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Effectiveness of Real-time Oxygen Control in Fresh Produce
Container Equipped with Gas-diffusion Tube
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Abstract Simplified control logic was devised to fabricate and operate the modified atmosphere (MA) container of
fresh produce equipped with gas-diffusion tube whose opening/closing was controlled in response to real time O, con-
centration. This is a simplified ramification of the previously developed control logic using both O, and CO, con-
centrations ([O,] & [CO,]). The developed logic was applied to and tested by a container system filled with spinach at
10°C having optimum MA window of [O,] of 7~10% and [CO,] of 5~10%. It was shown that setting the proper on-off
limit (11%) for O, control based on the assumed relationship [O,]+[CO,]=21% could attain the desired CO, concentration
just below the upper tolerance limit ([CO, ]y, 10%). The O, control point can be the lower tolerance limit or adjusted one
(21-[CO,];y) depending on the commodity’s MA requirement. The developed logic using single O, sensor could attain
the equilibrated [O,] of 11% with [CO,] of 8~9% which was desired and similar to that of its predecessor ([O,] of 9~10%
with [CO,] of 10%) using both O, and CO, sensors. Both MA containers (one only with single O, sensor control and
one with O, and CO, sensors) could also keep the spinach quality without significant difference between them, but sig-
nificantly better than perforated control package of air.
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Fig. 1. Schematic diagram of sensor-controlled container system equipped with a gas-diffusion tube to attain the modified atmosphere

(MA) beneficial for fresh spinach.
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Table 1. Control Logics for the diffusion tube opening/closing
in a sensor-controlled MA container responding to real-time O,
and/or CO, concentrations

Control .. . .
Logic Condition for closing and opening of the tube
A Open if [0,] <[0,]; or
[CO,] = [CO,];; Close otherwise
B Open if [O,] <[O;]q4
where [O,],4;=21-[CO,]y Close otherwise

[O,];: lower tolerance limit of oxygen concentration;
[CO, ] upper tolerance limit of carbon dioxide concentration;
[O,]44j1.: adjusted lower tolerance limit of oxygen concentration.
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Fig. 2. Gas composition in sensor-controlled MA container sub-
jected to (A) Control Logic A and (B) Control Logic B at 10°C.
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Table 2. Comparison of spinach quality attributes between different control logics in gas diffusion tube opening of sensor-controlled

containers at 10°C after 14 days

Quality attributes* Control Control Logic A Control Logic B
Weight loss (%) 6.92+0.85° 5.050.74% 4.98+0.63%
Ascorbic acid (mg/100g) 9.3+0.5° 14.7+0.2% 13.9+0.6*
Chlorophyll (mg/100g) 20.3+0.5° 25.8+0.3% 25.1+0.4*
Aerobic bacteria (log(CFU/g)) 12.75+0.09° 11.24+0.39* 11.394+0.14%
Sensory score (1-7 scale) 1.8+0.5° 5.4+1.2° 4.9+0.7%

Values are meanststandard deviations. Different alphabetical superscript within a row means significant difference at 0=0.05 among

treatments.

*Initial ascorbic acid, chlorophyll and aerobic bacteria were 65.14 mg/100g, 33.91 mg/100g and 5.63 log(CFU/g), respectively.
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