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SUMMARY

. Title

Development of new processing control technologies for the rural

agricultural processing industry

II. Objectives and Significance

M ajor products of the rural food processing plants operated by agricultural
producers are traditional fermented soybean products, various kinds of
kimchi, soybean curds, pickles, dried vegetables and teas. The number of
the plants established by the government financial support are
approximately 1,200 and their annual sales are over 100 billion Won. For
continuing growth of these agricultural food processing industry it is
essential to develop new products constantly, to improve distribution and
marketing, as well as to manufacture of high quality products through
improvement of quality control programs.

T hese rural plants suffer from operational difficulties duet to shortage of
high quality technical personnel and inefficient plant operation scheme
w hich is not suited to the rural environment. One of the ways to
overcome these difficulties is to make use of modern automation in all
phases of the operation in order to keep the product costs in line including
labor cost. Although a few machines and equipments for food- processing
plant have been automated, the core technologies depend on the foreign

manufacturers. In addition, more than 95% of the technologies for process
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control essential to uniformity of product output are being imported.

W ithout having the core process control technologies, rural agricultural
food- processing plants with only know-how of the traditional food
processing can not compete with large domestic and foreign food
companies. Therefore, it is essential to develop core process controllers
w hich are well suited to the process of the rural plants. T hese controllers
should be operable at each stage of the process and linked to the host
computer through network.

Development of the process providing superior productivity to the existing
processes and the introduction of state-of-the-art processing technology
are required for competency of the traditional processed food. T hus,
various frontier technologies such as microwave extraction, ohmic heating,
color image analysis, and ultrasonic filtration should be applied in
traditional food processing.

In order to develop process control technologies, physical properties and
processability of starchy foods and protein foods such as rice and
soybeans should be studied as they are principal materials for traditiona
food processing.

T hus, major objectives of this research are to develop core technology of
automation using microcontrollers and to apply state- of-the- art processing
technologies including image analysis, microwave extraction, ultrasonic
filtration and ohmic heating for domestic manufacturing of core contro
devices and cultivation of competitive power for rural food processing

plants.
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[I1. Contents and Scopes of Research

1. Development of process for traditional foods

- Characterization of rural food processing

- Analysis major processes of traditional agricultural food processing

- Studies on frontier unit processes for traditional soybean products

- Technology development for continuous soybean curd production

- Development of manufacturing techniques for instant soybean curds

Pilot design for rural food processing

2. New technologies for traditional agricultural processing

- Ultrasonic filtration technology

- Application of ohmic heating

- Process development for microwave extraction

- Development of color image analysis system

3. Studies on rhelogical properties and processability of soy foods
- Characterization of rheological properties of soybean products

- Production of starter culture mass using extrusion technology

Analysis and quality evaluation of the new products
- Optimization of processing

4. Characterization of traditional starchy foods

- Physical modification of mung bean starch

- Properties of annealed mung bean starch gel

Physicochemical properties of sonicated starches
- Effect of cooking conditions on thermal properties of rice and

development of a model for prediction of temperature change in
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cooked rice
5. Development of core control technologies for rural food processing
- CAD design of control box
- Design of display
- Selection of the parts for controller
- Manufacture of PCB for core controller
- Development of operating programs
- Techniques for measurement and control of processing variables
- Trial manufacture of control box
- Design and manufacture of automatic/manual converter
- Trial operation of the process controller for food processing
- Measurement and control of process variables with core process
controller
- Operation of core process controller

- Manufacture of final process controller

IV. Results and Proposal for Future Application

1. Results

Results of this research are briefly presented in five categories, i.e.
process development for traditional food processing, development of new
technologies for traditional agricultural processing, studies on rheological
properties and processing of traditional soy foods, characterization of
traditional starchy foods, and development of core control technologies for
rural food processing.

1) Rural food processing has been evaluated for type, process
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characteristics and principal processes with a view to thorough analysis of
traditional soybean processing and modernization of unit operation. In
regard to continuous soybean curd making a new molding technology has
been developed which does not require cotton cloth. T echniques for instant
soybean curd manufacture have been established as well considering the
necessity of developing new products.

