

6.87E-03

0.0150
0.0150
0.00%

0.0952

Produce Weight 0.20

K 85
cm(2) Total thickness 2.00
% 3.00
ml kg (-1) hr(-1) 5.00
atm Transpiration Rate 181.2208
Carbondioxide Water Vanour
8.03E-01 -
1.70E-02 -
5.72E-02 -
0.1083 92.7000
0.1083 _
0.00% _
Baht

Unit Permeability ml mil cm(-s2) hr(-1) atm(-1) 1, Thickness { mil ]

162

kg

%
mil
%
ml kg (-1) htf-1)
ml kg (-1) hr(-1)

Tliickness

11777
0.0635

0.7588



2.3

Frail and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeability

Natural rubber
PP(d"0.8871)
PI'(extruded)

No data
Required Permeability
Designed Permeability
esError

Min. Cost

3 mil

MAP DESIGN PACKAGING REPORT

Green Pepper Produce Weight 0.20
281.50 K RHpackaging 85
725.00 cm(2) Total thickness 3.00
3.00 % [C02] 3.00
5.00 mlkg(-)M -1) R(C02) 5.00
0.009 atm Transpiration Rate 181.2208
Oxygen Carbondioxid e Water Vapour
1.19E-01 8.03E-01
4.89E-0? 1.70E-02 -
6.87E-03 5.72E-02 -
0.0224 0.1624 139.0000
0.0224 0.1624 -
0.00°i 0.00% -
0.1464 Baht

Unit  Permeability [ ml mil cm(-w2) hK-1) alm(-1) ]. Thickness [ mil ]

163

kg

%

mil

\
ml kg (-1) hK-1)
ml kg (-1) hK-1)

Thickness

2.2307
0.0543

0.7150



2.4
4 mil
MAP DESIGN PACKAGING REPORT
Fut ad Nare Green Pepper Produce Weight 0.20
Soae tarpadue 281.50 K RH packaging 85
Sifaedia pedegg 725.00.. cm(2) Total thickness 4.00
! 3.00 . [co2] 3.00
R(02) 5.00 ml kg (-) hK'l) R(C02) 5.00
Water vapour pressure 0.009 atm Transpiration Rate 181.2208
Permeability Oxvsen Carbondioxid e Water Vapour
Natural rubber 1.19E-01 8.03E-01 -
PP(d=0.887I) 4.89E-03 1.70E-02 -
pp(extruded) 6.87E-03 5.72E-02 -
No data % -
Required Permeability 0.0299 0.2165 185.0000
Designed Permeability 0.0299 0.2165 -
v.Error 0,00V. 00 )
Min. Cost 0.1977 Baht

Unit  Permeability [ ml mil cm(-2) hK'l) atm(-I) ], Thickness [ mil 1

164

kg

%

mil

%
ml kg (-1) hK'l)
ml kg(-1) hK'l)

Thickness

3.2902
0.0476

0.6622



2.5

Fruit and Vegetable Name
Storage Temperature
Surface area packaging
102)

R(02)

Water vapour pressure

Permeability

Natural rubber
pp(d=0.887I)
PP(exlruded).
No data
Required Permeability
Designed Permeability
%EtTor

Min. Cost

5 mil

MAP DESIGN PACKAGING REPORT

Green Pepper Produce Weight 0.20
281.50 K RHpackaging 85
725.00 cm(2) Total thickness 5.00
3.00 % [C02] 3.00
5.00 ml kg(-1) hK-1) R(C02) 5.00
0.009 atm Transpiration Rate 181.2208
Oxvsen Carbondioxid e Water Vapour
1.19E-01 8.03E-01 w
4.89E-03 1..70E-02 -
6.87E-03 5.72E-02
0.0374 0.2706 232.0000
0.0374 0.2706 -
00% 0.00% .
0.2490 Baht

Unit Permeability [ ml mil cm(-2) M -1) atm(-I) ] . Thickness { mil ]

165

kg

%

mil

%
ml kg (-1) hK-1)
ml kg (-1) hK-1)

Thickness

4.3491
0.0407

0.6102
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Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

k(02)

Water vapour pressure

Permeability

Natural rubber
PP(d=0.8871)
PP(exIruded)

No data
Required Permeability
Designed Permeability
eError

Min. Cost

MAP DESIGN PACKAGING REPORT

Leek

274.50

888.00

10.00
0.006

Oxvpcn

8.43E-02
2.96E-03

4.07E-03

0.0177
0.0177
0.00%

0.0609

K
cm(2)
%
ml kg(-1) hK-1)
atm
Carbondioxide
6.08E-01
1.05E-02
4.92E-02
0.0725
0.0725
0.00%
Baht

