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Abstract

The aim of this study was to develop a model that could be used in the design of
modified atmosphere packaging(MAP) for peaches. Respiratory data at 5, 10, 20C for
peaches were gathered and altered for create useful respiration model Packaging
materials were conventional low density polyethylene and polypropylene with anti-fog,
and anti-fungi treatments, and thickness was 30mm and 50um each. 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 for MAP
modeling. The maximum rate of oxygen uptake increased with increasing temperature.
Optimum gas composition in the package system for fruits were set according to
literature and upper or lower limits of oxygen and dioxide established. To predict gas
composition at certain storage time, weight of fruits, film thickness, film type, and other
variables, respiration rate was studied at various storage conditions. The results of tests
were used to calculate Cameron’s model and converted to a cubic estimation equation.
The validity of the model was tested experimentally by observing actual atmospheric
changes inside packages. This result of study may be useful for designing dynamic gas
exchange MAP systems for similar agricultural products.
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Fig.7 Effect of 0.03mm Polypropylene film
packaging on the oxygen consumption
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Table 1. 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.

Film Headspace gas comp. Wele) Storage Temperature(C)
thick. Rate of respiration nE 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(mlkg “hr'") 500 2.80 3.26 4.37
30/m 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(mkg “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(mikg “hr™") 500 2.80 3.26 4.35
50 800 1.76 2.04 2.72
Jui}
300 7.68 11.90 18.24
Headspace CO; 500 11.61 20.35 31.65
800 15.36 33.67 45.61
300 10.95 18.84 35.25
CO, uptake(ut-kg “hr'") 500 . 9.94 19.33 36.59
800 8.22 19.99 33.06

Table 2. Measurement of permeability of polyethylene films.

PE(density = 0.922)

Water vapor Oxygen Carbon Dioxide  B=C02/0O;

Temperature(T)
0 8.00 1,860.73 12,343.78 6.63
5 9.50 2,179.13 13,760.43 6.31
10 11.23 2,5637.82 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
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Table 3. Effect of type of material, thickness, weight and storage temperature on the respiration
rate and headspace gas composition of Peaches packaged in polypropylene film.

Film Headspace gas comp. WLe) Storage Temperature(C)
thick. Rate of respiration ¢ 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
O2 uptake(mt-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(mtkg "“hr™") 500 3.50 7.46 10.17
800 2.91 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
Oz uptake(mtkg "hr") 500 1.75 2.05 2.80
50um 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 6§8.81
300 3.83 8.24 16.78
CO; uptake(mtkg “hr') 500 3.88 7.23 15.69
800 3.23 7.67 14.87

Table 4. Measurement of permeability of polypropylene films.

PP(density = 0.90)

Water vapor Oxygen Carbon Dioxide 8 = C02/02
Temperature(C)
0 2.18 1134.80 3919.30 3.45
5 2.70 1351.01 4478.30 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 7299.80 2.85
30 7.05 2963.99 8165.55 2.75

¥ gxmm/m' - day = WVTR, STP ccxmm/m'*day = OTR, CTR
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Table 5. Calculations of package headspace O surrounding peaches with time in 30m of
LDPE package.

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

5T 10T 20C 5T 10T 20C 5T 10C 20°C
0 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00
24 5.30 1.28 1.25 449 1.04 0.60 3.4 1.05 0.59
48 275 0.46 0.74 1.75 0.70 0.28 153 0.80 0.23
72 2.29 0.56 065 164 0.70 0.32 0.96 0.68 0.21
96 1.55 0.51 0.71 1.07 034 0.30 0.68 0.70 0.22
120 1.26 0.36 0.68 0.88 0.46 0.22 057 0.45 0.22
144 1.04 0.36 0.36 0.77 0.29 0.21 0.47 0.47 0.22
168 0.48 0.51 0.43 0.32 0.29 0.27 0.22 0.29 0.22

% Initial free volume of 2825 m/ was used and surface area was 0.075m'.

Table 6. Calculations of package headspace O: surrounding peaches with time in 50sm of
LDPE package.