2) In the area of developing new technologies for traditional agricultural
processing, studies have been carried out on ultrasonic filtration
technology, application of ohmic heating, process development for
microwave extraction, and development of color image analysis system.
Especially, the microwave extraction system have been proved promising
as it increases the yield by up to 40% as compared to the conventional
extraction method.

3) Basic informations for design and improvement of process have been
obtained through the studies on rheological properties and processing of
traditional soy foods. Rheological properties of soybean products have been
analyzed and starter culture mass for fermented soybean products has
been prepared by using extrusion technology. In addition, quality
evaluation of the new product and optimization of processing variables
have been carried out.

4) Characterization of traditional starchy foods has been accomplished with
regard to development of new processing technology and improvement of
current process. Physical modification of mung bean starch has been
carried out and properties of annealed mung bean starch gel have been

determined. Also, physicochemical properties of sonicated starches have
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been studied. Prediction model for temperature change of cooked rice has
been successfully developed as well.

5) With a view to developing basic technologies for factory automation of
rural food processing, process controller has been desighed and
manufactured employing modern microprocessor. This process controller is
of excellent performance providing real-time on-line monitoring,
measurement, control, and communication. Operation program has been
also developed, and this core technology has been successfully utilized in

K oji preparation.

2. Proposal for future application

Newly developed process controller for traditional food processing and
frontier technologies should be applied to rural agricultural food processing
plants.

1) The developed controller based on microcontroller is designed to be
suitable for rural food processing plant. T hus, its application study should
be follow ed.

2) New molding techniques have been developed for soybean curd
manufacturing. This molding technology does not require cotton cloth,
shortens the processing steps, and improves the sanitation. Assessment in
combination with other processing variables is suggested.

3) Further application studies are required for such frontier systems as
ohmic heating system and image analysis system for monitoring of
process and quality control

4) Microwave extraction increases the yield by more than 40% and is
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very efficient for extraction of valuable constituents of the plant. It is
especially efficient in soy milk processing, and scale- up studies should be
carried out.

5) Annealing starch during Mook (a Korean starch gel food) preparation
does not require a complicated process. T herefore, it can be applied easily
to the rural processing plant, and be utilized for texture improvement.

6) Sonication of starch after gelatinization can be utilized as a new
process for starch food after a further evaluation of its effects on overall

functionality in the real food systems.
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( CaSO, 2H,0) ( ) glucono- o

- lactone( C¢H ;,09 (Sigma )

stainless steel gauze(30 300

mesh)

3009 2 6 , 3

(cotton bag)
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, 100ml| 0.5%

, 65 20 , 0.05kgflcm2



10 12
4

1.1kW, 1700rpm, 1.5HP)

grinder (AC 220V,

pilot spray dryer (Zeus. Co. Korea)

Table 1 spray dryer

T able 2-1

Table 2-1. The specification of spray dryer

ITEM

SPECIFICATION

Hot air

Air flow rate

Rotary atomizer revolution
Thyrister temperature control
Air flow pattern

Atomizer

Air properties

Power

Inlet 250 , Outlet 80

120kg/h

5,000 40,000 rpm
Range : 150 250
Parallel
centrifugal
Prassure

T emperature
RH%

Humidity

Specific gravity
AC 220V, 60Hz

+ 5%

760mmHg
15

70%
0.0071kg
1.2kg/m3

60H z,



Fig. 2-1. The experimental set for Spray drying of soy milk

, ( stainless mesh )

Fig. 2-2 mess

cylinder
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Messcylinde

Fig. 2-2. Measurement of Tofu whey at the press operation

4 ( 6.8mm)
4
4 X
, 4 (A, B, C, D) Fig. 2-3
, A, B, C, D
2,4,6,8 , 36.32 mmz

stainless steel gauze 60mesh



S e == Drain haole
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Ehaks
AR
e
000 Qb o |
- [ O Stanleas steel
000 | poo e

Fig. 2-3. Configuration of drain hole with various filtering areas at the

bottom of the molder

mesh
Stainless steel mesh

4

4 4

30, 60, 150, 500 mesh stainless steel

hybrid recorder(LE9000, = 0.1 , Chino,

Japan)

feed rate

feed rate peristaltic pump (10



600RPM, Model No. 7523- 20, Barnant, USA)

atomizer

atomizer control box
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L
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Fig. 2-4. The process flowchart of soybean curd manufacturing factory

