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SUMMARY

I. Title

Modeling of modified atmosphere packaging for highly value added fruits.

II. Objectives

Since agricultural industry in Korea has been faced with serious enforcement
to open its market from foreign country. Growing high quality produce can be a
solution to overcome. Growers are now much more trying to pay attention to
harvest value added produce such as mandarin oranges, sweet persimmons, and
peaches. Packaging technology may not improve their quality or freshness, but
has a key role to keep their qualityadding market values.

Modified Atmosphere Packaging technology is not a cinderella for all produce,
and actually few researches have success with different products. MAP of fresh
produce is different to other foods because fruits and vegetables respire,
modifying their own atmosphere and responding to modifications produced. The
most 1important variables determining package atmosphere are temperature,
product respiration rate, plastic film permeabilities, film surface area, film
thickness, product weight, product respiratory quotient, and film carbon/oxygen
permeability ration. However, there are just few studies done regarding
modeling of MAP, especially in Korea.

The aim of this study was to develop a model that could be used in the
design of modified atmosphere packaging(MAP) for highly value added fruits,

such as mandarin oranges, sweet persimmons, and peaches.



M. Research areas and limitation

This research area was to develop useful model of MAP for selected fruits,
mandarin oranges, sweet persimmons, and peaches. To achieve this goal, for the
first year, this research was designed to reveal respiration characteristics of each
fruits and to screen possible packaging materials with economic consideration.
For the second year, in—depth study regarding packaging materials for MAP
modeling was done and recreated known respiration rate models. The results
were then verified the established model with statistical computer program and

experimental data.

IV. Results and recommendation

1. Basic study

In order to keep theological base of MAP research, in—-depth study has done
for selected fruits, packaging materials, as well as customers. Respiratory data
at 5, 10, 20C for peaches and mandarin oranges were gathered and altered for
modeling data. Storage temperature was different for sweet persimmons at 0, 10,
20C due to commercial needs. Respiration rate of peaches was highest, contrar
The maximum rate of oxygen uptake increased with increasing temperature.
Concentration of oxygen was comparably high as increased film area. The
packaging materials were conventional low density polyethylene and
polypropylene with anti-fog, and anti—fungi treatments, and thickness was 30um

and 50um.

2. Packaging materials

The most cost effective film with fairy good MAP characteristics were low

density polyethylene and polypropylene. Permeability tests were performed to



find their oxygen, carbon dioxide, water vapor transmission rate as increases in
temperature. Test results were then converted to logarithm format to know their

temperature dependent package permeability .

3. package-product modeling

It is concluded that the strategy developed is of use in designing dynamic gas

exchange MAP systems, and also has potential uses in similar agricultural
products.
Optimum gas composition in the package system for particular fruits were set
and then respiration rate were calculated for open type model. After upper or
lower limits of oxygen and dioxide was estabilished, formula to predict gas
composition at certain storage time, weight of fruits, film thickness, film type,
and other variables. To access this model easily, a computer program was made
using Visual Basic program.

The wvalidity of the model was tested experimentally by observing actual
atmospheric changes in MAP systems. It i1s concluded that the strategy
developed is of use in designing dynamic gas exchange MAP systems, and also

has potential uses in similar agricultural products.

4. Economical aspects
Multi—functional, but very expensive Micro—perforated film or other functional
films were not much recommended due to their price. Anti-biotic functional
labt] which developed for MAP purpose is much cheaper, so can be useful for
economy conscious customers.

5. Recommendation for future study
Trial-and-error type research for MAP is limited because it hardly have a

theological background and also difficulty of reproducibility. Developed model can

be much more useful if it use for similar studies. Because of their nature,

_10_



agricultural products are difficult to get good experimentation result from short
period of study. Therefore, to get a reliable model, long term, but very intensive

study is highly recommended.

_11_
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(permeation), PG(m¢/hr)= 2] (3) Zo] EdE 4 U
PG = kgAAG 3)

2 (3N keeE BEY 72FT A(ml/hr - m' - atm), AE 229 WH (), AG
A GY =4 ot
, Ro(mb/hr - kg)= AF 2 FH9 d4xA A 717 L

i
Sk 5 FEE = wel gd2n. 284 Ree A @9k ol xd8E 5 Utk

R = £(O, C, Eth, t, T, M, CV, x) (4)

G = gas associated with respiration(oxygen, carbon dioxide, ethylene, etc.)
O = oxygen concentration

C = carbon dioxide concentration

Eth = ethylene concentration

t = temperature

T = storage time

M = product maturity

CV = cultivar type

X = any other factor(s)

dG _ P RW 5)

V = total free volume in the package(m{)

W = weight of the product in the package(kg)
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Fig. 1. Weight loss of mandarin during storage at different temperature
(A: 0C, B: 10T, C: 20TC)
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Fig. 4. Effect of 0.03mm LDPE film packaging on the oxygen consumption
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Fig. 10. Effect of 0.0bmm Polypropylene film packaging on the oxygen
consumption rate and carbon dioxide evolution rate of peach
during storage at different temperature (A: 5C, B: 10TC, C: 207C)
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Fig. 11. Weight loss of sweet persimmon during storage at different
temperature.
(A: 0C, B: 10T, C: 20C)
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Fig. 12. Effect of different film packaging on hardness of sweet persimmon
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Fig. 13. Effect of 0.03mm LDPE film packaging on the Oq
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Fig. 14. Effect of 0.03mm LDPE film packaging on the oxygen consumption
rate and carbon dioxide evolution rate of sweet persimmon during
storage at different temperature (A: 0C, B: 10C, C: 207C)
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Fig. 15. Effect of 0.03mm Polypropylene film packaging on the O and
CO2 concentration of sweet persimmon during storage at different
temperature (A: 0C, B: 10C, C: 20C)
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Fig. 16. Effect of 0.03mm Polypropylene film packaging on the oxygen
consumption rate and carbon dioxide evolution rate of sweet
persimmon during storage at different temperature (A: 0C, B: 10
T, C:200)
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Fig. 17. Effect of 0.0omm LDPE film packaging on the Os and CO-

concentration of sweet persimmon during storage at different
temperature (A: 0C, B: 10C, C: 20C)
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Fig. 18. Effect of 0.05mm LDPE film packaging on the oxygen consumption
rate and carbon dioxide evolution rate of sweet persimmon during
storage at different temperature (A: 0C, B: 10C, C: 207C)
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Fig. 19. Effect of 0.05mm Polypropylene film packaging on the O and

CO2 concentration of sweet persimmon during storage at different
temperature (A: 0C, B: 10C, C: 20C)
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0.05mm PE(Polyethylene), PP(Polypropylene) filme AF-&3th. EFol= 3 &
ZkZy 4T, 10C9F 20C &2 - FF712 &7 by &< WA ohg Addste]
dokeh ohs EA 3

Abgstth e 2L HES BAR) x 2507hR) em® A
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(EPS)/g#toll & A 74datad o,
TEE A A 2T HFS VIeo R skl 10709 AlRE St Hdigta
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CO2-02 analyser(PAKI12P, Abiss Co., France)& 01% stof 7+ 284 Ttz e A
ALedth T8 B4 v Zh(Lee et al, 1996).
S Py, (0.21—1[0,1/100)
o, = WL (7)
S Pco, ([CO41/100—0.00)
Tco, = (8)

WL

[ 0,] : A2 5%(%), [ CO,) : olitstets 5=(%), L : T35 F7(m), P : di7]¢Hatm)
1O AF22n e &%= (ml/kgh) , rCO; : oAt ekt Al o] &4 % (ml/kgh), Po :

EFEF oA T I = (mL/ i/ mzh atm), Peor @ EFLEF o]astetaF % (mL/m/ m?h

(%) A% % 12
ok AYTe IHEATE Fig. 12004 05 v o] 2T 03 o7

_75_



A7 20CellA

\

gl ATt s=obA

3R
-

El

3

Jol] ¢

4, 43713 52 0T 0.05mm PE 3.8%<]
7] WiEo =z AZtE g (Moon et al, 1992).

