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SUMMARY

[. Title

Development of high speed heating equipment for high quality food manufacturing

IT. Objective and an Importance of Research

The developed technology in this project is using electrical equipment to make a
superheated steam for dry in the pressure of the atmosphere. In the food
processing, instant surface sterilization, continuous heat process, and fast
temperature control make it possible to get a high quality drying. The results
obtained from prior researches have shown the effectiveness of this drying method.
Especially, drying process with superheated steam has shown many features such
as high energy efficiency by interior cycling of heating air, short drying time with
fast heat transfer, and no-contamination, etc.

Until now, the main obstacle of spread of this system is to make superheated

steam economically. The boiler facility or high pressure steam generator is used to
as a present technology. However, recent rapid progress in the electronics and
electrical devices makes it possible to develope a simplified steam generator.
The objective of this project is to make a simple superheated steam generator,
which solve the problems in the conventional heating systems. Several vegetables,
spices, and a crop for a special use was dried and analyzed to verify the effect and
application using the developed equipment.

Farm products which is being under dry process with hot air suffer much loss of
color and qualities. So, another drying method have been needed to make high
added value of products. In this project, a new drying system using superheated

steam generator tries to develope new drying methods and a related facility.



IM. Contents and Scope of Research Developments

The contents and scope of this project are as follows,

- Development of fast steam generation and controller
- High temperature corrosion resisting heater

- Evaluation and analysis of food steam-treated

After essential technology for several KW superheated steam generator had been
done at the early stage of project, experimental equipment was made and tested to
dry spices such as red pepper. Next, food drying feature was analyzed along with
heating sequences. To increase the capacity of dry oven, induction heating
equipment and other facilities were redesigned and tested. Finally, a data of food

drying has been obtained for several food application.

IV. Results and Applications

1. Results

A. Development of dry oven using superheated steam with normal atmospheric

pressure

The developed dry equipment using superheated steam with normal atmospheric
pressure is consist of induction heating power supply, steam heater, dry oven, and
other facilities, roughly.

The aimed capacity of induction heater was 1kW in the early stage. However, to
increase amount of superheated steam and fast control, capacity of heater has been
up to 6kVA. Finally, digital control inverters are paralleled to increase capacity and

to get reliability. All controller except for inverter is integrated to one unit.

_vi_



Superheated steam heater has been manufactured with several types as follow;
- steam heater using integration of small size balls
- steam heater using flat plates to make turbulent flow

- steam heater using plates with spiral groove

Finally, the improved steam heater using plates with spiral groove has shown
better feature in heating characteristics.

The dry oven has been made and tested to increase oven capacity every year.

The drawback of dry oven was repaired to improve dry feature.

The protype dry oven has circulating fan inside for convection. Also, it blocks a
radiant heat from metals with Teflon-coated inside.

The targeted dry oven using superheated steam with normal atmospheric
pressure was made and tested by manufacturing of the prototype successfully.

If economic configuration is possible, the developed dryer will be very promising

to many drying application.

B. Development of a technology to dry spice using super—heated steam

The first pepper was dried using hot blast at the temperature of 50C after being
dried using superheated steam at the temperature of 160C and the internal
humidity of 20%. The second pepper was dried using only hot blast at the
temperature of 50°C. The first one was dried about 75% faster than the second.
However, there was no big difference between the first and the second in their
quality characteristics such as general components, color, capsaicin, and sensual
evaluation. In contrast, the first showed reduction in the number of microorganisms
contained in it in comparison with the second: general bacteria reduced by about
1.3x103 cfu/g, vyeast and fungi 4.4x103, and colon bacilli 83x102 cfu/g.
Consequently, it has been confirmed that the technology applied to the first pepper
i1s to reduce the drying time and to prevent the contamination from the

microorganisms residing in pepper powder, without deteriorating the quality of the

pepper.
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The first carrot was dried using hot blast after being dried using superheated
steam. The second carrot was dried using only hot blast. The first one was dried
about two times faster than the second, and the first dried carrot was restored
about 8% faster than the second. However, there was no big difference between the
first and the second in their quality characteristics such as general components,
discoloration degree, color, [i-carotene, and sensual evaluation. In contrast, it has
been observed that the internal tissues of the first dried carrot were more softened
and easily opened.

It is the same with the case of ginger. The first ginger was dried using hot
blast after being dried using superheated steam. The second ginger was dried using
only hot blast. The first one was dried about two times faster than the second.
The first showed reduction in the number of general bacteria, yeast and fungi in it
in comparison with the second. The author judges that it is because some of the
microorganisms living inside and on the surface of ginger were sterilized by the
high temperature of superheated steam. However, there was no big difference
between the first and the second in their general components, color, discoloration
degree, minerals, fatty acid, sensual evaluation, and fine structure. Consequently, it
has been confirmed that the technology applied to the first vegetable is to reduce
the drying time and the contamination from the microorganisms residing in the
vegetable, without a great change in the vegetable’s components, in comparison to
the second or existing technology.

The first ginseng was dried using hot blast after being dried using super-heated
steam. The second ginseng was dried using only hot blast. The first one was dried
about 80% faster than the second. The first showed reduction in the number of
such microorganisms as general bacteria, yeast, fungi, and coliform contained in
ginseng powder in comparison with the second. In particular, the reduction in the
number of microorganisms contained in ginseng powder is in concert with and
subservient to the criteria for the number of microorganisms which are strictly
applied when ginseng products are exported to abroad. However, there was no big
difference between the first ginseng and the second ginseng in their general

components, minerals, isolated sugar, crude saponin, color, internal tissues, and
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sensory evaluation.

The same methods were applied to oak mushrooms and almost the same results
were acquired. The first oak mushroom was dried about 85% faster than the
second. And the first showed reduction in the number of microorganisms contained
in it in comparison with the second. Furthermore, there was no big difference
between the first and the second in their general components, color, internal tissues,

and sensory evaluation.

2. Applications

- Transfer of the manufacturing technology of the developed apparatus to related

companies and assist how to construct the equipment economically.

- Inform the application of the developed technology from small farms to large
plants.

- Taking patent of essential parts of the developed technology .

- Taking the basic technology to use the technology to other industries

- Explore and search various application fields through connection with associated

food company.
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Instrument Hewlett Packsrd 5890A
Column Supelcowax 10 capillary column(30mx0.32mm)
Carrier gas Helium(30ml/min)
Injector Temp. 250C
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