. process under study)
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Lg : gel

Lx : gel
Lo :
(1)
L= Lnp+ Lg+ L+ (1)

., Om, B8g, 09x, 6o

viscosity 5

Fig. 2-6 4 1, 2, 3, 4
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Fig. 2- 6. The structure of rotary coagulating tank

stainless gauge

Fig. 2-7
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leak

seal

Flexible seal press plate molding box

(b)

d : Refers the distance to be corrected by the press

Fig. 2-7. Self alignment mechanism of soybean curd- press system by using

wide- mouth rectangular molding box

seal
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slant band type seal , . Slant band type

band (P1)
, (P2) (P3) ,
seal :cgoial H
& .-/ -\'
] 4 \"\._ LLIJ:IJ:EII::D:‘l
Ring type Flat band type Slant band type
(a) (b) (c)

Fig. 2-8. The types of seal of the soybean curd- molding process

acryl plate ( 5mm)
press plate acryl plate

0.04 0.10kg/cm2

acryl beam (width 5mm, thickness

25mm)
Press plate (W 25mmx L 190mmx D 3mm) polyurethane rubber seal
nut- bolt
urethan tape (0.3 mm )
16 drain hole . Fig.
2-8
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. Stainless

Fig. 2-9. Experimental Tofu-press with the wide- mouth rectangular molding box
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Fig. 2-10. Texture profiles of soybean curd product at various numbers of drain

holes
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Fig. 2-11. T he flowchart of instant Tofu manufacture
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170 , 180 , 190 200

, feed rate 100 /min, 140 /min, 175 /min, 200 /min, 240 /min, 280

/min , atomizer 15000rpm, 17000rpm, 20000rpm,

23000rpm, 25000rpm, 27000rpm, 30000rpm

170 , 175 /min feed rate
15000
17000rpm
, 30000rpm
, atomizer 23000 27000rpm
pow der 10
13%wt , product Fig. 2- 12
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Fig. 2-12. Spray dried product of Soybean milk

1)

Fig.2- 13

jacket , 60mesh stainless steel (c)
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Fig. 2-13. The structure of lower molding frame for instant Tofu
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(a) The parts of lower molding frame
a: jacket b: c: O-ring d:

e: f: stainless steel

(b) The assembled lower molding frame

Fig. 2-14. The lower part of Tofu with thermostatic jacket
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Fig. 2-15
silicon blade(d)

(b.c) (e)

Texture Analyser

(a).
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= spring
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/v \ Id7 mm
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- Gn_rpm,.!

) S mm drain hole

60 mesh

snap ring

Fig. 2-15. The structure of the upper part of Tofu molder
Fig. 2-169l€ ol otg A28 g4 2Z(z)z2 2YdE xR E

GEbd
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(a) The parts of upper molding frame
a: probe connector b: blade c: d: snap ring

e: stainless steel f: g: silicon blade sealer

(b) The assembled upper molding frame

Fig. 2-16. T he photographs of the upper part of Tofu molder
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Fig. 2-17. The experimental set up equipped with the thermostate T ofu molder

hardness, bending force
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1. Microwave

Microwave 300M Hz 300GHz ,
2 . Microwave
microw ave magnetron , ,
( )

Microwave , ) )

microw ave

2.
20KHz
(longitudinal wave)
(transverse wave) (surface wave)
1921 Langevin
(Frederick, 1965). 1927 W ood
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, 1989). 1946

( Frederick, 1965, , 1989, , 1989, Steinberg,

1965, Erikson, 1974).

, (Atkins , 1965,
Heath , 1980, Daw son , 1961, Wang , 1978, 1983, 1984, Schroder,
1953). , ,
(A zhar , 1979).
(Sarker , 1988). )
(Robinson , 1974).
(Frederick, 1965, , 1989)
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3. Ohmic heating

(Ohmic heating)

Ohmic heating

Ohmic heating

Ohmic heating

, , blanching,

Ohmic heating

35
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(Owusu, 1992).
(M aheshw ari
1981).
(Rosenberg and Bogl, 1987)
(Fig. 3-1) 6

conventional water bath system microwave water bath system
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Fig. 3-1. Effect of the microwave heating on microstructure of food tissue
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y!
A

