MICHIGAN STATE ﬂ [ 2 [HLE

UNIVERSITY d e S

Thermal and kinetic parameter estimation and
sensitivity analysis for the degradation of
anthocyanins in grape pomace

Dharmendra K. Mishra
Kirk D. Dolan
Biosystems & Agricultural Engineering
Michigan State University

Sep. 23, 2008



Application of multiple parameter estimation for the
degradation of anthocyanins in low-moisture and high-
temperature processed food




Kinetic models often involve two parameters, such as Kr-Ea in
arrhenius model, Dr-z in microbial model

Commercial processes are usually dynamic, 1.e. have time-varying
temperatures or other variables

commercial processes have more than 2 parameters, because there
are multiple variables, such as time, temperature, moisture content,
shear rate, pH, pressure, etc.



Objectives

3% Simultaneous estimation of kinetic degradation
parameters of anthocyanins in grape pomace

3% To construct joint confidence region for
simultaneously estimated parameters

s% Confidence and prediction band for the
measured anthocyanins



Mass Average Anthocyanin
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Overview of the process
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Estimation of thermal parameter

Two-dimensional axi-symmetric heat conduction
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Boundary Conditions
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Sensitivity Coefficient

« Sensitivity coefficient of a parameter is the first derivative

of the function involving the parameter, with respect to
the parameter

y= f(a,c,X)
oy . .
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Scaled Sensitivity

* A scaled sensitivity for parameter can be
represented as
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Xp- =Pi—

! Op;
Finite difference method

X, =p y(pi+0b)-y(pi)
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« Useful when comparing several parameters
In a model



Temperature Profile of the can
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Center temperature of can °C
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Example of predicted temperature profile from Comsol vs. the observed
temperature (triplicate runs) in can used for thermal parameter runs



Scaled Sensitivity of thermal diffusivity parameters
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Estimates of thermal diffusivity parameters

95% asymptotic

Parameter Standard Correlation ) )
Parameter Estimates Error coefficient confidence interval RMSE
oq at 80 °C - -
2.32x107 | 0.0054 x107 2.31x107, 2.33 x10
0.260 2.21
. . 7 7
iy at 120 °C 2 51x107 0.014 x107 2.49 x107, 2.54 x10




Estimation of Kinetic Parameters

For Low- and intermediate-moisture foods

 First-order model with Arrhenius rate constant

 First-order

 Rate constant




Estimation of Kinetic Parameters

O  Trapezoidal method for Integral over time

O  3-point Gauss method for integral over space
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Estimation of Kinetic Parameters
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Confidence Intervals
Asymptotic confidence/predicted intervals

for parameters: nlparci(beta, residuals, Jacobian)

for predicted Y value:
nipredci(model, x, beta, residuals, Jacobian)

Asymptotic prediction interval

nlpredci(model, x, beta, residuals, Jacobian, simultaneousoption, predictionoption)



Kinetic parameters for anthocyanin retention in grape
pomace at 42% (wb) moisture content

MNo. . 95% asymptotic
Farameter | of F’ar_ameter Standard CD"E.?I&."GH confidence interval | RMSE
Estimates Error coefficient
Data
k1 0.0679 min~1 0.0043 0.0592, 0.076
"ﬂkrEa =0.59
= 42 | 6526 P&, B, =045 | oo oo 1017 0.12
kJfg mol 18.02 _ T '
pk,- = 0.66
Co 1.481 0.0413 1.396, 1.564

The estimated reference temperature was 113 °C (confidence interval 96.5,129.6)

Converged value of correlation of rate constant and activation energy was

PkEa = 1.24e-005



Residual Plot
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= observed
—predicted
—=05% asymptotic confidence band
Q5% asymptotic prediction band
==195% bootstrap confidence band
==+95% bootstrap prediction band

Mass Average Retention of Anthocyanins
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Joint confidence region

1. Bates, 1988

0-0)"VIV,(6-0) < ps’F(p,N - p;a)

Elliptical approximation
2. Motulsky Method

P
SS,11_ fixed = O pest—fit ( F nop 1}

[terative method
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95% joint confidence region using equation and Motulsky method for mass
average retention of anthocyanins in grape pomace 42% moisture content (wb)
with parameters having correlation coefficient of —0.5.



Scaled Sensitivity
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Conclusions

The multi parameter approach incorporates the challenges faced in the
processing industry, such as the simultaneous effect of temperature and
moisture content, and potentially could describe the effect of other factors
such as pH, pressure and viscosity

Sensitivity coefficient analysis is helpful in determining whether all the
parameters are estimable in the model

Confidence intervals and the joint confidence regions provide useful
information about the nature of the parameters and their correlation
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