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Applications of Magnetic Resonance Techniques to Food Processing
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Abstract

The theory and applications of nuclear magnetic resonance (MR) techniques to food processes are
briefly reviewed. MR technique is based on the interaction between atomic nuclei and external magnetic
field. Tt can measure the motional freedom of species of atoms in various types of molecules. The non-
invasive and non-destructive characteristics of the MR technique are suitable for applications in real
time to evaluate many internal quality factors of foods and to characterize dynamic phenomena such as
flow, processing, migration during many unit operations. This review has been attempted to demonstrate
that MR technique has strong potential to provide an understanding of complex food systems and to
meet the need of rapid characterization of materials during various processes and storage.
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- Fig. 1. The formation of net magnetization, M: (a)

Alignment of the individual magnetic moments along the
external magnetic field B,, (b) microscopic net magnetiza-
tion, and (c) vector sum of net magnetization with
rotating frame.
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Fig. 2. Excitation of spin and magnetization after
applying 90° RF pulse with Larmor frequency: (a)
longitudinal magnetization at thermal equilibrium and
(b) formation of transverse magnetization.
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Fig. 3. Typical T, relaxation curve. The arrows are the
size of z component of the net magnetization.
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Fig. 4. Typical T, relaxation curve. The arrows are the
size of z component of the net magnetization.
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Fig. 6. Detection of internal defects in apple. (a) bruise
and (b) internal browning. Adapted from Chen et al
(1989), reprinted with permission.
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Fig. 7. Detection of various defects in oranges such as hollow center, dried regions and seeds.
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Table 1. T, relaxation time of Navel oranges (var. Washington)

Chilled (5°C) Frozen (-7°C) and Thawed
Orange# T, (ms) Orange# T, (ms)
Peel Flesh Peel Flesh
1A 360 1070 1B 379 920
2A 396 1000 2B 401 910
3A 340 1080 3B 379 900
4A 350 1070 4B 357 860
5A 402 1120 5B 366 890
6A 331 1010 6B 367 790
TA 343 990 7B 381 986
8A 371 1000 8B 396 940
9A 364 1010 9B 365 880
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Fig. 9. Representative 2D cross-sectional MR images of
Formulation 2 at (a) 11 d and (b) 46 d, and MR images
of Formulation 3 at (¢) 11 d and (d) 46 d.
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Fig. 10. 1D signal intensity profiles of the chocolate
region at 1d (@),2d (0),3d(V¥),5d(V), 1d (M),
22d([1), 46 d (@), and 106 d () for Formulation (b).
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Fig. 11. MR images of velocity profile of (a) corn syrup
solution and (b) tomato concentrate.
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