L

Ee\i\_

=

=

2}

Tl =

B

A
,ﬂl
w

o

ol

ol

i3

1o

A ] (Park et
zkol= A

A
Al

=

=

1 ek

9]

|

o
u

PE Filmell A

=

=3

=5

uy’
& AAzre) Aol

by

<
=

=t
=

%
o digf 9~10%E = dEA Aot

al

B3 (Kwon et al, 1992)¢} E<o} ‘)

L

al., 1999).

t}

K

;oT
NJo
N
N
o)
B

—

NV

|

o

A5

H 7z
e}

3)
A=y

1
S}

kel
SRR

2t

9

hvA
e ul

Al

CEETE !

cellulose, hemicellulose, pectin substance

S
o Fh5 R el @ atol

2=
=

Polyuronide A}

L

.

R

ol

Ho) gtk wejuf Bale] LA oA

L

fE

ol u

7F 84315 o] celloulose, hemicellulose®] +#

A| 5

[e)
;_'("

H

o <4
ol A <)

=k

al

MALe] o]z} ol

H

}

L
L

fu

7

A 3
] Polygalacturonase®]

Av). weA A

B4}
77kl w2

ul
=
3

i

R

i

.

3l %

g0}

X

711 gkt (o], 1997).

19]d oz 7|AHe ~EwHA7} 7}

A7 =eA= e 54

o 7 o7’ (Hobson et al., 1981).
(]

1o

_76_

q]

7
o

~

)

-

tobar A 9tHGeeson et al., 1983). HEoko]

[e)

o

g]

=4

(¢

B, ANl BelH &gl

= 9lg

a=:l

Eixe:
!

3}
2lo] e},

i

9
yl

A

3

g
q

3

¥
-

, A=l

S mael

S

]

v
=4

=
=

| F43 Wrshe Aol ok 4
8

EREE EX

A
o~
T



o

ol uhet

]

S

Bgobe] AqA7|7ke] nhe

A o7k el deh
al gE] AR aEsof

(Schlimme et al., 1994).

[e]

%%ﬂ%@ﬂ%_ﬂ%éﬁo%ﬂﬂw% ﬁﬁ%%ﬁ%
s o =<0 ol 0 =l iy
TR AsTRRe TR M S
TERNaIE N PPy THE _a
GICHNR CRRGEAS oy s T AN S
R - Tk (I I ooy, R C°
o NXO — ol L o © — op o = ol
JIH,__lo,ﬁ on EJ. o X_/ﬁ,ﬁ
MO e TRy M Toolm e
of ooy ROPE Do A TRy R =
o BB & o HE N TR Ao g o} M* o N
of LT o T g LT ooy g omowrome X
=28 dp==E 48l 4T R A M
e T O B om o R ™ iy TR W)
o o) © 4 T wp T o o T S = e
PErgrasdgTEais grr iRl
oM s W S G AT
ol (i < ° — » N Ty =
T ke TRl iey 8 o
© ME s dws R b GRS
NI - S T R A e LT
P Y I ag T ®FE K o 2 o® T
— N Gy T =
~ ~ W ow & N = P 5 T2 [y
7%%ﬂomuwﬁﬂﬂw_%ﬂﬂ%@ TR P g
%ﬂ%ﬂ_M#%ﬂA%?%%ﬂ T F o o &
o _ B o : o W — X
T e N T Aoy T L LR N )
X]WLCI_ALAOT]Z_O,WIHMAPWQHLJI] ,m_wlwoﬁﬂrmoﬁd_l
R TR C R o Tlw o ow A
ﬂxﬂMxO]i_‘HOATﬂﬂodVl‘ml]PLﬂﬂﬂ L.71Jn_AIHLHL_.
\I‘Vl X0 % 0 - _,ﬁ = Wi ‘ul O# < V M.V_.E o _ﬁo m 3
HC IR - e Bop o Aoy,
A S R M sz
o H % > n N o H o T A N iy g ©
(= B e L s du R ; = o W S, o —
F o N o < ANr &3 ) =0 =
ﬂ.ﬁﬂﬂ §] X XO .L.ro_,iiA N =0 D
[ = 1 XY o gp 00 0 -~ T, =) o RN
EMH o L.\Z.l Jl»A‘.#A\_ P e~ L 0 HELC
B E R 2 8 F MmO T 42X el ym
W BT B LT PN %%7,%aw wZ 0 5w
T o HTN,/UMQ‘WEJAIE i_.ﬂlMM‘M.#AiﬂAI © ,Nr_._ %ﬂ_oiio e NrL IH
=0 + —_— — —
tr P edhrardg ¥ hewgs 0GR 4w g
o0 N o) M I ode B OB RO ~ o (=) E S WX oo ®
MR THPIRAEPDDTE T BT M

To Hls PE

=

PPZ 3
- 77 -



100 .%:

)
»
173
2 80
2 20
2
[
; —e— PE30
10 d —O— PES50
—v— PP30
—v— PP50
—&— control
0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Storage time (hr)

(A)

S
(2]
(%]
S 80
= 20
ped
2
10 4
0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180
Storage time (hr)
100 #
S
(2]
(%]
S 80
= 20
ped
2
10 4
0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Storage time (hr)

©)

Fig. 21. Weight loss of peach during storage at different temperature
(A: 4T, B: 10T, C: 20T).
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Fig. 22. Effect of different film packaging on hardness of peach during
storage at different temperature (A: 4C, B: 10C, C: 20C)
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Fig. 24. Effect of 0.03mm LDPE film packaging on the oxygen consumption
rate and carbon dioxide evolution rate of peach during storage at
different temperature (A: 5C, B: 10T, C: 20C)
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Fig. 25. Effect of 0.0omm LDPE film packaging on the O: and COq
concentration of peach during storage at different temperature (A:
5T, B: 10T, C: 207C)
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Fig. 26. Effect of 0.05mm LDPE film packaging on the oxygen consumption
rate and carbon dioxide evolution rate of peach during storage at
different temperature (A: 5C, B: 10T, C: 20C)
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Fig. 27. Effect of 0.03mm Polypropylene film packaging on the O and

CO2 concentration of peach during storage at different temperature
(A: 5C, B: 10T, C: 207C)
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Fig. 28. Effect of 0.03mm Polypropylene film packaging on the oxygen
consumption rate and carbon dioxide evolution rate of peach
during storage at different temperature (A: 5C, B: 10TC, C: 207C)
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Fig. 29. Effect of 0.05mm Polypropylene film packaging on the O and
COz concentration of peach during storage at different temperature
(A: 5C, B: 10T, C: 20TC)
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Fig. 30. Effect of 0.0bmm Polypropylene film packaging on the oxygen
consumption rate and carbon dioxide evolution rate of peach
during storage at different temperature (A: 5C, B: 10TC, C: 207C)
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P: the permeability coefficient(mol * gm/m’ + h - atm)

Po = 7}F2=% 39 Arrhenius constant(mol * imm/m’ « h - atm)

Ep = €43} oY= (J/mol)
R = 7] A< gas constant (8.3144] / mol * K)
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Table 1. Physical properties of plastic films used for the experiment.
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347 9% 724

PP
Tests
N kgf N kgf
Heat sealing strength(kg/15mm) 14 1.43 0.82
Tearing strength(kg/50m) 3 0.31 2 0.20
Elongation Cross Direction 12 1.22 10 1.02
Strength Machine Direction 13 1.331 12 1.22

% F(20£1°C, 65+2%RH)IA o] A @474, LDPESH PPe] 7% 50+2m.
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Table 2. Measurement of permeability of polyethylene films.

