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Abstract

Clearly, it is important to provide an overview al of the emerging drying technologies that are relevant
to drying of the diverse and ever increasing numbers of bioproducts. There are a lot of different meth-
ods to dry bioproducts, but the most important thing of the bioproducts drying is the selection of dryer
and drying method which is not affected to the origind components of the bioproducts after drying.
Moreover, conventional thermal processes in drying frequently lead to undesirable flavor and loss of
desirable fresh flavor, aroma, vitamins, and essential nutrients. These negative effects on food quality can
be the motivation to search a new technology and we try to emerge this new technology to conventional
drying technology. Therefore, I'd like to review the emerging drying technologies and it may help to
choose the dryer and drying technology for the bioproducts.
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Table 1. Possble quality changes during biomaterial drying

Materia Change type Effect
Yeast Biochemica Atrophy of cels
Bacteria Biochemical Atrophy of cells
Molds Biochemical Atrophy of cells
Enzymes Enzymatic Loss of activity
Vitamins Enzymatic Loss of activity
Proteins, antibiotics, ) Loss of activity,
carbohydrates, fats Chemical nutritive contents
. . Solubility,
Other PW; gglrglq?glcal/ rehydration, loss of
aroma, shrinkage

From data of Mujumdar (2003)
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|
| |

Conventional Emerging
Dryers Dryers

Spray dryer Heat-pump dryers (below/above freezing
Spray-fluid bed (two-stage) point)
Freeze dryer Intermittent batch dryer
Vacuum tray Vacuum fluid-bed dryer
Continuous tray dryer Low-pressure spray dryer with ultrasonic
Drum dryer/vacuum atomizer
Indirect vacuum Sorption dryer
Plate or turbo dryer Pulse combustion dryer
Cyclic pressure/vacuum dryer
High electric field (HEF) dryer
Superheated steam dryer at low pressures

Fig. 1. Commonly used dryers and emerging drying
technologies suitable for biotechnology products.
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Table 2. Choice of dryers and drying conditions for biotechnology products depending on specific constraints

Redtrictive criteriawhen drying

Possible dryer/Drying conditions

Highly hest-sensitive; thermally inactivated; Dehumidified air drying (hest pump or adsorption dehumidifier) at low temperatures

or damaged

Vacuum drying with indirect heat supply

Intermittent batch drying Freeze drying

Damaged by oxidation

Freeze drying
Product subject to destabilization
(e.g., enzymes)

Product affected by physical
processing

Convective drying in N, or CO, Vacuum drying

Addition of sugars, maltodextrin, salts, etc. to stabilize some enzymes
Contral of pH change during drying
Use of gentle drying (e.g., packed bed or continuous tray as opposed to fluid bed)

Better drying of some productsin one type of dryer than others (e.g., yeast in spouted
bed vs. fluid bed)

From Mujumdar (2003)
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Fig. 2. A classfication scheme for heat-pump dryers.
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Table 3. Comparison of specific energy consumption of
various drying technologies

Drying technology (with indirect Specific energy
rotary dryer as predryer) consumption (KWh/kg)

Superheated steam dryer 0.75
Indirectly heated steam dryer 1.00
Hot-air rotary dryer 115
Mechanical  vapor recompression 0.04
(MVR) '

evaporator 0.30
Three-stage evaporator 0.20
MV R-superheated steam dryer 0.20
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! Intermittent Drying for Batch Dryers

On/ Off Timerva'rying
i Energy input

(concurrent or
sequential)

[

Cyclic variation of
temperature or pressure
or gas velocity

Fig. 3. A scheme of the various types of intermittent

batch dryer operations.
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