I'nit : Permeability [ ml mil cm(-e2) hr(-1) alm(-1) ) . Thickness 1mil ]

I

(Leek)
Produce Weight 0.30
Repackaging 95
Total thickness 1.00
[C02] 4.90
R(C02) 9.00
Transpiration Rate 74.1007

Water Vapour

18.9000

166

kg

%
mil
%
ml kg (-1) hr(-ly
ml kg (-1) hK-1)

Thickness

0.8592
0.1271

0.0137



3.2

Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeability

Natural rubber
pp(d=0.8871)
pp(extruded)
No data
Required Permeability
Designed Permeability
*/.Error

Min. Cost

MAP DESIGN PACKAGING REPORT

Green Pepper

281.50
725.
3.
5.

0.009

Oxygen

1.19E-01
4.89E-03

6.87E-03

0.0440

K
cm(2)
%
ml kg(-1) hK-1)
atm
Carbondioxide
8.03E-01
1.70E-02
5.72E-02
0.0541
0.0541
0. %
Baht

Unit : Permeability [ ml mil cm(-2) hr(-1) atm(-I)] 1Thickness [ rail ]

Produce Weight

Repackaging

Total thickness

[co02]

R(C02)

Transpiration Rate

0.20

85

3.

5.

181.2208

Water Vapour

46.

167

kg

roil

%
mlkg(-1) hr(-l)
mlkg(-1) hK-1)

Thickness

0.1198
0.0713

0.8089



Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeability

Natural rubber
pp(d=0.8871)
pp(extmded)

No data
Required Permeability
Designed Permeability
%Error

Min. Cost

MAP DESIGN PACKAGING REPORT

Apple{golden)

274.15
1320.00
3.00

1.10

Oxygen

8.28E-02
2.89E-03

3.96E-03

0.0102
0.0102
0.00%

0.0877

K
cm(2)
%
ml kg(-1) hK-1)
atm
Carbondioxide
5.99E-01
1.03E-02
4.88E-02
U.0818
0.0818
0.00%
Baht

Unit Permeability [ ml mil cm(-2) hr(-1) atm(-1) ] . Thickness [ mil ]

Produce Weight
RHpackaging
Total thickness
[C02]

R(C02)
Transpiration Rate

Water Vapour

2.27

1.00

3.00

kg

%

mil

%
ml kg (-1) hr(-
mlkg(-1) hrf-

Thickness

0.6640
0.0552

0.2808



34

Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeability

Natural rubber
pp(d=0.8871)
PP(extruded)

No data
Required Permeability
Designed Permeability
%Error

Min. Cost

MAP DESIGN PACKAGING REPORT

Celery(clean cut)

274.50 K
1210.00 cm(2)
5.00 %
2.80 ml kg(-1) hK-I)
0.006 atm
oxvegen Carbondioxide
8.43E-02 6.08E-01
2.96E-03 1.05E-02
4.07E-03 4.92E-02
0.0097 0.0379
0.0097 0.0379
0.00% 0.00%
0.0808 Baht

Unit  Permeability [ ml mil cm(-2) hrf-1) atm(-1) ] . Thickness [ mil ]

Produce Weight
RHpackaging
Total thickness
[C02]

R(C02)

Transpiration Rate

3.00

1.70

260.8345

Water Vapour

134 0000

kg

%
mil
%
ml kg (-1) hr(-ly
ml kg (-1) hr(-l)

Thickness

0.7117
0.2585

0.0299
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278.15

Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeability

Natural rubber
pp(d=0.8871)
pp(extruded)
No data
Required Permeability
Designed Permeability
*/oError

Min. Cost

MAP DESIGN PACKAGING REPORT

Shredded cabbage

278.15

720

3

12.877

Oxv?en

1.01E-01

3.86E-03

5.36E-03

0.0057

0.0057

0.00%

0.0442

K
cm(2)
%
ml kg(-1) hi(-1)
atm
Carbondioxide
7.04E-01
K.36E-02
5.33E-02
0.0205
0.0205
0.00%
Baht

Unit  Permeability [ ml mil cm(-2) hr(-I) alm(-1) ] , Thickness [ mil ]

