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Moisture Transfer Characteristic of Carrot Slices by Infrared
Radiation Drying
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(1. School of Agricultural and Food Engineering, Shandong University of Technology, Zibo 255049, China
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Abstract; The drying process is one of the most important processes in food engineering. Infrared
radiation drying is a process of non-steady-state heat and mass transfer, with the change of material
moisture migration and quality characteristics. Heat and moisture transfers in fruits and vegetables during
drying are complex processes, and knowledge of the moisture profile is fundamentally important for
industrial processes. A better understanding of the mechanism of moisture transfer would help to improve
product quality and the efficiency of drying process for fruits and vegetables. Low field nuclear magnetic
resonance ( LF-NMR) has the technique advantages of nondestructive and non-invasive, which can be
used to study the variation, distribution and flow of different phases state moisture in fruits and
vegetables. The study of regularity of moisture migration was the foundation for optimizing drying
parameters. With the radiation temperature of 60°C and the thickness of the carrot slices of 5 mm, the
tests of infrared drying were made. The spectra of transverse relaxation time T, were analyzed by using the
method of low field magnetic resonance spectroscopy (LF-MRS) to explore the moisture transfer
characteristics of carrot slices dried by infrared radiation (IR). The results showed that in comparison
with hot air drying, the values of transverse relaxation time T, of free water and semi-bound water from
the process of infrared radiation drying were much greater, and the decay rate of the peak area A, from
the process of infrared radiation drying was also faster, which meant that the drying rate and moisture
gradient were much higher. The fitting equations of the peak area A, versus drying time was obtained with
attenuation trend for carrot slices dried by infrared radiation and hot air. The results could lay a solid
foundation for the further study on refinement drying and the drying technique optimizing for carrot slices.
Key words: Carrot slices Moisture transfer Transverse relaxation time Infrared radiation Hot air
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Tab.1 T, relaxation information of carrot slices dried by infrared radiation ( standardized treatment)

BE TRE T,,/ms Ai/% Ay, T,,/ms Aﬁ/% A, T,5,/ms Azi/% Ay, Tys,/ms Azi/% Ay A,

%5 [A]/min 4, 4y 0 4

IR -0 0 4. 642 1.036 16.921 37.649 2.637 43.056 — — — 464.159 95.728 1562.860 1632.612
IR -1 15 1.520 0.538 6.763 12.328 2.757 34.637 265.609 78.452 985.744 932.603 18.253 229.352 1 256.496
IR -2 30 1.748 0.851 8.348 12.328 3.715 36.439 200.923 64.709 634.729 1072.267 30.725 301.381 980.896
IR -3 45 1. 000 0.937 7.066 12.328 5.569 41.995 174.753 56.938 429.365 932.603 36.556 275.669 754.095
IR -4 60 0.572 1. 096 6.078 9.326 8.879 49.220 132.194 51.637 286.260 932.603 38.388 212.814 554.372
IR -5 75 0. 870 3.298 12.702 — — — 114.976 72.053 277.544 705.480 24.649 94.948 385.194
IR -6 90 0.756 3.789 10.571 10.723 16.346 45.612 86.975 79.865 222.850 — — — 279. 033
IR -7 105 0. 327 6.714  13.637 — — — 37.649 92.157 187.191 533.670 1.129 2.293 203. 121
IR -8 120 1.000 14.262 19.217 — — — 12.328 83.836 112.963 305.386 1.901 2.562 134. 743
IR -9 135 2.009 53.219 48.561 8.111 44.016 40.164 — — — 100. 000 1.674 1.527 91.248
IR -10 150 0.327 30.948 22.812 2.310 64.949 47.874 — — — 132.194 3.185 2.348 73.710
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Fig.2 T,;, changes of carrot slices dried by

infrared radiation
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T, spectra of carrot slices dried by infrared radiation
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Tab.2 T, relaxation information of carrot slices dried by hot air (standardized treatment)

B TR T,,/ms AZI/% Ay, T,,/ms Aﬁ/% A,y T,3/ms Aﬁ/% Ay A,
%5 i 1] / min 0 A, Ay
HA -0 0 5.337 1.366 22.383 57.224 3. 086 50.570 464. 159 95.548 1565.769 1638.723
HA -4 60 4. 642 1.394 15. 881 28. 480 3.589 40.902 265. 609 95.017 1082.730 1139.513
HA -8 120 2.656 1.491 11.352 21.544 7.547 57.454 200. 923 90. 962 692.459  761.264
HA - 12 180 1. 150 1. 126 5.923 12.388 9.496 49.938 200. 923 89.378 470.047  525.909
HA - 16 240 0.756 1. 446 4.738 8.417 17.561 57.559 132. 194 80. 993 265.465  327.762
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Fig.4 T, spectra of carrot slices dried by hot air
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