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Empirical Drying Equations and Color Quality of Macadamia Nuts under Heat Pump Drying Using
Nitrogen Gas as Media
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Abstract

The objective of this research was to investigate the empirical drying equations of Macadamia nut and
color quality after drying by nitrogen gas as media. The macadamia nuts were dried by heat pump dryer beneath
closed loop system. The drying temperatures of 40, 50 and 60°C were applied with the superficial air velocity of
approximately 0.5 m/s and 30 % by pass air ratio. The initial moisture content of macadamia nuts was about 20 %
wet basis. Approximatly 1 kilogram sample was used in each experiment. The weight was automatically recorded
during drying until constant weight. Then, sample was dehusked and the kernel was taken for the color
determination. For empirical drying model, the experimental data were fitted into Henderson, Logarithmic, Two
term, Page’s and Semi empirical thin-layer drying model to find the best equation for prediction the drying time
and product moisture content. The coefficient of determination (RZ) and chi-square (}( 2) were criteria to select the
best model. It was found that the best fit for macadamia was Two term model which gave the highest R®and the
Iowest;(2 . For color analysis, it was found that total color difference (AE*) of the kernel was increased with the
drying temperature.
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Nomenclature

MR moisture ratio ( -) R’ coefficient of determination

MR exp experimental moisture ratio ( - ) t drying time, minute

MRpred predicted moisture ratio ( - ) N number of observations

X z chi-square n parameter of empirical equation
a,b,c coefficient of polynomial kg, k4 drying constants (min'w)
Ag.As.c,n empirical constants T temperature (°C)
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Figure 1 A schematic diagram of heat pump dryer.
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Henderson MR = AOexp(—kOt)

Logarithmic MR = Aoexp(—kot) +c

Two term MR = AOexp(—kOt) + A1exp(k1t)
Page MR = exp(—kt")

Semi MR = exp(—kot)
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Table 1 Values of R® and ;(2 of selected equation

Equation R’ 7’
Henderson 0.9926 0.0008
Logarithmic 0.9925 0.0009
Two term 0.9991 0.0001
Page 0.9926 0.0008
Semi 0.9832 0.0024
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Figure 2 Moisture ratio of the experimental data at Figure 3 Comparison of the experimental and predicted
drying temperatures of 40, 50 and 60°C. moisture ratio by two term empirical equation of

drying at 60°C.

Table 2 Colour values of macadamia after drying under nitrogen gas at different drying temperature

Temperature Colour parameters
(°C) L* a* b* AE*
40 67.64 + 0.39° 2.41+0.05° 25.36+0.30° 2.13+0.37°
50 64.05 + 0.38° 3.70 +0.07° 27.64 +0.23° 6.48+0.36"
60 61.07 +0.80° 7.03+0.37° 30.01 +0.36° 11.16+0.90°

* Means with the same letter in each column are not significantly different (P> 0.05) by DMRT
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