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Medium-short-wave infrared drying characteristics and
model fitting of Penaeus vannamei
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ABSTRACT: Objective To study the medium-short-wave infrared drying (MSWID) characteristics and model
fitting for Penaeus vannamei. Methods The drying experiment of Penaeus vannamei was carried out at different
temperatures (50, 60, 70°C), and hot air drying (HAD) was considered as a control, 8 kinds of commonly drying
models were adopted to fit the experimental data by nonlinear regression to determine the optimal drying model

which was verified by experimental data. The effective moisture diffusion coefficient (D.g) and drying activation
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energy of Penaeus vannamei at different drying temperatures were further analyzed. Results The drying
temperature had a significant effect on the drying process of Penaeus vannamei, and increased drying temperature
could increase the drying rate and speed up the drying process. Two-term exponential model fitted the drying data of
Penaeus vannamei best by comparing the model evaluation indexes. The error between the predicted value and the
experimental value was only 2.09%, indicating better prediction of the moisture variation during the drying process of
Penaeus vannamei. The second order polynomial regression equation could be used to predicted the moisture ratio
change caused by drying temperature and drying time. With the increase of drying temperature, the D ¢ of MSWID and
HAD increased from 2.3721x107° m%s and 2.3027x10° m?%s to 3.4027x10"° m%/s and 3.1794x10~ m%s, respectively,
and the activation energies were 16.5703 kJ/mol and 14.7839 kJ/mol, respectively. Conclusion MSWID has shorter
drying time and faster drying rate. The Two-term exponential model can describe the drying process of Penaeus
vannamei under MSWID and HAD accurately. This study can provide a theoretical basis for the prediction and

control of Penaeus vannamei drying process under MSWID.

KEY WORDS: Penaeus vannamei; medium-short-wave infrared drying; drying characteristics; drying model;
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Table 1 Eight kinds of common mathematical thin-layer
drying models

R4 Ry i 27 3CHik
Lewis MR =exp(—kt) [21]
Page MR=exp(—kz") [23]
Henderson and pabis MR =a*exp(—kt) [24]
Loganrithmic MR =a*exp(—kt)+c [25]

Two-term exponential MR =a*exp(—kt)+b*exp(—kit) [26]

Wang and Singh MR=1+qa+b?* [27]
Weibull MR =exp(~(t/a)") [28]
Dincer MR =G *exp(-St) [29]
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Fig.2 Effects of different drying methods on moisture ratio (A) and drying rate (B) of Penaeus vannamei
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Table 2 Effects of different drying methods on the effective moisture
diffusion coefficient of Penaeus vannamei

7/°C RHE k R? Deg/(m?/s)
MSWID-50 ~3.8646x10° 0.9917 2.3721x10°%*
MSWID-60 —4.3425%10°° 0.9953 2.6753x107*
MSWID-70 ~5.5438x107° 0.9868 3.4027x107
HAD-50 -3.1576x10°° 0.9966 2.3027x10°%F
HAD-60 -4.0215x107° 0.9985 2.4683x10
HAD-70 -5.1801x107° 0.9987 3.1794x10°"

T R — IR /NG B R 4L 22 5 {3, P<0.05.
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Table 3 Mathematical model fitting results under different drying methods