PE(density = 0.922)

Water vapor Oxygen Carbon Dioxide B = CO»/0-

Temperature(C)
0 8.00 1,360.73 12,343.78 6.63
5 9.50 2,179.13 13,760.43 6.31
10 11.23 2,5317.82 15,280.93 6.02
15 13.18 2,939.96 16,907.82 5.75
20 15.40 3,388.77 18,643.47 5.50
25 17.89 3,887.53 20,490.03 5.27
30 20.68 4,439.54 22,449.43 5.06

Table 3. Measurement of permeability of polypropylene films.

PP(density = 0.90)

Water vapor Oxygen Carbon Dioxide B = CO»/0Os

Temperature(C)
0 2.18 1134.80 3919.30 3.45
5 2.70 1351.01 44778.30 3.31
10 3.32 1598.53 5092.99 3.19
15 4.04 1880.40 5766.26 3.07
20 4.90 2199.75 6500.94 2.96
25 5.90 2559.83 '71299.80 2.85
30 7.05 2963.99 8165.55 2.75

¥ gxum/m’ - day = WVTR, STP ccxm/m’*day = OTR, CTR

PPe} LDPE Z &9 7[AFHE AdZAAE Arrhenius plotdt 23 ol HE 9
Fore <o ugt 259 FRe #AGe A HEE By Algdae
ofge} o] ko wE logarithm = Mo /MA T&E &3 &

L, AR 7AW dFES 98kl AREH U
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Table 4. Permeability formula of water vapor, oxygen, carbon dioxide to polyethylene
and polypropylene film.

Film gases Formula
Water vapor log P =5.706-2623/T
PE(density = 0.922) oxygen log P =10.34-2400.2/T

carbon dioxide log P =9.489-1650.9/T

Water vapor log P =6.664-3239.5/T

PP(den51ty — Ogo) oxygen log P :107672650/’1‘

carbon dioxide log P =9.715-2026/T

Table 49 €25 W&o =2 Table 58 Tl W& FH%9 g = CO/0:5 At

%3 A3 Table 5, 63 Zt}.

Table 5. Permeability of oxygen and carbon dioxide at various temperature to
low density polyethylene film used for the experimentation.

LDPE Oxygen Carbon dioxide
Temp.(T) 30um 50um 30um 50um B = CO/0:
0 2.58 1.55 17.14 10.29 6.63
5 3.03 1.82 19.11 11.47 6.31
10 3.52 2.11 21.22 12.73 6.02
15 4.08 2.45 23.48 14.09 5.75
20 4.71 2.82 25.89 15.54 5.50
25 5.40 3.24 28.46 17.08 5.27
30 6.17 3.70 31.18 18.71 5.06
35 7.01 4.21 34.06 20.44 4.86
40 794 4.76 37.10 22.26 4.67

¥ unitt STP cesum/m'*hr = OTR, CTR
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Table 6. Permeability of oxygen and carbon dioxide at various temperature to
polypropylene film used for the experimentation.

PP Oxygen Carbon dioxide
Temp.(C) 30/m 50zm 30/m 50/m B = CO/0;
0 1.58 0.95 5.44 3.27 3.45
5 1.88 1.13 6.22 3.73 3.31
10 2.22 1.33 7.07 4.24 3.19
15 2.61 1.57 8.01 4.81 3.07
20 3.06 1.83 9.03 5.42 2.96
25 3.56 2.13 10.14 6.08 2.85
30 4.12 2.47 11.34 6.80 2.75
35 4.74 2.85 12.64 7.58 2.66
40 5.44 3.27 14.04 8.42 2.58

¥ unit: STP cexum/m'*hr = OTR, CTR
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Table 7. Optimum internal gas composition and practical threshold for mandarin
oranges, sweet persimmons and peaches.

Optimum gas comp.(%) practical threshold(%)
Temp.
Products (C) 0 co. lower limit upper limit
’ ’ Oy CO2
mandarin oranges 1 15 0 5 5
sweet persimmons 0 3-5 5-8 3 10
peaches 0 1-2 5 0.25 6
(2) 524
b W vhel go] B ATE A fEEA o) FERUS HEE Suw Y
Aol EERDAL ol galarh. Ak % oldshia FREsb o] delzl He
28 dEo x4 Ao sFEL ol (2), 3)F o] AArETt
Y= W' L (2)
Vs COzz AP COz([ PZCOZ]/].OO_OOO) (3)
W- L
o 7] A4

P, ¥4259 A5 =(mL ﬂm/mz_hggtr_n)
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V = total free volume in the package(m{)

W = weight of the product in the package(kg)

2 uehd & gk 4 9 ok go] £%

a2 FAE A
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Table & Effect of thickness, weight and storage temperature on the rate of
respiration and headspace gas composition of mandarin oranges
packaged in low density polyethylene film.

Thickness headspace gas comp. Weight Storage Temperature(C)

rate of respiration (2) 5 10 20

300 13.15 12.10 9.95

Headspace Oo 500 12.00 11.36 6.55

300 8.22 7.45 4.15

300 1.78 2.34 3.88

O, uptake(mt - kg ' - hr') 500 1.22 152 3.05

30, 800 1.08 1.33 2.22
300 4.20 5.25 6.20

Headspace CO. 500 6.40 8.20 8.60

300 10.40 10.40 13.60

300 5.99 8.31 11.98

CO; uptake(mé - kg ' - hr') 500 5.48 7.79 9.97

300 5.35 6.29 9.78

300 3.00 3.30 2.45

Headspace Oo 500 5.30 1.10 1.00

300 4.90 0.70 0.55

300 2.94 4.65 6.51

O, uptake(mt - kg ' - hr') 500 2.13 3.13 4.21

50:m 300 1.37 2.00 2.89
300 6.55 10.30 9.40

Headspace CO, 500 8.60 13.60 15.20

300 11.40 16.50 21.90

300 9.34 16.31 18.17

CO; uptake(ml - kg ' - hr') 500 7.36 12.92 17.63

300 6.10 9.80 15.87
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Table 9. Effect of type of material, thickness, weight and storage temperature
on the rate of respiration and headspace gas composition of mandarin
oranges packaged in Polypropylene film.

Thickness headspace ga§ c?mp. Weight Storage Temperature(C)

rate of respiration (g) 5 10 20

300 11.70 8.50 5.90

Headspace O- 500 9.10 5.90 5.05

300 3.00 4.90 3.90

300 1.10 2.07 3.45

O, uptake(m? - kg ' - hr') 500 0.84 1.50 2.19

30 800 0.57 1.00 1.46
300 9.10 10.90 12.60

Headspace CO- 500 10.20 12.40 14.80

300 14.85 16.40 20.25

300 4.22 5.75 3.49

CO; uptake(ml - kg - hr')) 500 2.84 3.93 5.96

300 2.58 3.24 512

300 5.96 1.75 1.40

Headspace O- 500 6.50 2.30 1.20

300 4.85 0.65 0.40

300 2.18 3.18 4.46

O, uptake(m? - kg ' - hr') 500 1.22 1.86 2.70

50um 300 0.85 1.26 1.76
300 12.30 15.50 20.80

Headspace CO» 500 20.70 23.40 37.70

300 30.80 95.80 40.50

300 571 .17 14.02

CO. uptake(ml - kg ' - hr ') 500 5.76 7.40 1525

300 5.36 7.08 10.24
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Table 10. Effect of type of material, thickness, weight and storage temperature
on the respiration rate and headspace gas composition of Peaches
packaged in low density polyethylene.