Weight(g)
Time, hr 300g 500g 800g
5C 10T 20T 5T 10T 20T 5T 10T 20C

0 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00
24 9.82 2.26 0.96 7.30 1.38 0.63 464 0.82 0.47
48 287 055 0.74 1.33 043 0.57 0.98 0.26 0.34
72 0.71 0.65 0.72 062 0.37 0.52 0.60 0.28 0.40
9% 7.02 0.72 0.61 0.50 0.46 0.49 044 0.24 0.44
120 053 067 053 054 0.42 0.44 0.46 0.29 053
144 0.51 069 048 0.49 043 0.41 041 0.28 0.46
168 0.59 0.55 0.50 0.49 0.37 0.38 0.35 0.30 0.42

% Initial free volume of 2825 ml! was used and surface area was 0.075m’.

Table 7. Calculations of package headspace O surrounding peaches with time in 30m of PP

package.
Weight(g)
Time, hr 300g 500¢g 800g

5T 10TC 20T 5C 10C 2T 5T 10TC 20T
0 1174 1.46 0.75 8.16 1.03 0.35 5.66 0.98 0.38
24 3.90 1.02 0.74 257 1.00 0.34 1.78 091 0.35
48 241 0.90 043 157 0.79 0.24 1.01 0.78 0.31
72 137 0.58 0.34 0.89 0.41 0.26 0.59 0.40 0.31
96 0.81 0.43 0.40 0.55 0.47 0.30 0.36 0.28 0.29
120 0.87 0.58 0.30 0.62 0.44 0.27 0.41 0.29 0.26
144 0.76 0.46 0.39 053 0.35 0.27 0.35 0.27 0.26
168 0.48 0.51 043 0.32 0.29 0.27 0.22 0.29 0.22

% Initial free volume of 2825 ml was used and surface area was 0.075m'".
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Table 8. Calculations of package headspace Oz surrounding peaches with time in 50/m of PP

package.
Weight(g)
Time, hr 300g 500g 800g

5C 107 20C 5C 10T 20T 5C 10C 20T

0 21.0 21.0 210 21.0 21.0 210 21.0 21.0 210
24 9.44 1.62 0.69 7.04 1.02 0.43 448 0.72 0.57
48 1.42 0.81 0.63 1.42 0.44 0.39 0.98 0.49 0.43
72 1.08 0.66 0.63 0.81 0.46 0.40 0.75 0.50 0.39
%6 0.67 0.63 0.61 0.71 0.38 0.49 055 0.42 0.34
120 0.66 0.57 0.60 0.55 0.35 0.38 0.62 047 0.35
144 0.55 0.57 0.53 0.45 0.33 0.33 0.69 0.47 0.26
168 0.54 0.53 0.55 0.35 0.38 0.59 0.48 0.44 0.24

% Initial free volume of 2825 m/ was used and surface area was 0.075m'’.

Table 9. Results of Regression analysis for LDPE film of mandarin oranges at 5, 10, 20<TC.
Passively modified atmosphere package of 300, 500, 800g with initial free volume of

2825 ml and surface area was 0.075m’.

Film thick.(¢m) Temp. () Wt (g) Rsq df. ¥  Sigf b0 bl b2 b3
300 991 4 14525 000 242757 -40450 6261 -.0373

5 500 984 4 8026 000 256764 -58834 9982 -.0601

800 991 4 15205 000 27.8086 -84868 14874 -.0888

300 981 4 7017 001 262850 -6.7364 12326 -.0774

30 10 500 955 4 92843 004 27.7929 -89602 17347 -.1098
800 956 4 2920 004 302057 -12077 21362 -.1258

300 981 4 6910 .001 282257 -92239 16221 -.0986

20 500 974 4 4950 001 296600 -11.193 20541 -.1262

800 960 4 3176 003 341900 -17.202 3.3002 -.2040

300 956 4 2900 004 236764 -30526 2547 -.0143

5 500 990 4 13448 000 275457 -8.1375 L1770 -.0669

800 952 4 2638 004 339671 -17.224 32226 -.1968

" 300 091 4 13965 000 259357 60222 7019 -.0333

50 10 500 976 4 5494 001 299029 -11.448 17973 -.1025
800 o1l 4 1364 014 368357 -21451 41736 -.2580

. 300 975 4 5241 001 275664 -84401 12311 -.0662

20 500 062 4 3406 003 31.8600 -14.239 24219 -.1420

800 8914 1093 021 40758 -26902 54791 -.3452
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Table 10. Results of Regression analysis for PP film of mandarin oranges at 5, 10, 20T.
Passively modified atmosphere package of 300, 500, 800g with initial free volume
of 2825 m! and surface area was 0.075m'’.

