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Fig 1 Predicted egg white viscosity with Arrhenius
equation as a function of temperature
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Fig 2 Comparison between the experimental and
predicted temperature profile in centre point of the
eggat 55 °C
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Table 1 Parameters used in the simulation

Parameter Value
Specific heat (yolk ) (kJ/kg.K) 2.7
Specific heat (white ) (k/kg.K) 3.7
Specific heat (shell ) (kJ/kg.K) 888
Thermal conductivity (yolk ) (W/mK) 0.34
Thermal conductivity (white) (W/mK) 0'43J§z21§ x10
Thermal conductivity (shell) (W/mK) 2.9
Density (yolk ) (kg/m?) 1027
Density (white) (kg/m®) 1038
Density (shell) (kg/m®) 2300
Viscosity (yolk ) (Pa.s) 1.6 4.8
’ 107xT
Convection heat transfer coefficient 1200
(W/m’K)
Initial temperature (°C) 5
Ambient temperature (°C) 55
Decimal reduction time (Dss) (min) 14.6
Z-value (°C) 3.07
Radius (cm) 4.5
Height (cm) 5.8
Flow behavior index (n) 0.57
Consistency index (Pa.s") 2.23x107
Activation energy (AE) (kJ kg mol™) 30.74x10°
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Fig. 3 Velocity distribution at 100, 200, and 300 s after pasteurization
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Fig 4 Comparison between temperature distribution of egg under two different heat regimes (a- pure conduction and
b- combination of conducion-convection)
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Fig 5 Temperature distribution of egg without air sac at 100, 200, and 3000 s.
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Fig 6 Temperature distribution of egg with air sac at 100, 200, and 3000 s.
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Egg contamination by Salmonella enteritidis is one of the most
important causes of foodborne gastroenteritis throughout the world and
the common method which can be used to inactivate this bacteria is
pasteurization. In this study, the pasteurization of intact egg was
mathematically modelled using a CFD technique. The results were
compared with experimental data and it was found that the model could
reasonably forecast the temperature of egg during pasteurization
(R>>0.98). The model showed that in order to predict the temperature
variation of the slowest heating zone (SHZ) with higher accuracy, it is
necessary to to incorporate the influence of natural convection currents
induced by the hot eggshell walls in the pasteurization process. Results
indicated that the SHZ keeps moving during pasteurization and
eventually stays in a region that is about 25% of the egg height from the
bottom after 300 s of heating. These results also show that the time
required to reduce the Salmonella enteritidis population in cold point of
eggs to 5D is approximately 28 minutes. This model could serve as an
important tool in better understanding of the pasteurization process,
choosing the best process parameters and facilitate process optimization
of intact egg pasteurization towards industrial implementation.
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