Thickness headspace gas comp. Weight Storage Temperature(C)

rate of respiration (g) 5 10 20

300 0.50 0.53 0.45

Headspace O: 500 0.34 0.30 0.28

800 0.23 0.30 0.23

300 4.64 5.38 7.22

O, uptake(m{ - kg ' - hr ') 500 2.80 3.26 4.37

30sm 800 1.76 2.04 2.74
300 5.46 13.89 14.47

Headspace CO: 500 8.64 18.73 20.62

800 13.29 28.63 35.39

300 7.79 22.00 27.96

CO, uptake(ml - kg '+ hr'") 500 7.39 17.80 23.90

800 7.12 17.00 25.64

300 0.49 0.45 0.42

Headspace O: 500 0.40 0.31 0.31

800 0.29 0.25 0.35

300 4.64 5.39 7.22

O, uptake(m{ - kg ' - hr ') 500 2.80 3.26 4.35

S0um 800 1.76 2.04 2.72
300 7.68 11.90 18.24

Headspace CO: 500 11.61 20.35 31.55

800 15.36 33.67 45.61

300 10.95 18.84 35.25

CO, uptake(ml - kg '+ hr'") 500 9.94 19.33 36.59

800 8.22 19.99 33.06
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Table 11. Effect of type of material, thickness, weight and storage temperature on the
respiration rate and headspace gas composition of Peaches packaged in
polypropylene film.

Thickness headspace gas comp. Weight Storage Temperature(C)
rate of respiration (2) 5 10 20

300 0.45 0.48 0.40

Headspace O» 500 0.31 0.37 0.28

800 0.20 0.28 0.27

300 2.42 3.40 4.70

0. uptake(ml - kg '+ hr ') 500 1.46 2.05 2.84

30m 800 0.92 1.29 1.78
300 8.65 14.85 18.45

Headspace CO- 500 12.58 23.58 25.16

800 16.73 34.58 40.86

300 4.02 7.84 12.43

CO; uptake(ml * kg '+ hr ') 500 3.50 7.46 10.17

800 291 6.84 10.33

300 0.45 0.44 0.46

Headspace O» 500 0.39 0.32 0.49

800 0.40 0.36 0.20

300 2.89 3.40 4.68

0. uptake(ml - kg ' hr ') 500 1.75 2.05 2.80

50m 800 1.09 1.28 1.78
300 8.25 15.63 24.89

Headspace CO- 500 13.95 22.86 38.78

800 18.58 38.77 58.81

300 3.83 3.24 16.78

CO. uptake(ml * kg '+ hr ') 500 3.88 7.23 15.69

800 3.23 7.67 14.87
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Table 12. Effect of type of material, thickness, weight and storage temperature
on the respiration rate and headspace gas composition of sweet
persimmons packaged in low density polyethylene film.

Thickness headspace gas comp. Weight Storage Temperature(TC)
rate of respiration (g) 5 10 20

300 3.40 10.05 3.43

Headspace O- 500 471 5.16 2.32

800 3.17 4.26 1.22

300 2.43 2.88 6.18

O, uptake(ml - kg ' - hr ') 500 2.21 2,50 3.94

30m 800 1.51 1.65 2.61
300 5.90 5.23 3.40

Headspace CO, 500 8.49 6.74 4.88

800 13.67 3.83 8.33

300 3.41 8.27 6.57

CO, uptake(ml - kg ' - hr'h) 500 7.26 6.40 5.65

800 7.26 5.23 5.99

300 1.88 3.05 2.07

Headspace Oo 500 1.13 5.03 1.35

800 0.71 3.26 0.56

300 3.69 3.40 6.64

O, uptake(ml - kg ' - hr ') 500 2.70 252 4.14

50m 800 1.72 1.74 2.69
300 7.70 4.79 5.20

Headspace CO, 500 11.64 6.74 8.61

800 18.74 10.80 14.85

300 10.98 758 10.05

CO, uptake(ml - kg ' - hr'h) 500 9.96 6.40 9.99

800 10.03 6.41 10.76
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Table 13. Effect of type of material, thickness, weight and storage temperature
on the respiration rate and headspace gas composition of sweet
persimmons packaged in Polypropylene film.

Thickness headspace gas comp. Weight Storage Temperature(C)

rate of respiration (g) 5 10 20

300 6.43 7.73 7.43

Headspace O- 500 10.39 554 5.60

800 14.76 2.81 2.28

300 1.72 2.20 3.10

O, uptake(m{ - kg ' - hr ') 500 0.75 1.54 2.11

S0um 800 0.28 1.13 1.60
300 6.81 6.69 7.62

Headspace COq 500 9.70 10.82 9.04

800 15.56 16.00 16.13

300 3.16 3.53 513

CO; uptake(me - kg ' - hr') 500 2.70 3.42 3.66

800 2.7 3.17 4.07

300 2.27 552 0.95

Headspace O: 500 1.49 2.18 0.53

800 0.79 2.69 0.27

300 2.63 2.56 4.59

O, uptake(m{ - kg ' - hr ') 500 1.65 1.87 2.80

S0um 800 0.71 0.78 1.18
300 8.20 7.55 6.85

Headspace CO» 500 11.66 9.12 9.80

800 20.70 13.57 15.40

300 3.80 3.98 4.62

CO, uptake(ml - kg '+ hr'") 500 352 2.89 3.96

800 3.60 2.68 3.89
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Fig. 31. Effect of thickness and newly developed antibiotic label system on
headspace oxygen composition of mandarin oranges packaged in
polyethylene film at 5, 10, 20C.
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Table 14. Calculations of package headspace O: surrounding mandarin oranges
with time in 30um of LDPE package.

Weight(g)
300g 500g 800g

5T 10T 20C 5T 10T 20C 5T 10T 20C

0 21 21 21 21 21.00 | 21.00 | 21.00 | 21.00 | 21.00
24 18.07 | 1695 | 1549 | 1655 | 14.80 | 11.66 | 1443 | 13.12 9.50
48 16.65 | 1519 | 1337 | 15.03 | 13.60 | 1025 | 12772 | 11.46 6.70
72 1599 | 1468 | 1231 | 14.38 | 13.40 8.85 11.41 | 10.35 6.40
96 1529 | 1408 | 1166 | 14.23 | 13.00 8.20 10.65 9.55 5.95
120 | 14.38 | 13.17 | 11.16 | 13.27 | 12.50 6.85 9.90 8.95 5.20
144 | 1352 | 12.31 10.4 1251 | 11.70 6.40 8.65 8.00 4.31
168 | 13.07 | 12.01 9.85 1191 | 11.30 6.45 8.15 7.35 4.06

time,

% Initial free volume of 2825 4,/ was used and surface area was 0.075n" .

Table 15. Calculations of package headspace O: surrounding mandarin oranges
with time in 50um of LDPE package.

