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Abstract Heating patterns depending on the packaging materials were examined in order to investigate the causes of
thermal deformation of packages used for ready-to-eat foods for microwave heating due to the non-uniformity of micro-
waves. Physical properties including tensile strength, heat-resistance and elongation of four different CPP grades were
compared. High retortable CPP had higher sealing strength and heat resistance compared to the conventional CPPs. All
CPP samples tested were proved to have melting temperatures around 160°C. However, they were all thermally deformed
by microwave heating due to a limited penetration of microwave and non-uniform heating within the spicy sauce of high
viscosity contained high salt, especially on the above the filling line and sealing edge of pouches. When the laminated
stand-up pouches composed of G-PET/PET/PET/CPP and G-PET/PET/NY/CPP were retorted and microwaved, sig-
nificant deformations were noticed in both samples after retorting. Besides, pouches contained titanium dioxide showed
more intense thermal deformation than the control. When the 10 pm aluminium foil was affixed on the pouch, small ther-
mal deformation was observed only in the bottom layer. More studies are required to prevent the thermal deformation
of packaging materials used for RTE foods during microwave heating by developing the technologies to increase the ther-
mal stability of CPP layer and the modification of packaging design to modify the microwave access into the package.
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Fig. 1. Temperature changes measured using a fiber-optic thermometer during microwave heating at 1,350 W for 2 min depending on
the different CPP grades. (a) core of sauce, (b) liquid level-top, (c) liquid level-down, (d) sealing edge.
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Table 1. Comparison of physical properties for the inner layer (CPP) in 70 um thickness of retort pouches supplied by different film

manufacturers
It CPP A CPP B CPP C CPP D
em
Foreign Foreign Domestic Foreign
Before retorting Before retorting Before retorting Before retorting
Sealing strength MD: 5.6 MD: 7.8, TD: 7.2 MD: 5.3, TD: 5.5 MD: 5.0, TD: 5.9
4.5 kgf/ 15 mm) After retorting After retorting After retorting After retorting
MD: 6.5 MD: 8.0, TD: 7.2 MD: 5.3, TD: 5.1 MD: 5.0, TD: 6.5
Heat resistance TM: /163.8 TM: 120.25/163.9 TM: 122.45/161.1 T™M: 75.0/162.6
(°C) TC: /117.1 TC: 96.04/118.2 TC: 74.91/116.6 TC: 56.17/118.3
Elongation MD: 850 MD: 850 MD: 700 MD: 845
(%) TD: 860 TD: 860 TD: 800 TD: 1,150

TC (cristallization temperature), TM (melting temperature), MD (mechanical direction), TD (transverse direction)
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Table 2. Changes in surface morphology and peel strength of packages after retorting and microwave heating at 700 W for 2 min
G-PET/PET/PET/CPP G-PET/PET/NY/CPP

Surface Morphology

Before retorting

Cross section

Peel strength (kg) 0.572 1.156

Surface Morphology

After retorting

Cross section

Peel strength (kg)

Surface Morphology

After retorting and
microwave heating

Cross section

Peel strength (kg) 0.477 1.211
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Table 3. Effects of the use of titanium dioxide and vapor emission valve for the pouch on the packaging deformation degree after micro-
wave heating at 700 W for 2 min

Sample No. 1 2 3
Composition of pouch G-PET 12 pm/PET 12 pum/PET 12 pm/R-CPP 70 pm
TiO, addition o X X
Emission valve affixed

Picture after MW heating

Degree of package deformation? 5 4
D0 (none), 1 (none to very slight), 2 (slight), 3 (moderate), 4 (extreme), 5 (very extreme).

@) | ()

Temperature (°C)

() | (@

Temperature (°C)

Time (sec) Time (sec)

Fig. 2. Temperature changes measured using a fiber-optic thermometer during microwave heating at 1,350 W for 2 min depending on
the different treatments of white colorant. (a) core of sauce, (b) liquid level-top, (c) liquid level-down, (d) sealing edge.
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Table 4. Thermal deformation of stand-up pouches affixed with aluminium layer after microwave heating at 700 W for 2 min

Packaging method

After microwave heating

Degree of package
deformation”

Affixation of metalized layer
onto a stand-up pouch above
the filling line

Affixation of aluminium foil
onto a stand-up pouch above
the filling line

Reversed package (outside CPP/
NY/PET/G-PET inside)

D0 (none), 1 (none to very slight), 2 (slight), 3 (moderate), 4 (extreme), 5 (very extreme).
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