Film thick.(gm) Temp.(C) Wt.(g) Rsq df. F Sigf b0 bl b2 b3
300 991 4 15084 .000 247286 -45537 6715 -.0361

5 500 977 4 5569 .001 29.338 -10.697 19419 -.1170

800 957 4 2934 .003 323357 -14.893 28601 -.1778

300 995 4 26547 .000 245614 -4.2449 5700 -.0327

30 10 500 979 4 6255 .001 299793 -11.471 2.0570 -.1259
800 943 4 2209 .006 33.2357 -16.231 3.1158 -.1926

300 990 4 13457 .000 27.1171 -74043 12099 -.0708

20 500 984 4 8019 .000 31.2457 -12.837 22556 -.1340

800 957 4 2993 .003 34.4743 -17.604 3.3388 -.2035

300 997 4 46774 000 252714 -48911 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 15655 .000 25.0071 -4.7141 3562 -.0062

50 10 500 977 4 5781 .001 289479 -10.099 14390 -.0741
800 931 4 1811 .009 35.0686 -18.829 35212 -.2132

300 991 4 14408 .000 255786 -5.4102 4219 -.0080

20 500 978 4 59.04 .001 294550 -10.718 1.4788 -.0741

800 888 4 1057 .023 40.3514 -26.427 53927 -.3413

Table 11. Results of Regression banalysis for LDPE film of peaches at 5, 10, 20T.
Passively modified atmosphere package of 300, 500, 800g with initial free volume
of 2825 m! and surface area was 0.075m'.

Film thick.(tm) Temp. () Wt. (g) Rsq df. F  Sigf b0 bl b2 b3
300 950 4 2513 .005 384893 -23.013 4.4864 -.2770

5 500 895 4 1140 .020 412274 -27457 55662 -.3486

800 892 4 1101 021 41.1487 -27417 55859 -.3518

300 946 4 2314 005 395821 -24498 48252 -.2987

30 10 500 888 4 1062 .022 41.0823 -27.376 55625 -.3496
800 885 4 1029 024 415826 -28.085 57287 -.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 1059 .023 41.7293 -28242 57635 -.3626

300 899 4 1181 .019 379860 -21.163 4.0433 -.2499

5 500 018 4 1494 012 413017 -27.216 55050 -.3446

800 884 4 1021 .024 410946 -27.441 55906 -.3517

300 987 4 99.04 .000 39.7643 -23500 4.4086 -.2617

50 10 500 903 4 1238 017 415012 -27.721 56303 -.3532
800 831 4 992 025 41.3910 -27.882 56996 -.3593

300 960 4 3196 .003 404350 -25.273 49293 -.3012

20 500 892 4 1103 .021 416504 -28.075 57182 -.3592

800 882 4 094 025 41.7432 -28.348 58177 -.3674
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Table 12. Results of Regression analysis for PP film of peaches at 5, 10, 20TC. Passively

modified atmosphere package of 300, 500, 800g with initial free volume of 2825 ml
and surface area was 0.075m’.

Film thick. {({zm) Temp. (T) Wt (g) Rsq d.f. F Sigf b0 bt b2 b3
300 994 4 21911 .000 36.0076 -17.657 29175 -.1580

5 500 803 4 11.08 .021 4068% -26.787 54162 -.3392

800 884 4 1015 .024 41.1784 -27559 56024 -.3517

300 9088 4 11036 .000 380264 -21.248 38690 -.2258

30 10 500 885 4 1024 .024 408330 -27.091 54985 -.3453
800 331 4 985 .026 41.6937 -28297 57854 -.3649

300 968 4 4049 002 392777 -23571 44898 -.2704

20 500 883 4 1007 .025 407723 -27.038 54787 -.3438

800 830 4 979 .026 416300 -28.223 57744 -.3641

300 989 4 12244 000 39.1602 -22.069 4.0119 -.2329

5 500 901 4 1217 018 410358 -27.123 54930 -.3442

800 830 4 9.79 .026 41.3257 -27.807 568% -.3588

300 983 4 7925 .001 39.6501 -23.508 44393 -.2656

50 10 500 892 4 1104 021 41.3819 -27714 56338 -.3536
800 877 4 949 .027 414574 -28.020 57236 -.3600

300 957 4 2984 .003 405513 -25494 50045 -.3071

20 500 885 4 1026 .024 414769 -27944 57084 -.3594

800 883 4 1010 .024 415202 -28045 57307 -.3612

¥ Independent: time