Weight(g)
300g 500g 800g

5C 10T 20C 5T 10T 20C 5C 10T 20C

0 21 21 21 21 21.00 | 21.00 | 21.00 | 21.00 | 21.00
24 18.07 | 1695 | 1549 | 1655 | 14.80 | 11.66 | 1443 | 13.12 9.50
48 16.65 | 1519 | 1337 | 15.03 | 13.60 | 1025 | 12772 | 11.46 6.70
72 1599 | 1468 | 1231 | 14.38 | 13.40 8.85 11.41 | 10.35 6.40
96 1529 | 1408 | 1166 | 14.23 | 13.00 8.20 10.65 9.55 5.95
120 | 14.38 | 13.17 | 11.16 | 13.27 | 12.50 6.85 9.90 8.95 5.20
144 | 1352 | 12.31 10.4 1251 | 11.70 6.40 8.65 8.00 4.31
168 | 13.07 | 12.01 9.85 1191 | 11.30 6.45 8.15 7.35 4.06

time,
hr

% Initial free volume of 2825 4/ was used and surface area was 0.075m" .
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Table 16. Calculations of package headspace O: surrounding mandarin oranges
with time in 30um of PP package.

Weight(g)

ﬁgf’ 300g 500g 800g
sc | 10c | 20c | s¢ | 10c | 20c | 5¢ | 10C | 20T

0 |21.000]| 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00
24 | 1756 | 1352 | 1065 | 1778 | 1312 | 935 | 1647 | 1272 | 890
48 | 1625 | 1196 | 890 | 1603 | 1055 | 775 | 1339 | 900 | 630

72 | 1532 | 1070 | 820 | 1505 | 1005 | 7.15 | 1275 | 825 | 585
96 | 1416 | 1000 | 765 | 1325 | 840 | 645 | 1179 | 715 | 5.10
120 | 1357 | 940 | 710 | 1266 | 780 | 600 | 11.04 | 645 | 451
144 | 1344 | 915 | 630 | 1137 | 665 | 500 | 966 | 490 | 391
168 | 1284 | 840 | 580 | 1043 | 580 | 495 | 937 | 481 | 381

% Initial free volume of 2825 4,/ was used and surface area was 0.075n" .

Table 17. Calculations of package headspace Oz surrounding mandarin oranges
with time in 50pm of PP package.

Weight(g)

ﬁgf’ 300g 500g 800g
sc | 10c | 20c | st | 10c | 20c | 5¢ | 10C | 20T

0 | 2100 | 21 | 2100 | 2100 | 2100 | 21.00 | 21.00 | 21.00 | 21.00
24 | 1657 | 145 | 1260 | 1614 | 1212 | 644 | 1543 | 11.39 | 171
48 | 1421 | 1015 | 540 | 1406 | 999 | 531 | 1311 | 902 | 155
72 | 183 | 77 | 767 | 1195 | 782 | 416 | 1076 | 659 | 1.39
9% | 990 | 57 | 340 | 982 | 561 | 298 | 837 | 408 | 123
120 | 795 | 363 | 243 | 765 | 331 | 176 | 593 | 142 | 1.08
144 | 722 | 285 | 166 | 735 | 298 | 159 | 565 | 110 | 078
168 | 649 | 204 | 165 | 705 | 265 | 142 | 536 | 078 | 049

¥ Initial free volume of 2825 4/ was used and surface area was 0.075m .
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Table 18. Calculations of package headspace Oz surrounding sweet persimmons
with time in 30um of LDPE package.

Time, Weight(g)
hr 300g 500g 800g
(day)

5T 10T 20C 5T 10C 20C 5C" 10C 20C
0(0) 21.00{ 21.00] 21.00{ 21.00{ 21.00] 21.00] 21.00| 21.00 21.00
24(21) 1954 1645] 1357 1397 10.15 9.19 9.68 7.31 4.68
48((42) 19.49| 13.53 9.34| 1588 8.64 6.43 9.86 6.02 3.25
72(63) 19.17)  10.44 8.34| 13.90 6.52 5.64 9.07 4.63 2.92
96(84) 19.85| 10.83 6.92| 13.33 5.45 471 8.46 3.92 2.46
120(105)| 16.15 9.90 5.53 9.29 5.23 3.77 6.06 4.06 1.94
144(126)| 13.33| 10.41 3.79 6.90 5.33 2.96 4.27 4.39 1.33
168(147) 9.64 9.95 3.35 4.61 5.06 2.25 3.09 417 1.17

¥ Initial free volume of 2825 4/ was used and surface area was 0.075m .
For 5C, the time unit is day.

Table 19. Calculations of package headspace Oz surrounding sweet persimmons
with time in 50um of LDPE package.

Weight(g)
300g 500g 800g

5C" 10T 20C 5C" 10T 20C 5C" 10T 20C

0(0) 21 21 21 21 21.00 | 21.00 | 21.00 | 21.00 | 21.00
24(21) 11.39] 1479 13.01 6.39 9.66 9.24 3.95 5.74 4.54
48((42) 11.04| 12.26] 10.82 5.93 8.57 3.14 3.68 497 4.03
72(63) 10.84| 10.44 8.64 5.77 6.49 5.80 3.68 3.93 2.71
96(84) 13.94 9.46 2.28 5.10 5.88 1.54 3.14 3.52 0.71
120(105) 341 3.55 2.37 4.11 6.04 1.62 2.52 3.90 0.74
144(126) 7.02 9.05 2.34 3.25 5.83 1.64 1.82 441 0.71
168(147) 6.28 3.60 2.40 3.06 5.54 1.59 1.45 3.71 0.68

time,
hr

¥ Initial free volume of 2825 4,7 was used and surface area was 0.075M . For
5T, the time unit is day.
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Table 20. Calculations of package headspace Oz surrounding sweet persimmons
with time in 30um of PP package.

Weight(g)
300g 500g 800g

5C" 10T 20C 5C" 10C 20C 5C” 10C 20C

0(0) 21.000 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00
24(21) 20.95| 1540 1256 1540[ 11.51 9.40| 10.57 5.78 4.99
48((42) 20.18| 13.65 9.34| 18.01| 10.23 6.99] 10.33 5.15 3.74
72(63) 19.38| 10.44 8.34| 16.19 7.85 6.22| 10.80 3.94 3.32
96(84) 18.73 8.82 6.92| 16.02 6.59 523 10.18 3.34 273
120(105)| 15.80 6.90 752 11.67 515 5.13 .57 2.59 2.19
144(126)| 15.18 741 777 11.50 5.07 5.80 7.62 2.02 2.49
168(147)| 1559 7.62 732 11.63 544 5.50 7.82 2.73 2.21

time,
hr

% Initial free volume of 28254,/ was used and surface area was 0.075m . For
5T, the time unit is day.

Table 21. Calculations of package headspace O: surrounding sweet persimmons
with time in 50um of PP package.

Weight(g)
ﬁhmre’ 300g 500g 800g
sct | 10c | 20c | s¢ | 10c | 20 | 5¢ | 10C | 20C
0(0) 340 1356| 1195 225|802 711 438|822 746

24(21) 3.94| 1293 10.25 2.61 7.87 5.90 4.65 8.04 6.68
48((42) 4.37 9.24 8.15 2.90 4.71 4.72 4.81 8.50 5.96
72(63) 4.44 7.22 2.92 2.98 291 1.42 4.90 6.80 3.40
96(84) 3.61 594 1.48 241 2.54 0.83 4.46 6.05 2.74
120(105) 2.88 6.06 1.19 1.90 3.11 0.76 4.00 5.67 2.53
144(126) 2.62 6.05 1.13 1.75 2.52 0.64 3.84 6.44 2.49
168(147) 6.49 2.04 1.65 7.05 2.65 1.42 5.36 0.78 0.49

# Initial free volume of 28254,/ was used and surface area was 0.075m . For
5T data only, the time unit is day.
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Table 22. Calculations of package headspace O: surrounding peaches with time in

30um of LDPE package.