Q (8

V : voltage gradient(V), 1 : current(A), R : resistance(Q)

Q ' energy-generation rate per unit volume (W - h)
K : electrical conductivity

Ohmic heating @AM 71FAZ@) W& H9o AsE&T = g

)

918k Zol AT FTHo A LEF Qo vy T ujdel whule

e Aoz WA
dar . Q.
® = e (9
B
dr VK
&= (10)
A o 4

C» : heat capacity (J/kg * K)
p : density (kg/m")

Ohmic heating® W& (V)e] FF5Hol7] o 4 A F o LE Ao
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(P)
(13)
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P= 5 otgV’ (13)
60
cold point
( 25mm )
ohmic heating
. Twin-T
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. Ohmic heating

Twin-T
_ 1
f= URC (14)
60H z
(C) (104pF, 102pF)

ohmic heater
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. Microwave
Microwave

(thickness: 3mm)

( )

cavity

2.45GHz

MAE(Microwave Aided Extraction)

(- 10 +20 mesh)

( : = 2:1) 50g

5L 2

. Ohmic heating
NacCl

0.0~0.5%

(-6 + 8 mesh)

5L 2

509 2.5L

W aring blender

agar gel

, agar gel 2% (w/w)
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stainless steel

magnetron

20

2

, Waring blender

2 2.5L

50, 100, 1509

3

. NacCl

agar NacCl



N acCl

, 6 30 mesh

(conventional w ater bath system,
KMC-12055W 1 Vision Co., Korea)
microwave oven(RE-390BM, )
microwave power control Green- kit 88(ESD Co., Japan)
Hybrid recorder (HR-2500E, Yokogawa Co., Japan)
, microw ave thermister
Green- kit hybrid recorder RS232C (serial
communication) softw are Lab
Windows/CVI (ver 3.1, National Instruments Co., USA)

, ON/OFF duty time

1g
10ml 80 10
2.
. MAE
1)
Spectrophotometer 270nm
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2)
spectrophotometer

440nm

3)

T-type thermocouple

hybrid record(HR- 2300, Yokogawa, Japan)

4) Electric field intensity

Cylinder cavity electric field intensity
I-DEAS Master Series 3 : simulation program cavity
simulation
1)
28.2kHz
, 0.1- 0.2bar
(Fig. 3-19, 20 ). (W hatman
filterpaper No0.43) (polyester, , 72x72)
LED array
(Fig. 3-18 )
2)
( , 0.1Imm)
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. Ohmic heating

1) Ohmic heater

Twin-T 100Hz, 500Hz, 1kHz, 5kHz,

ST K 404811 IC

Ohmic heating

10kHz, 20kHz 6

150W

2)
thermocouple
(Type T) thermocouple  welding epoxy resin
coating . Thermocouple multi- channel
recorder(HR2300, YOKOGAWA) GPIB(General Purpose
Interface Bus, IEEE- 488) personal computer
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Personal Computer Multichannel Recorder

GPIB cable

Thermocoupla
prote

Ohmic Power Supplier

Dhrﬁic heating cell

Fig. 3-4 Schematic diagram of salt solution heating system

3) Ohmic heating system
digital  oscilloscope (DCS7020, 10M hz,

KENW OOD)

4) Voltage, Current Pow er
digital powermeter (2533, YOKOGAWA)
Fig 3-5 Ohmic power supplier pow ermeter

Ohmic heating cell
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Pow ermeter , GPIB PC

Ohmic Power Supplier Personal Computer

GPIB cable '

e L

l 1 Power Input :
Themocouple Prabe
Fowermeter
R R

‘ | Power Qutput

Rl |
Ohmic heating cell

Fig. 3-5 Schematic diagram of power measuring system

5)
0.0, 0.1, 0.2, 0.3, 0.4, 0.5% NacCl 500m| Fig. 3-8
poly propylene (150% 100x 80mm3)
Ohmic
100V, 60Hz
6) Gel
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(110x 70x 35mm 3) agar

gel
Lead
connnector Electrode
] I
1 \_
u BO0mm
|_‘ Mmm
150mm
Fig. 3-6. Ohmic heating cell for liquid food of NaCl solution
7) NaCl
Fig. 3-9 cell
cell NacCl ohmic
acryl pipe(ID:30mm, OD:35mm, L:140mm) . Cell
acryl (ID:10mm, OD:15mm, L:120mm) Fig. 3-9 (a)
shell
- 20 . acryl
pipe 0 2% NacCl - 20

