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Evaluation of broccoli respiration rate in
modified atmosphere packaging

Yutaka ISHIKAWA®, Hiromi SATO", Takasuke ISHITANI*®, Takashi HIRATA"

A mathematical method was examined for continuous determination of the respiration
of broccoli stored under modified atmospheric conditions. Broccoli (ca. 250g) was
packaged in different plastic films (oxygen permeability : 1,560 to 7,640 ml/m?- day -
atm at 15°C) and stored for 5 days at 15°C. Gas concentrations in the packaging were
periodically analyzed by gas chromatography. Mathematical equations were developed for
calculating the void volume of the package at any given time as a function of nitrogen
concentration of the in-package atmosphere. The calculated volumes gave a close
approximation to the actual volumes. The procedure to calculate the periodical changes
in the volume and the oxygen or carbon dioxide concentration was combined with a
gas permeation model through films to obtain the respiration rates of broccoli packaged
with gas permeable films. The total procedure presented here permits evaluation of the
respiration of broccoli without unsealing the packages. The respiration rates and modified
atmospheres analyzed by this approach were discussed for optimizing packaging
conditions for the produce.

Keywords : MA, Polymer films, Respiration, Broccoli, Brassica oleracea, Modified atmos-
phere, Mathematical models, Vegetables, Fresh produces
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Table 1 Packaging conditions of broccoli

Thickness Film Permeability (cc/m’ + day ¢ atm) Pouch Broccoli
Condition Film () Nitrogen Oxygen Carbon dioxide Surface area Void volume Weight
(m®) (cm®) (kg)
1 Polyethylene 36 1010 2780 11000 0.1194 2208 0.242
2 Polypropylene 24 390 1560 3390 0.1219 1910 0.215
3 Polyethylene 20 2150 7640 33800 0.0836 1463 0.287
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Fig. 1 Changes in nitrogen, oxygen and carbon dioxide concentrations within packages of

brececoli at 15°C

(a):Condition 1 in Table 1, (b):condition 2 in Table 1, (¢} Condition 3 in Table 1

Nitrogen
Oxygen

: O Experimental value, — The best fit line
: < Experimental value, — The best fit line

Carbon dioxide: ¢ Experimental value,— The best fit line
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Table 2 Parameters of equations expressing gas concentrations in package systems for broccoli

Parameters of equation (19)

Condition Gas Py RMSE* R
a b c d e
1 N, Py -11.20 - 100 0.96 -89.28 —0867 88.20 0.01 0.979
(o} P 244 -—-229 - - — 0.23 0.38 0.995
CO; P — 45,01 - 107 65.15 -049 2.74 -10.34 2,60 0.989
2 N, Pa -9.81 -2.18 34.55 -0.13 — 63.19 0.01 0.978
0. Py 2165 -2.83 - — - 0.18 0.29 0.999
co; Py — 1455 =117 —-2.05 —-56.95 205 16.62 0.12 0.986
3 N Py - 1585 - 145 - - — 93.66 0.00 0.998
O, Py 2042 -3.38 - — - 1.08 0.29 0.997
CO, Py -2369 -—-2854 19.65 -132 — 395 0.29 0.992

n D|"D|‘

Y
*Root Mean Square Error = Ex(—D._)
n

Where n : Number of experimental points, D;: Experimental value, D, : Calculated value.
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Fig. 2 ‘Experimental and calculated changes in void
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Fig. 3 Changes in oxygen and carbon dioxide volumes within packages of broccoli at 15°C

(a):Condition 1 in Table 1, (b):Condition 2 in Tablel, (c):Condition 3 in Table 1
Oxygen volume: ¢ Experimental value, —The best fit line
Carbon dioxide volume: ¢ Experimental value, — The best fit line

Table 3 Parameters of equations expressing gas volumes in package systems for broccoli

Parameters of equation (20)

Condition Gas Vi RMSE® R
a b ¢ d e f
1 (0 Ve 47570 -190 - - 341 - 1787 0.35 0.998
CO; Vi -32122 -215 26104 -0.28 — 62.64 0.89 0.962
2 0, Va 396850 —-3857 - —~ -110 4.59 0.09 1.000
co, Va —24885 -152 -185 -29333 64.17 25177 0.37 0.997
3 0, Vs 29711  -437 - - 1.68 10.11 0.07 1.000
CO, Va —45044 -147 55088 - 0.69 26,85 -99.73 0.19 0.975
n D.-D/ 2
*Root Mean Square Error = lz_l( —f )
n

Where n: Number of experimental points, D,:Experimental value, D : Calculated value.
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Fig. 4 Respiration rates and respiration quotients of broccoli packaged with different films
(a):Condition 1 in Table 1, (b):Condition 2 in Table 1, (c):Condition 3 in Table 1
— Oxygen consumption rate, ---~Carbondioxide production rate,—-—Respiration quotient
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Fig. 5 Respiration rates of broccoli measured by
different methods

Oxygen consumption rate:
— Determined without unsealing packages
¢ Determined after unsealing packages
Carbon dioxide production rate:
- --Determined without unsealing packages
4 Determined after unsealing packages
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BB 1~2%. ZB(LRERE ¥4~
5%, THbH, ChoOBEVBURMGTS
2N, REOHFEDPEREEHOH
Wi A0 ENRS B, Ll FHEDHET
R 7 FEREEE OFEEH 5. RQIZH0.9~1
(Fig. 4) THOBYIRERERERBLATY
BEEXONS, —K. &1, 2TIRRQI
1282, HIRE2TRFLIEL . 8%
HeLTHEUTREWEEL OGNS, BlED
& 3 I EERAN OFH RO VR T & KREAE
OF FITAE. SEEG OBEE OFIM PR
EFNOBEIC S - T BHOTHHIEH
RERBTBALEILNTE S,

6.5 H

MA G THERBEITI DR, KR
HZEEPHKITREEE T 3 - DEYEE
EHHZTHLRTNIEESEN, ZORDI
BEERNIC BT 5 E R OWERE I I 5
i 2NEND 5, FHE TR IFREFE
Hid, BERRNON RBE L IRESHOR
EDH TAERNOMERE, WRTBHIEN
CHlETR, BRERBVWEEIOND, &K
WETR. 7oy ay—eHVEN hoF
Byncb@EAT AT Licky, BHSEES
RAwaZ Ll HRFHHIEIHETH 3,
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