Weight(g)
Tihr?e’ 300g 500g 800g
sc | 10c [ 20c | 5¢ | 10c [ 20c | 5¢ [ 10c | 20¢

0 21000 21.00] 2100 2100 2100 2100 2100 2100 | 2100
o4 | 530 128] 125 449 104 060 344 105 059
48 275  046| 074 175 o070 o028 153 080 023
7 200  o056| o065 164 070 032 096 o068 o021
% 155 o051 o071 107 o034 o030 o068 o070 022
120 126  o036] o068 o083 o046 022 057 045 o2
144 104 o036] 036 077 o020 o021 047 047 o022
168 048] o051 o04a3] o032] o029 027 022 020 o022

¥ Initial free volume of 2825 4,/ was used and surface area was 0.075m .

Table 23. Calculations of package headspace O surrounding peaches with time in

50um of LDPE package.

Weight(g)
Tihr?e’ 300g 500g 800g
sc | 10c | 20c | 5¢ | 10c | 20¢ | 5¢ | 10C | 20¢C

0 21000 21000 21.00] 2100] 2100 21.00] 2100 21.00 | 21.00
2 0.82| =226| 096 730 138 o063] 464 o] o047
48 og7 055 074 133 o043] 057 098] 026 034
7 o71] o063 072 o062 037 o052 o060 028 040
9% 702l 072 o061] 050 048] 049 044 024 o0ms
120 053 067 053] o054 042] 044 046] 029 053
144 051 069 048] 049 043] o041 o041] o028 046
168 059 055 050 049 037 038 035] 030 o042

¥ Initial free volume of 2825 4,/ was used and surface area was 0.075m" .
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Table 24. Calculations of package headspace O: surrounding peaches with time in
30um of PP package.

Weight(g)
Tiﬁ?e’ 300g 500g 800g
sc | 10c | 20c | 5¢ | 10c | 20c | 5¢ | 10C | 20C

0 1174  146] 075 816 103 035 566 098 038
24 390 102 o074 257 100 034 17 o9 o035
A8 241 09| o043] 1570 o079 024 11| o o0z
7 137 058]  034] o8] o041] o026 o059 040 031
% 081 043 040 055 0470 030 036 028 029
120 087 05 030 o062 044 027 o0a41] o020 026
144 076| 046 039 053 033 027] 035 027 026
168 048] 051 043 032 020 027 o022 o020 o022

% Initial free volume of 2825 4,/ was used and surface area was 0.075n" .

Table 25. Calculations of package headspace O: surrounding peaches with time in
50um of PP package.

Weight(g)
Tihr?e’ 300g 500g 800g
sc | 10c | 20c | 5¢ | 10c | 20c | 5¢ | 10C | 20¢C

0 21000 21000 21.00] 21000 2100 21.00] 2100 21.00 | 21.00
2 o4 162 069 704 102 o043 44| o072 o057
48 142 os1] o063 142 o044 039 o098 o049 043
7 108] o066 o063 o081 o046] o040 075 050 039
9% 0671 o063 o061] o071 03] 049 o055 042 o3
120 066| 057 o060 055 035 038 o062 047 035
144 055 057 053] 043 o033 033 o069 047 026
168 054 053] 055 035 03] 059 048] o044 o024

¥ Initial free volume of 2825 4/ was used and surface area was 0.075m .
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Fig. 32. Calculations of package headspace oxygen concentration surrounding
mandarin oranges with time in 30¢m of LDPE package. (A: 300g,
B: 500g C: 800g)
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Fig. 33. Calculations of package headspace oxygen concentration surrounding
mandarin oranges with time in 50¢m of LDPE package. (A: 300g,
B: 500g C: 800g)
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Fig. 34. Calculations of package headspace oxygen concentration surrounding
mandarin oranges with time in 30um of PP package. (A: 300g, B:
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Fig. 35. Calculations of package headspace oxygen concentration surrounding
mandarin oranges with time in 50um of PP package. (A: 300g, B:
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Fig. 36. Calculations of package headspace oxygen concentration surrounding
sweet persimmons mandarin oranges with time in 30um of LDPE
package. (A: 300g, B: 500g C: 800g)
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Fig. 37. Calculations of package headspace oxygen concentration surrounding
sweet persimmons with time in 50um of LDPE package. (A: 300g,
B: 500g C: 800g)
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Fig. 38. Calculations of package headspace oxygen concentration surrounding
sweet persimmons with time in 30um of PP package. (A: 300g, B:
500g C: 800g)
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Fig. 39. Calculations of package headspace oxygen concentration surrounding
sweet persimmons with time in 50um of PP package. (A: 300g, B:
500g C: 800g)
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Fig. 40. Calculations of package headspace oxygen concentration surrounding
peaches with time in 30um of LDPE package. (A: 300g, B: 500g
C: 800g)
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Fig. 41. Calculations of package headspace oxygen concentration surrounding
peaches with time in 50um of LDPE package. (A: 300g, B: 500g
C: 800g)
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Fig. 42. Calculations of package headspace oxygen concentration surrounding
peaches with time in 30mm of PP package. (A: 300g, B: 500g C:
800g)
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Fig. 43. Calculations of package headspace oxygen concentration surrounding
peaches with time in 50um of PP package. (A: 300g, B: 500g C:
800g)
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Table 25. Results of Regression analysis for LDPE film of mandarin oranges at
Passively modified atmosphere package of 300, 500, 800g

5, 10, 20C.

with initial free volume of 2825 s/ and surface area was 0.075m’.

Film thick. Temp. Wt.

(m) C) (g) Rsq d.f F Sigf b0 bl b2 b3
300 991 4 14525 .000 24.2757 -4.0450 6261 -.0373

5 500 .984 4 8026 .000 25.6764 -5.8334 9982 -.0601

800 .991 4 152.05 .000 27.8086 -8.48368 1.4874 -.0888

300 981 4 7017 001 26.2850 -6.7364 1.2326 -.0774

30 10 500 .955 4 2843 004 27.7929 -8.9602 1.7347 -.1098
800 .956 4 2920 .004 30.2057 -12.077 2.1362 -.1258

300 981 4 6910 .001 28.2257 -9.2239 1.6221 -.0986

20 500 974 4 4950 .001 29.6600 -11.193 2.0541 -.1262

800 .960 4 3176 .003 34.1900 -17.202 3.3002 -.2040

300 .956 4 29.00 .004 236764 -3.0526  .2547 -.0143

5 500 .990 4 13448 .000 27.5457 -8.1375 1.1770 -.0669

800 .952 4 2638 .004 33.9671 -17.224 32226 -.1958

300 991 4 13965 .000 259357 -6.0222 7019 -.0333

50 10 500 976 4 5494 001 299029 -11.448 1.7973 -.1025
800 911 4 1364 .014 36.8357 -21.451 4.1736 -.2580

300 975 4 5241 001 27.5664 -8.4401 1.2311 -.0662

20 500 .962 4 3406 .003 31.8600 -14.239 24219 -.1420

800 .891 4 1093 .021 40.7586 -26.902 54791 -.3452
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Table 26. Results of Regression analysis for PP film of mandarin oranges at 5,
10, 20C. Passively modified atmosphere package of 300, 500, 800g

with initial free volume of 2825 s/ and surface area was 0.075m’.

