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Analysis of Mass and Heat Transfer Characteristics of Potato and Oat Composite Noodles during

Combined Heat Pump-Hot Air Drying
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(1. College of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471000, China;
2. Food Storage Security Henan Collaborative Innovation Center, Zhengzhou 450001, China)

Abstract: In this study, potato-oat composite noodles were dried by a new combined heat pump-hot air drying technique.
Low-field nuclear magnetic resonance (LF-NMR) and scanning electron microscopy were used to analyze the drying
characteristics and the heat transfer characteristics during the drying process. The results showed that higher heat pump
temperature, water content at the conversion point or hot air temperature could result in higher drying efficiency and
increased diffusion of moisture. The Midilli model was suitable for describing the drying behavior of noodles. Under
different drying conditions, the effective water diffusion coefficient was 3.82 x 10"°=5.12 x 10™"° m%s. The results of
LF-NMR showed that the total water content decreased continuously during the drying process, and the peak of weakly
bound water shifted to the left, indicating that the content of weakly bound water decreased to the greatest extent,
accompanied by a simultaneous decrease in the degree of freedom; weakly bound water was mostly transformed to free
water along with tightly bound water. When the equilibrium moisture was reached, bound water was relatively more
abundant than free water. The moisture content on a dry basis exhibited a significantly positive correlation with peak area
(P < 0.01). Magnetic resonance imaging showed that the density of protons in the middle of noodles was the largest, and
protons migrated outside as the drying progressed. The microstructure became denser, and tightly bound water more tightly
combined with macromolecules, thus resulting in the formation of a more intact gluten network structure.
Keywords: composite noodles; combined heat pump-hot air drying; drying characteristics; low-field nuclear magnetic
resonance; moisture mobility
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Table1l Several common drying mathematical models
il [EEEE A AR

1 Page MR=exp (—kt")

2 Logarithmic MR=aexp (—kt) +b

3 Henderson and Pabis MR=aexp (—kt)

4 Two-term MR=aexp (—kt) +bexp (—k)

5 Midilli MR=aexp (—ki") +bt
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Fig. 1 Drying curves (A) and rate curves (B) at different heat

pump temperatures
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Fig.2  Drying rate curves (A) and drying curves (B) with moisture
contents at different conversion points
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Fig. 3  Drying rate curves (A) and drying curves (B) at different
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Table2 Parameters of different drying models
i K 7 SSE RMSE ¥
Page 09880  0.00111 00122 0.000938 k=0.044, n=0.87322
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Table3  Analysis of variance of regression equation
JiZEERIE CFIrRISS  HEHEAE  JiMS FIE K
EIE] 2.267 67 4 0.56692  9680.679 P=0.01
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Table4 Effective water diffusion coefficients under different
drying conditions
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Fig.4  Transverse relaxation time (7,) spectra of composite noodles at

different drying times
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