8
Produce Weight 0.06
RHpackaging -
Total thickness 0.9843
[Co2] 5
R(C02) 10.752

Transpiration Rate -

Water Vanour

170

kg

%

mil

%
ml kg (-1) hi<-I)
ralkg(-l)hi<-1)

Tliickness

0.3257
0.6426

0.0159



4.2
283.15

Fruit and Vegetable Name
Storage Temperature
Surface area packaging
102]

R(02)

Water vapour pressure

Permeabilitv

Natural rubber
pp(d=0.8871)
PP(extruded)
No data
Required Permeability
Designed Permeability
%Error

Min. Cost

MAP DESIGN PACKAGING REPORT

Shredded cabbage

283.15
720
3

22.013

Oxygen

1.20E-01
5.48E-03

7.75E-03

0.0098
0.0098
0.00%

0.0452

K

cm(2)

%

ml kg(-1) hr(-1)
atm
Carbondioxide

8.55E-01
1.90E-02
5.92E-02
0.0351
0.0351
0.00%

Baht

Unit Permeability [ ml mil cm(-2) hrf-1) alm(-1) ] . Thickness [ mil ]

Produce Weight 0.06

RHpackaging

Total thickness 0
[CO02]

R(CO02)

Transpiration Rate

Water Vanour

.9843

18.381

171

kg

%

mil

%
ml kg (-1) hK'
mlkg(-)hK-

Thickness

0.4467
0.5159

0.0217



4.3
288.15

Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeabilitv

Natural rubber
PP(d=0.8871)
PP(extruded)
No data
Required Permeability
Designed Permeability
%Error

Min. Cost

M AP DESIGN PACKAGING REPORT

Shredded cabbage

288.15
720
3

36.0951

Oxygen

1.62E-01
7.70E-03

1.10E-02

0.0161
0.0161
0.00%

0.0459

K
cm(2)
%
ml kg (-I) hrf-1)
atm

Carbondioxide

1.03E00
2.63E-02

6.56E-02

0.0589
0.0589
0.00%

Baht

Unit : Permeability [ ml mil cm(-2) hr(-1) alm(-) ] . Thickness [ mil ]

Produce Weight
RHpackaging
Total thickness
[C02]

R(C02)

Transpiration Rate

0.06

0.9843

5

30.854

Water Vanour

172

kg

%

mil

%
ml kg(-1) hif-1)
ml kg (-1) hK-I)

Thickness

0.5183
0.3997

0.0663
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293.15

Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeability

Natural rubber
pp(d=0.8871)
PP(extruded)
No data
Required Permeability
Designed Permeability
%Error

Min. Cost

MAP DESIGN PACKAGING REPORT

Shredded cabbage
293.15 K
720 cm(2)
3
60.8510
- atm

Oxygen

2.02E-01
1.07E-02

1.56E-02

0.0271
0.0271
0.00%

0.0467 Baht

ml kg(-1) hrf- 1)

Carbondioxide

1.24ECO

3.60E-02

7.23E-02

0.0971

0.0971

0.00%

Unit : Permeability [ ml mil em(-2) M -1) alm(-1) 1.Thickness [ mil ]

Produce Weight 0.06

RHpackaging R

Total thickness 0.9843
[C02] 5
R(C02) 50.8106

Transpiration Rate

Water Vapour

173

kg

%

mil

%
ml kg (-1) hK-
ml kg(-1) hK

Thickness

0.6131
0.3232

0.0480



4.5
298.15

Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02]

R(02)

Water vapour pressure

Permeabilitv

Natural rubber
PP(d=0.8871)
PP(extruded)

No data
Required Permeability
Designed Permeability
VoHrror

Min. Cost

MAP DESIGN PACKAGING REPORT

Shredded cabbage

298.15
720
3

98.59

Oxygen

2.51E-01
1.47E-02

2.17E-02

0.0439
0.0439
0.00%

0.0471

K
cm(2)
%
ml kg (-1) hK-1)
atm
Carbondioxide
1.48E00
4.87E-02
7.95E-02
0.1573
0.1570
0.19%
Baht

Unit Permeability [ ml mil cm(-2) lu{-1) atm(-1) ). Thickness [ mil ]

Produce Weight
RHpackaging
Total thickness
[C02]

R(C02)

Transpiration Rate

0.06

0.9843

82.323

Water VaDour

174

kg

%

mil

%
ml kg(-1) hr(-l)
ml kg (-lyhrt-1)

Thickness

0.6584
0.2179

0.1079



2521

2541

2542
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