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Automatic Control of Food Freeze Dryer
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Abstract

For automatic control of a freeze dryer of laboratory scale, a hardware was devised for data acquisition and
control through RS-232C communication on-line, and a software for windows on personal computer was pro-
grammed such that even beginner without much experience of freeze drying can easily operate the freeze dry-
er. An artificial intelligence control method was developed to make samples dried at optimum condition of
sublimation as the temperature of the samples was controlled during freeze drying according to an expert
knowledge. Dried carrot showed high hydration capacity and good porous structure, whereas dried ham show-
ed low hydration capacity and poor porous structure probably because of its fat-rich composition.
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Fig. 1. Schematic diagram of automatic controlling sys-
tem for freeze dryer.
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Fig. 2. Flow chart of computer program for automatic
control of freeze dryer.
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Fig. 3. Process of artificial intelligence control of free-
ze dryer.

Table 1. Cases of artificial intelligence control and their
corresponding temperature of A-B and B-C boundaries”

Boundary temperature (°C)

Case

Ta (A-B) Tb (B-C)
Case | -5 5
Case 11 0 10
Case III -10 0

YA, B, C, Ta, Tb are shown in Fig. 6
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Fig. 4. Process of stepwise control of freeze dryer.
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Fig. 5. Example of GUI screen on PC during automa-
tic control of freeze dryer.
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Fig. 6. Process of artificial intelligence control on sam-
ple temperature after time c in Fig. 3. A, B, C sections
are defined according to Table 1.
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Fig. 7. Plot of sample temperature vs. drying time in
freeze-drying carrot. Case I, II, III of artificial in-
telligence control are defined in Table 1.
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Table 2. Physical properties” of freeze-dried carrot and ham
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Case Moisture content (%) Hydration Hardness
Case | 12.87+0.058" 0.21840.0006" 2.60+0.079° 596.33425.067°
Carrot Case I 12.404-0.100" 0.208-£0.0010" 2.26+0.123" 707.73+£46.730%
Case III 10.4740.058° 0.16840.0006° 2.04+0.158" 770.90+ 86.658"
Case | 12.174+0.175° 0.389+0.0061* 0.10+0.010° 3085.76 + 146.943"
Ham Case II 11.47+0.208" 0.342+0.0045" 0.08+0.013 3353.24+117.342°
Case III 8.17+0.153° 0.213+0.0117 0.1340.010° 4229.46+ 97.465"

YMean+S.D.: Means with the same letter are not significantly different (p<0.05) and replications of moisture content, Aw, hy-

dration capacity and hardness are 3, 3, 7 and 7, respectively.
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Fig. 8. Microstructure of carrot freeze-dried by case I(a), II(b), III(c) of artifical intelligence control defined in Table

1. Magnification is about 200 by stereoscope.
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