2543
ISBN  974-346-457-3

16cm 2545



MATHEMATICAL MODELING FOR INVESTIGATING THE IMPACT OF
TEMPERATURE, HUMIDITY, AND POLYMER FILM PERMEABILITY
ON MODIFIED ATMOSPHERE IN A PACKAGE FOR FRESH PRODUCE

Mr. Yingsak Boonchamnan

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering in Chemical Engineering
Department of Chemical Engineering
Faculty of Engineering
Chulalongkom University
Academic Year 2000
ISBN 974-346-457-3



\ r jJ
Ntk X | kD
( : (
m/
( : )
R VoHe
( |



(MATHEMATICAL MODELING FOR INVESTIGATING THE IMPACT OF TEMPERATURE, HUMIDITY, AND
POLYMER FILM PERMEABILITY ON MODIFIED ATMOSPHERE IN A PACKAGE FOR FRESH PRODUCE)
; , 176 ISBN 974-346-457-3.

(Modified Atmosphere Packaging, MAP)

1
(Michaelis-Menten Uncompetitive Type)
MAP 2000
MAP 2000
4 (
R>0.90) () U
()
(%oRH) (
) ()
(P02
()
(Pd2) ()
()
PO W PoA/dW (A=
L= = )

~ /
ACNDTANAR ... gadne v s
=l d' rd' A
aNtiaTan1aNsEMLTNEN v&—J

2543



##A4170468821  MAJOR CHEMCAL ENGINEERING

KEY WORD : MODIFIED ATMOSPHERE / FRESH PRODUCES / MODELING / TEMPERATURE / HUMIDITY
YINGSAK' BOONCHAMNAN : MATHEMATICAL MODELING FOR INVESTIGATING THE IMPACT OF
TEMPERATURE, HUMIDITY, AND POLYMER FILM PERMEABILITY ON MODIFIED ATMOSPHERE IN A
PACKAGE FOR FRESH PRODUCE. THESIS ADVISOR : VARUN TAEPAISITPHONGSE, Ph.D. 176 pp. ISBN
974-346-457-3.

The mathematical model of modified atmosphere package (MAP) which contains 4 mass balance equations
for oxygen, carbon dioxide, nitrogen and water vapor was developed. Each mass balance equation composed of the
term for rate of permeation of gases through the polymeric film and the term for rate of consumption or production of
gas from respiration or transpiration of fresh produce. The gas permeabililty of polymeric film, that changed with
temperature according to Arrhenius’ law and changed linearly with relative humidity inside the package, was used.
The respiration term of Michaelis-Menten uncompetitive type, which changed with temperature according to
Arrhenius' law, was employed. The transpiration rate, which was the function of temperature and changed linearly
with relative humidity inside the package, was used. The MAP 2000 - a computer program for calculating the partial
pressure of each gas inside the package as a function of time - was written under Microsoft Visual Basic program and
used the 4horder Runge-Kutta-Gill numerical method to solve the above mass balance equations simultaneously.

It was found that the calculated results obtained from MAP 2000 were in good agreement with 4
experimental results available in the journals (R2> 0.90). For the cases studied, it was found that when storage
temperature (T) was increased, the steady state partial pressure of oxygen was decreased but carbon dioxide and
water vapor were increased. Also, the time to reach steady state was decreased with a higer rate at low temperature
range than at higher temperature range. When initial relative humidity (%RH) of storage atmosphere was increased
(for the case that the gas permeability increases with increasing humidity), the steady state partial pressure of oxygen
and carbon dioxide were increased. When permeability of oxygen (P(2) were increased, the steady state partial
pressure of oxygen and carbon dioxide were increased. However, when permeability of carbon dioxide (Pc®?) were
increased, the steady state partial pressure of oxygen and carbon dioxide were decreased. Storage condition
affected the modified atmosphere inside the package more than the packing condition. Initial concentration of carbon
dioxide inside the package had no effect on MAP and time to reach steady state. Additionally, the procedure to
determine the proper values of PRA/dW and Po®A/dW (A=package surface area, d=film thickness and =produce
weight) of MAP for broccoli and cabbage were shown as examples.
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