Film thick. Temp. Wt.
) Rsq d.f. F Sigf b0 bl b2 b3
(ym) () (g

300 .991 4 150.84 .000 24.7286 -4.5537 6715 -.0361
5 500 977 4 5569 .001 29.3386 -10.697 1.9419 -.1170
800 .957 4 2934 .003 32.3357 -14.893 2.8601 -.1778

300 .995 4 26547 .000 24.5614 -4.2449 5700 -.0327
30 10 500 .979 4 6255 .001 299793 -11.471 2.0570 -.1259
800 .943 4 22.09 .006 33.2357 -16.231 3.1158 -.1926

300 .990 4 13457 .000 27.1171 -7.4043 1.2099 -.0708
20 o500 .94 4 8019 .000 31.2457 -12.837 2.2556 -.1340
800 .957 4 2993 .003 34.4743 -17.604 3.3388 -.2035

300 .997 4 46774 000 25.2714 -4.8911 4222 -.0132
5 500 .998 4 72238 .000 289614 -9.2647 1.1967 -.0577
800 .956 4 2868 .004 32.1529 -13.587 2.1667 -.1191

300 .992 4 156.55 .000 25.0071 -4.7141  .3562 -.0062
50 10 500 977 4 5781 .001 28.9479 -10.099 1.4390 -.0741
800 .931 4 1811 .009 35.0586 -18.829 3.5212 -.2132

300 .991 4 144.08 .000 25.5786 -54102 4219 -.0080
20 o500 978 4 59.04 .001 29.4550 -10.718 1.4788 -.0741
800 .888 4 1057 .023 40.3514 -26.427 5.3927 -.3413
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Table 27. Results of Regression analysis for LDPE film of sweet persimmons at
0, 10, 20C. Passively modified atmosphere package of 300, 500, 800g

with initial free volume of 2825 s/ and surface area was 0.075m’.

Film thick. Temp. Wt.
. Rsq df. F Sigf b0 bl b2 b3
(¢m) () (g)

300 .972 4 4547 002 22.2027 -2.0243 5986 —.0684
5 500 .989 4 121.22 .000 279746 79708 1.1801 -.0579
800 .989 4 12271 .000 30.3445 -11.474 1.8881 -.1104

300 .923 4 1593 .011 244002 -55113 1.0063 -.0796
30 10 500 .966 4 3784 002 324568 -14.771 26331 -.1525
800 .964 4 36.02 .002 34.0393 -16.971 3.1621 -.1936

300 911 4 1373 .014 30.6908 -13.570 2.6622 -.1764
20 o00 .944 4 2257 .006 355567 -19.166 3.6610 -.2205
800 .922 4 1580 .011 379601 -22.775 4.5103 -.2817

300 811 4 571 .063 29.6128 -12.363 2.6166 -.1819
5 500 .993 4 190.53 .000 284203 -9.0150 1.4062 -.0737
800 .966 4 3788 .002 26.5888 -6.7857 4277  .0055

300 .898 4 11.68 .019 34.9690 -19.140 3.8001 -.2402
50 10 o00 .957 4 2950 .003 33.1107 -15.772 29376 -.1754
800 .952 4 2661 .004 31.0444 -13.006 1.9587 —-.0997

300 .889 4 1071 022 37.6653 -22.849 4.6251 -.2940
20 500 .928 4 1706 .010 372835 -21.689 4.3106 -.2667
800 .919 4 15614 012 36.6429 -21.023 3.9542 -.2375

% Independent: time
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Table 28. Results of Regression analysis for PP film of sweet persimmons at 0,
10, 20C. Passively modified atmosphere package of 300, 500, 800g

with initial free volume of 2825 s,/ and surface area was 0.075m’.

Film thick. Temp. Wt.
. Rsq d.f. F Sigf b0 b1 b2 b3
(¢m) () (o)

300 .963 4 3440 .003 19.1611 24424 -38413 .0596
5 o500 .988 4 109.69 .000 25.7512 -55477 4415 -.0040
800 .990 4 12756 .000 31.9154 -13.544 24134 -.1383
300 .790 4 5.02 .076 21.3867 -1.6847 .0736 -.0031

30 10 500 .964 4 3546 .002 29.6598 -11.201 1.7705 -.0944
800 .964 4 35775 .002 341659 -17.015 31785 -.1882

300 .853 4 775 038 29.4684 -11.997 22873 -.1424
20 500 913 4 1392 .014 354957 -19.589 3.7267 —.2256
800 .921 4 1551 011 375127 -22.143 4.3521 —-.2686

300 .851 4 762 039 37.7268 -23.315 4.8506 -.3131
5 500 972 4 4617 .001 26.8700 -7.2967 .8306 -.0307
800 .966 4 3734 002 272299 -7.8485 7121 -.0177

300 .861 4 8.27 .034 39.1671 -25.151 5.2028 -.3329
50 10 500 .942 4 2154 006 33.0455 -15.816 2.7491 -.1567
800 .938 4 20.04 .007 334776 -16.606 2.8740 -.1651

300 .866 4 859 .032 37.2082 -22.391 4.6267 -.2958
20 500 .866 4 859 .032 31.9508 -15.253 29107 -.1771
800 .922 4 1585 .011 33.1514 -16.399 2.9688 -.1761

% Independent: time
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Table 29. Results of Regression analysis for LDPE film of peaches at 5, 10, 20C.
Passively modified atmosphere package of 300, 500, 800g with initial

free volume of 2825 s,/ and surface area was 0.075m’.

Film thick. Temp. Wt.
. Rsq df. F Sigf b0 bl b2 b3
(¢m) (T) (g

300 .950 4 2513 .005 384893 -23.013 4.4864 -.2770
5} 500 .895 4 1140 020 41.2274 -27.457 55662 —.3486
800 .892 4 11.01 .021 41.1487 -27.417 5.5859 -.3518

300 .946 4 2314 005 39.5821 -24.498 4.8252 -.2987
30 10 500 .888 4 1062 .022 41.0823 -27.376 55625 -.3496
800 .885 4 1029 .024 41.5826 -28.085 5.7287 -.3604

300 .934 4 1890 .008 40.0610 -25.334 5.0144 -.3106
20 500 .887 4 1050 .023 41.1163 -27.444 55977 -.3530
800 .888 4 1089 .023 41.7293 -28.242 5.7635 -.3626

300 .899 4 11.81 .019 37.9860 -21.163 4.0433 -.2499
5 500 918 4 1494 012 41.3017 -27.216 5.5050 -.3446
800 .884 4 1021 .024 41.0946 -27.441 5.5906 -.3517

300 .987 4 99.04 .000 39.7643 -23.500 4.4086 -.2617
50 10 500 .903 4 1238 .017 415012 -27.721 56303 -.3532
800 .881 4 9.92 .025 41.3910 -27.882 56996 -.3593

300 .960 4 3196 .003 404350 -25.273 49293 -.3012
20 500 .892 4 11.03 .021 41.6504 -28.075 5.7182 -.3592
800 .882 9.94 025 41.7432 -28.348 58177 -.3674

S

% Independent: time
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Table 30. Results of Regression analysis for PP film of peaches at 5, 10, 20C.
Passively modified atmosphere package of 300, 500, 800g with initial

free volume of 2825 s,/ and surface area was 0.075m’.