e E/°C R? 7 RESM LEES
MSWID-50 0.9861 1.4599x107"! 3.4030x107 £=0.1947
MSWID-60 0.9966 7.1069x107> 1.8078x1072 £=0.2426
MSWID-70 0.9818 1.2211x107"  4.0677x1072 k=0.2544
Lewis
HAD-50 0.9933 1.0912x107! 2.3892x107? £=0.2134
HAD-60 0.9947 9.9794x107%  2.2683x1072 k=0.2071
HAD-70 0.9947 1.3750%107! 2.9933x102 £=0.2459
MSWID-50 0.9865 1.5862x102  3.3331x107 k=0.2104; n=0.9580
MSWID-60 0.9965 6.6781x107> 1.7887x1072 k=0.2361; n=1.0166
Page MSWID-70 0.9819 1.1394x10°"  4.0389x107? k=0.2424; n=1.0312
HAD-50 0.9935 1.1384x107! 2.3767x10> k=0.2192; n=0.9848
HAD-60 0.9948 8.6345x102  2.1700x107> §=0.1923; n=1.0417
HAD-70 0.9965 7.6764x1072 1.9105x1072 k=0.1924; n=1.1535
MSWID-50 0.9874 1.5005%10°"! 3.2320%102 k=0.1885; a=0.9687
MSWID-60 0.9966 7.1111x10? 1.8078x1072 k=0.2425; a=0.9998
) MSWID-70 0.9825 1.2437x10°"  4.0401x10° k=0.2511; a=0.9874
Henderson and pabis B ,
HAD-50 0.9938 1.1167x10 2.3352x10 §=0.2101; a=0.9847
HAD-60 0.9947 9.9456x107%  2.2679x1072 +=0.2073; a=1.0014
HAD-70 0.9933 1.2685%107! 2.8200x1072 k=0.2526; a=1.0285
MSWID-50 0.9914 6.1257x107%  2.5875x1072 k=0.1497; a=1.0335; ¢=—0.0920
MSWID-60 0.9980 2.7095x10°* 1.3070x1072 k=0.2153; a=1.0290; c=—0.442
MSWID-70 0.9911 3.3258x10%  2.7751x1072 k=0.1715; a=1.1375; c=—0.1844
Loganrithmic ) 2
HAD-50 0.9958 4.2660x10" 1.8511x10" k=0.1821; a=1.0185; ¢=—0.0524
HAD-60 0.9982 2.4305%x107 1.2373x107 k=0.1694; a=1.0591; c=—0.0819
HAD-70 0.9998 9.3090x10*  4.1651x107 £=0.1939; a=1.1124; ¢=—0.1136
MSWID-50 0.9921 5.2953x107%  2.4891x107> £=0.1616; a=0.9429; b=0.0689; k,=0.0683
MSWID-60 0.9991 1.5072x103  8.9730x10°3 §=-0.4522; a=0.0001; b=0.9907; k,;=0.2343
) MSWID-70 0.9931 1.0288x102  2.4378x107? k=-0.4124; a=0.0017; b=0.9653; k,=0.2241
Two-term exponential 3 2
HAD-50 0.9973 6.0041x10 1.4954x10 £=0.2009; ¢=0.9730; b=—0.0003; k;=—0.3538
HAD-60 0.9993 1.7953x10°  7.6867x10° £=0.1948; a=0.9864; b=—0.0007; k;=—0.3299
HAD-70 0.9998 3.4355x10°  4.0198x10°° k=0.2006; a=1.0880; b=—0.0879; k;=—0.0012
MSWID-50 0.9787 2.0352x10"" 5.2872x107? a=—0.1411; b=0.0052
MSWID-60 0.9845 1.7927x10"  4.3843x107 a=—0.1738; b=0.0078
) MSWID-70 0.9847 7.7444x107%  4.3893x1072 a=—0.1872; b=0.0091
Wang and Singh B ,
HAD-50 0.9811 2.3754x10 4.9811x10 a=—0.1515; b=0.0060
HAD-60 0.9891 1.2838x10°! 3.7502x107> a=—0.1513; b=0.0060
HAD-70 0.9955 7.1147x107%  2.4189x1072 a=0.1772; b=0.0080
MSWID-50 0.9914 1.5839x102  3.2072x107 0=6.7182; =1
MSWID-60 0.9951 1.5997x102  2.5795x107 a=5.5903; =1
Weibull MSWID-70 0.9902 8.5856x10°  2.8467x107 a=5.0841; =1
c1ou
HAD-50 0.9947 1.6888x1072  2.7552x107° a=6.1398; =1
HAD-60 0.9976 6.3141x1073 1.8623x1072 0=6.4318; =1
HAD-70 0.9997 6.5391x10*  4.5360x10°° 0=5.276; p=1
MSWID-50 0.9911 8.1157x10°  2.3509x10°> G=0.9398; $=0.1385
MSWID-60 0.9937 9.0304x107°  2.1244x1072 G=0.9595; §=0.1706
. MSWID-70 0.9906 8.1001x107°  2.5166x10> G=0.9663; $=0.1889
Dincer HAD-50 09935  7.6715x10°  2.0955x10°2 G=0.9491; §=0.1535
HAD-60 0.9970 2.8111x10°° 1.3960x1072 G=0.9663; §=0.1494
HAD-70 0.9997 5.8304x10*  4.2919x107° G=0.996; 5=0.1887
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Table 4 Coefficient values of regression equations

R VRS a b c d e f
MSWID 1.5032 —0.1368 —0.0166 -3.5562x10°° 5.4173x107° 1.3235x10™*
HAD 0.1061 —-0.1305 0.0306 3.7901x10° 4.7766x107° -2.5843x10™*
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