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Aquafeeds

Microwave drying expanding to
aquafeed production

1 February 2006
By Eugenio Bortone, Ph.D., PAS, Dpl. ACAN  and James R. Burbage

Process has no adverse e�ect on palatability of pet foods
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Extruded aquaculture feeds are traditionally dried using vertical or horizontal dryers, while pelleted
aquafeeds are, in most cases, only dried by evaporative cooling using vertical counter�ow or horizontal
coolers. Microwave drying and cooking, which have been used for years in household applications for
ready-to-eat foods or to warm up precooked food, may also soon �nd an opportunity in aquafeed
manufacturing.

Food industry applications
Microwave heating and drying have numerous applications in the food industry. The technology offers
a unique means of increasing productivity with consistent and often improved product quality.

Microwaving offers quick heating that can reduce the degradation of �avor and nutrient content. The
technology has virtually no moving parts, so maintenance costs are minimal. Power adjustments can
be made and measured in less than a minute, whereas adjustments on conventional dryers can take up
to half an hour to detect changes. Both space and operating costs for microwaving, depending on
location, can be less than those for standard gas-�red convection ovens.

Depending upon the type of dryer and the manufacturer, drying e�ciencies for convection ovens can
range about 15-48 percent. The e�ciency of a 100-kW microwave dryer is generally around 85 percent
due to heat losses in the magnetron and transformers (Fig. 1).

There are normally no emissions from today’s closed systems. Although microwave radiation can be
very harmful at high power levels, any microwave leakage dissipates exponentially over distance.
Microwaves also add little or no heat loading in the workplace.

Microwave principles

New industrial microwave drying ovens provide more consistent and
continuous microwave �elds. Photo courtesy of Industrial Microwave
Systems.

Fig. 1: Microwave generator e�ciency improves as power levels
increase.
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Microwaves are a form of electromagnetic energy, like light waves or radio waves. A microwave
generator consists of a magnetron, an electromagnet, and a high-voltage circuit. The magnetron is a
tube in which electrons are affected by magnetic and electric �elds to produce microwave radiation at
about 300 MHz to 300 GHz.

Microwave heating occurs when this radiation passes through material containing dielectric
substances. Most molecules are electric dipoles with a positive charge at one end and negative charge
at the other. They vibrate as they try to align themselves with the alternating electric �eld induced by the
microwave �eld. In doing so, the hydrogen-oxygen bonds within the molecules �ex at a speed of about
900 million or 2,450 million times per second, generating heat.

One unique property about microwave heating is that the energy is absorbed by the most dielectric
material in the heated substance, which is water in most cases. Food therefore heats primarily as a
result of the conductive or radiant heating of the water within it. Once all the water is removed, the
remaining polar materials begin to absorb energy. Depending on the thickness of the heated substance,
it can actually heat from the inside out.

The wave �elds generated in counter-top microwave ovens are not uniform, and most industrial
microwave applicators are as nonuniform as the counter-top units. This lack of microwave uniformity
causes hot spots and can result in uneven drying and �res.

New state of-the-art technology applies microwave energy in a more uniform manner. These versatile
applicators are speci�cally designed for a range of products, so they can be applied to planar materials
or those pumped through a cylinder.

Applications
Microwave dryers and heaters are used by the textile, chemical-based foam, pumpable foods, seafood,
and aseptic packaging industries. Research is under way on microwave use in the areas of coal,
converted agricultural products, pet food, and avian and �sh diets.

Extensive work is being done to evaluate the effects microwave drying has on the palatability and
economics associated with dog and cat kibble, dog biscuits, and treats. Microwave drying has no
adverse effect on palatability, and in some cases improved product consumption by both dog and cat
diets.

Various companies are involved in the further application of microwave dryers and heaters in the food
industry. For example, Industrial Microwave Systems is �nalizing the development of a microwave-
based moisture sensor and closed-loop controller that will automatically adjust microwave power levels
to compensate for changes in moisture levels of product coming out of the convection oven.

Due to the short reaction time and microwave oven dwell time, variations in extruder and oven moisture
levels can be minimized by such controls. Savings on energy, cost of quality, increased throughput, and
material can provide a return on investment of less than three years for most microwave dryer systems.

(Editor’s Note: This article was originally published in the February 2006 print edition of the Global
Aquaculture Advocate.)
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