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Abstract

To investigate the causes of the thermal deformations of packaging materials when microwave-heating ready-to-eat
sauce products packaged in stand-up pouches, patterns of temperature changes were determined using an infra-red
thermal imaging camera, a thermo-sensitive tape, and a fiver-optic thermometer. The temperature distributions of
spicy chicken sauce and Indian curry samples in a stand-up pouch were found to be uneven during micrewave
heating. A sharp increase in the temperature was detected, especially above the filling layers and in the comers
of sealing layers of the package. The temperature measurements using an infra-red thermal imaging camera are
restricted to the surface, and therefore might underestimate the actual temperature. Using a thermo-sensitive tape,
temperature up to 200°C were measured in the spicy chicken sauce sample showing package deformation. When
the temperature is measured using a fiber-optic thermometer, it is crucial to have precise sensor performance to
accurately measure the temperature in a nammow hot-spot area of the package. In this experiment, the fiber-optic
thermometer was attached to a GaAs crystal sensor, which obtained more sensitive and accurate temperature
measurements than those by a convectional sensor.
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sensor
crystal

Fig. 1. A fiber-optic temperature sensor (Fotemp TS 5) attached with a GaAs crystal sensor tip with a very small temperature sensitive
zone developed by Fraunhofer Institute of Process Engineering and Packaging IVV).
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Fig. 2. Changes in the temperature distribution of the Indian curry sample packaged in a stand-up pouch during microwave heating
at 700 W for 2 min measured using an infra-red thermal-imaging camera.
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Fig. 3. Temperatures distribution in the spicy chicken sauce sample packaged in a stand-up pouch measured at different spots after 2
min of microwave heating at 700 W using an infra-red thermal imaging camera.
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Fig. 4. Temperature changes of a spicy chicken sauce sample
packaged in a stand-up pouch after microwave heating at 700 W
for 15 sec.
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Fig. 5. Temperature measurement using a thermo-sensitive tape (left), and deformation of the package (right) used for a spicy chicken

sauce sample after microwave heating at 700 W for 2 min.
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Fig. 6. Temperature measurement using a thermo-sensitive tape (left), and deformation of the package (right) used for a spicy chicken
stew with black bean sample after microwave heating at 700 W for 2 min.
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Fig. 7. Composition analysis of the sensor of a thermo-sensitive tape using a scanning electron microscopy (SEM).

Left, EDS chromatogram; right, SEM image.
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Table 1. Temperature changes of stand-up pouches depending on
the addition of titanium dioxide by microwave heating at 800 W
for 2 min
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Fig. 8. Changes in the temperature distribution of a spicy chicken sauce sample packaged in a stand-up pouch during microwave heating

at 700 W for 3 min measured using a fiber-optic thermometer.
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Fig. 9. Temperature change of an Indian curry in a stand-up pouch during microwave heating at 1,350 W for 2 min measured using

a fiber-optic thermometer attached with a FISO sensor.

Location of sensor within a pouch; sensor 1 (core of the sauce), 2 (sealing edge), 3 (bottom of liquid level), 4 (top of liquid level).

Table 2. Temperature increase at the starting point of microwave
heating near the hot and cold spots in a stand-up pouch measured
using a thermocouple data logger

Product Hot spot (C/sec) Cold spot (C/sec) Relation
Indian curry 22 0.15 147
Spicy chicken sauce 31 0.11 180
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Fig. 10. Temperature measurement in a stand-up pouch filled with
an Indian curry sample during microwave heating at 800 W for
2 min measured using a FoTemp fiber-optic thermometer attached
with a GaAs crystal sensor.

T1, comer side of the package near the filling level; T2, front side of the packaging
film near the edge of the filling surface; T3, front side of the packaging film near
the edge of the filling surface; T4, near the core of the filling. The sensor was inserted
through a septum at the bottom of the pouch.
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