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Respiration Model for Broccoli Packaged in Polymeric Films

Hiromi SATO®, Yutaka ISHIKAWA®, Takashi HIRATA®

A method was proposed to develop respiration models of fresh produce.

Samples of fresh broccoli weighing 68 — 227g were packaged in different polymeric
films (oxygen permeability : 920 — 7640cc/m® » day - atm at 15°C) and stored at 15°C
for 10 days. Surface area and initial void volume of film package were also varied to
obtain different gas environments during storage. Respiration rates of the samples were
calculated from continuous changes in atmospheric composition within packages.
Respiration models were developed as functions of storage times and concentrations of
Q. and CO. using multiple regression analysis.

Models developed successfully predicted changes in the gas composition within
packages of broccoli.

Keywords : Fresh produce, MA packaging, Oxygen consumption rate, Carbon dioxide
evolution rate, Respiration model, Broccoli
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Table 1. Conditions of modified atmosphere packaging

Per n;eability“ Surface area Initial void Weight of Condition
Film  Thickness* (ml/m? - day » atm) of film volume broceoli No. in
(g m) N, O Co, (m?) (mb) (® Fig.1

PBD 253+ 0.8 1800 6630 37200 0.1864 3155 226.8 2

0.1240 1260 2153
OPP 30.1+0.2 210 920 3020 0.1240 1365 2386 4
LDPE 278%+10 1480 5400 21000 0.1240 1261 2178 5
LDPE 175+ 14 2160 7640 33900 0.1240 2173 2438

0.1240 1273 2336

0.1240 856 247.0 3

0.1240 1008 88.0

0.1240 851 68.0 1

*mean = S.D. **measured at 15°C

PBD : Polybutadiene, OPP : Oriented polypropylene, LDPE : Low density polyethylene.
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Fig. 2 Oxygen —carbon dioxide combinations
used for preparing respiration models.
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Table 2. Multiple regression models for relations between O, consumption rate and several variables

Step Partial regression coefficient AIC R R?
(O:] {CO.)'* [0)* ([CO;)* T+[0.) Const.
1 5.492 _ —_ - _ 28.76 493.15 0.8807 0.7756
2 4514 -—-38.22 — — — 10157 457.70 0.9386 0.8811
3 1933 -3899 2570 — — 7547 452.45 0.9459 0.8948
4 -0309 -7714 4700 0.183 — 11133 44141 0.9569 0.9157
5 —1882 -9503 60.82 0241 -0563 129.02 440.13 0.9593 0.9202

AIC : An information criterion, R

: Multiple correlation coefficient, R? : Coefficient of determination.

T, T3 T4, [0.)2 [CO.), T [CO;], [0.] + [CO.), [0.] / [CO.] were also discussed as independent
variables, but not selected in most suitable 5 variables.
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Fig. 3 Correlogram between experimental and calculated respirations.
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Table 3. Muiltiple regression models for relations between CO. evolution rate and several variables

Step Partial regression coefficient AIC R R?
[0.]? [0.]+[CO;] T+[CO.] T T {CO.* T+[0.] Const.
1 2244 — - - - — — 11.11 43867 0.7808  0.6096
2 3639 -0.451 — — — — - 095 42000 08515 0.7250
3 3249 -0.338 0521 — - — — 154 41629 0.8687 0.7546
4 2970 -0.350 0.802 -—1.406 — - - 7655 41234 08800 0.7743
5 3769 - 0.250 0142 -5207 37.14 — — —3705 40750 08939 0.7980
6 52.30 - 0337 -0373 -—-6.787 60.39 0.063 — -—B8055 39856 09127 0.8330
7 5510 - 0.366 —-0822 -1606 6651 0130 —1464 —8891 39660 09186  0.8439

AIC : An information criterion, R : Multiple correlation coefficient, R* : Coefficient of determination.
{0:), {013 (017 [0:)V2 e~lOF, [CO,), [CO:]'* and ([0;) / [CO;) were also discussed as independent
variables, but not selected in most suitable 7 variables.
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Table 4. Respiration models

Model Equation

1 = O; consumption rate

MRo, = — 1.882 [0;] —95.03 [CO.]*” + 60.82 [0,])/* + 0.241 [CO.)?

—0.563T + [O.) +120.02

2 = CO; evolution rate
3 = CO; evolution rate

“Rco, = 0.415%Ro; + 22.95
MRco, = 55.1 [0 —0.366 [0.] « [CO.] —0.822T « [0O,] — 1.606T + 66.51T'?

+0.13 [CO.]* — 1.464T + [CO.] —8891
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Fig. 5 Predicted and actual changes in oxygen and carbon dioxide concentrations.
(a) : Predicted by Model 1 and 2 in Table 4
(b) : Predicted by Model 1 and 3 in Table 4
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