Film thick. Temp. Wt.
. Rsq df. F Sigf b0 bl b2 b3
(¢m) () (o)

300 .994 4 21911 .000 36.0076 -17.657 29175 -.1580
5 o500 .893 11.08 .021 40.6896 -26.787 54162 -.3392
800 .884 10.15 .024 41.1784 -27.559 5.6024 -.3517

SN

300 .988 4 11036 .000 38.0264 -21.248 3.8690 -.2258

30 10 500 .885 4 1024 .024 40.8330 -27.091 54985 -.3453
800 .881 4 9.85 .026 41.6937 -28.297 5.7894 -.3649

300 .968 4 4049 002 39.2777 -23.571 4.4898 -.2704

20 500 .883 4 10.07 .025 40.7723 -27.038 5.4787 —.3438

800 .880 4 9.79 .026 41.6300 -28.223 5.7744 -.3641

300 .989 4 12244 000 39.1602 -22.069 4.0119 -.2329
5 500 .901 1217 018 41.0358 -27.123 54930 -.3442
800 .880 9.79 026 41.3257 -27.807 56895 -.3588

1NN

300 .983 4 7925 .001 39.6501 -23.508 4.4393 -.2656
50 10 500 .892 4 11.04 021 41.3819 -27.714 56338 -.3536
800 .877 4 9.49 027 41.4574 -28.020 5.7236 —-.3600

300 .957 4 2984 .003 40.5513 -25.494 5.0045 -.3071
20 500 .885 4 1026 .024 41.4769 -27944 5.7084 -.3594
800 .883 4 1010 .024 41.5292 -28.045 5.7307 -.3612

% Independent: time
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Fig. 44. Flow chart of modified atmosphere packaging modeling program.
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Fig44. Visual Basic program for modified atmosphere packaging modeling.
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Table 31. Basic price of package films

, o7} T 744
= 15 (g/cm) (3/Kg) /) (<1 /m) | o

30 1 1176 166.9

PET 1.40 2800
20 1 196 278.1
30 1 67.5 9.8

OPP 0.9 2500
50 1 1125 1596 EE
01 59.4 84.3

CPP 0.9 2200
20 1 99.0 1405
0 2 428 60.7

LDPE 0.92 1550
20 1 71.3 101.2
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Table 34. Cost Table 8.
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Fig 45. Predicted gas composition versus experimental data for 30um LDPE
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Fig 48. Predicted gas composition versus experimental data for 30um
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Fig 49. Predicted gas composition versus experimental data for 30um PP
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Fig 53. Predicted gas composition versus experimental data for 30um PP
packages of sweet persimmons at 5, 10, 20TC(A: 300g, B: 500g, C:
800g)

- 158 -



25

- —Oo— 10T
o 9 —¥— 20T
& 20
c
k]

[
£ 151
(0]
o
=4
o
o 10 -
c
)
<l
>
x
O 514
0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180
Storage time (hr)
25

s 9

S 20
c

k]

s

£ 151
(o]

o
c
I}
© 10
[ =
[

o
>
x

O 514

0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180
Storage time (hr)
25

s L

& 20

c

k]

s

£ 151

(o]

o

c

I}

© 10

[ =

[

o

>

x

O 514

0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Storage time (hr)

©)

Fig 54. Predicted gas composition versus experimental data for 50um PP
packages of sweet persimmons at 5, 10, 20TC(A: 300g, B: 500g, C:
800g)

- 159 -



o> oo w

10.

11.
12.

13.

q
freAl =gl A3t Ak 30(4), pld3-144,

A, B5AE FEAFAN W whA, 199949 89, FRABHEFA 2
CEIES BE

. ]

FAHEETAH2000), TEFAtE FEATS, , 1458
ghar o] AR A E (1998) 3 9] 5 T
A

o
x r
TR 5 AH2000) FFAFEFE YT, 1475

Y 4
=
e

. Kamolratanakul A.(1990) Development of Fresh Fruit and Vegetable Packaging

for Export, Paper presented at Propak Asia 90 and Seafood Tech Thailand 90
held 27-29 Sept. at Bangkok, Thailand, pl0.

. Lakakul, R., Beaudry, R.M., Hernandez, R. J.(1999) Modeling Respiration of

Apple Slices in Modified Atmosphere Packaging, J. of Food Sci. 64(1),
105-110

. Cameron, A. C., Beaudry, R. M., Bagnks, N. H., and Yelanich, M. V.(1994)

Modified atmosphere packaging of blueberry fruit: modeling respiration and
package oxygen partial pressures as a function of temperature, J. Amer. Soc.

Hort. Sci. 119(3), 534-539

. Katoh K.(1989) Current and Future Desiging of Vegetable and Fruit

Containers, JPI J. 27(9), 42-50

Kolbach W G(1993) Fruit and Vegetable Packaging, Neue Verpack. 46(6), 70,
72, 74

MAPrtin E.(1995) Packaging at the Crossroads, Emballage Dig. 396, 54-57
FEFCO presents Fruit and Vegetable Packaging, Allg. Pap.-Rundsch.(1998)
109(44), 1236, 1238

The Application of Micro—perforated films for Fruit and Vegetable Packaging,
Geeson J.(1998) Paper presented by, Schotland Business Research Inc,
"Fourth International Conference on Controlled Modified Atmosphere Vacuum

Packaging, CAP 88’, held, New York, USA, 127-146

- 160 -



14.

15.

16.

17.

18. %

19.

20.

21.

22.

23.

24.

20.

26.

217.

Singh R P(1990) Micromodel Optimization of Modified Atmosphere
Vegetable/Fruit Packaging, Paper presented at '5th International Conference
on controlled, modified atmosphere, vacuum packaging - CAP 90’ held 17-19
San Jose, CA, USA, 61-73

Scolaro M; Piergiovanni L; Fava P.(1992) Plastic Films with Zeolites added
for Preserving Fruit and Vegetables, Rass. dell'imballaggio 13(3), 4-6

Wang Y, Easteal A ], Dong Chen X.(1998) Ethylene and Oxygen
Permeability through Polyethylene Packaging Films, Packag. Technol. Sci.
11(4), 169-178

kg (2000) s4tE & B x| Ay AW ulo-d RRC/SF=4 %%

A
3] GEAF e A%, 54-61

A%, A FErE], 24(4), 376-384

Az #3389 £u35h(1993) Polyethylene Film F7o] & =719 MAPModified
7 22(1), 78-84

A7, olFE, 74, UEA, 7U95.(199%) Eguol EnfEe] A A nl X
x}%%zﬂg 2(1), 147-154

: %Eﬂﬁ} HE5.(199%) FFeo] HAle] MAP 2% CA A%

=
3
o
%)
ks)
=
[0}
=
e
2
o oX
fol

=

G, AAm, ‘1}%%, Zui’d%, Xq7<H?§‘i.(1997) Polyethylene Film X% o] ¥&=
Sheridan®] A& # e v X= 3, g=-5ibEAG+583], 4(1), 11-15

ol A, o]FA HAE], 7AAw).(1996) AFHAAE Z Polyethylene Film X %o]
Fto]l A mx= g, dd=EF, 40(1), 83-88

o] T.(1997) A=) AEfFAE 9 T4 o] ek A4 A

QAR )

, 9z, #857.(1995) %‘%ﬂ Hla‘rmﬂr 7191& % 713s LDPE 2

20

7, 2AE, o EA.(1998) it %aia a8e olga @rle a9
ZHAx, =2 F333], 3005), 1140-1145

Mg 9.(1999) 7154 MAPEAAS F3%aEe S8ut, Hae AFLA

- 161 -



	고부가가치 과실류의 최적환경기체조절포장(MAP)모델링

	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제 1 절. 연구개발의 필요성

	제 2 장 국내외 기술개발 현황
	제 1 절. 국내․외 관련기술의 현황과 문제점
	제 2 절. 향후 전망

	제 3 장 연구개발수행 내용 및 결과
	제 1 절. 모델설정의 목표와 내용
	제 2 절. 모델의 이론적 근거
	제 3 절. 연구내용
	제 4 절. 연구결과

	제 4 장 목표달성도 및 관련분야에의 기여도
	제 5 장 연구개발결과의 활용계획
	제 6 장 부록.
	제 7 장 참고문헌