Fig. 3-9  (b) NacCl
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f— 10 —
FT

L O

12—

(a) Ice heating cylinder cell (Unit:mm)

ice electrode(Al)

rubber \ k\‘aut;r:»‘pﬂl pipe
plug \
2% NaCl ice block

(b) Ice cylinder showing co- centric 2% NaCl ice bar

Fig. 3- 7. Heating system of ice block

. Microwave cavity heat exchanger

« One long coil type : diameter 10mm, length 20 cm (coil 1)

¢ Two short coil type : diameter 10mm, length 7cmx 2 (coil 2)
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« Small cylindrical type : diameter 15mm, length 20cm (cylinder 1)

« Large cylindrical type : diameter 20mm, length 20cm (cylinder 2)

1:100, 1:50, 1:20, 1:15, 1:10

Co.,Japan)
Co., Sweden)

diethylether

5

(FD-100,K etto
, Kjeltec system(T ecator

6.25x N

Soxtec system(T ecator Co., Sweden)

, 550 furnace
A.O.AC. .(Sullivan and Carpenter,
1993)

Acrylamide : bis acrylamide = 19 : 1 5%
stacking gel 8% separating gel (Laemmli,
1970) Protein marker 45 205 kDa . Gel

0.1% Coomassie brilliant blue R-250 10% acetic acid
10% methanol . Polyacrylamide gel
densitometer
(Bollg , 1996)

16
(Box , 1978)

12 80

10 15 phosphate buffered saline(PBS)
5% paraformaldehyde 5% glutaraldehyde 4
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4 . 0.1M PBS 3 2%
0s0O4 PBS 4 4
.(Mills and Chong ,1977) 0.1M PBS 3
(Scanning Electron Microscope, M odel

JSM-5410LV, JEOL Co., Japan) (Hayat, 1970)

58



4

1. Microwave

. Microwave system
1) microwave oven system
) microwave oven cavity( , RE- 652N)

Stirring Ear

Ot t. Lt

Chimale Valoa b

Transformor

Fig. 3-8. Microwave assisted extraction system using conventional

microw ave oven

microw ave Fig. 3-8 microw ave

oven . microw ave oven

microw ave pow er

microwave oven cavity
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oven

) Rectangular cavity in microwave oven

microw ave oven steel cavity

microw ave pow er (Fig. 3-9).

microw ave oven

Stirring Bur

Output Llne

lyrput Line Check Valve I ; u

|

Ractangular Cavity

Magnotron

Transfarmar

Fig. 3-9 Microwave assisted extraction system of rectangular cavity type

cylinder  microwave system
electric field intensity

, auto- feeding capability

60
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1) Cylinder  microwave system

microwave oven setting impedence matching

microwave oven electric field intensity

auto- feeding pow er
cavity
cavity
: W R340 ( 8.64 cm, 432 cm, (A g 17.3
cm )
Cavity : cylinder ( 9.8 cm(A d/2 +a ), 21 cm(A g +ta ) )

. steel

microwave power(700W) Network Analyzer(HP

8753C, Hewlett Packard, USA) stub

cylinder microw ave system
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¥3.5mm

v

453mm

85 5mm

Cylindrical Cavity

Fig. 3-10. Structures of the cylindrical cavity and waveguide

2) Microwave cavity simulation

Cylinder cavity electric field intensity

I-DEAS Master Series 3 : simulation program

cavity simulation
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Fig. 3-11. Side view simulation data of microwave power

Fig. 3-12. 3D simulation image of microwave power

3) cavity pow er
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cavity 100 heating rate pow er(W)
, ) cylindrical cavity

T able 3-1

Table 3-1. The comparison of heating rate and power in each cavity

Microwave cavity
Household MW Rectangular Cylindrical
oven cavity cavity
Heating rate( /sec) 0.9 13 17

Power(W) 380 541 700

700W 1.7 heating rate
cavity system

auto- feeding output velocity . Table 3-2

Table 3-2. The comparison of output velocity in each cavity

Output velocities at Microwave cavity

Household MW Rectangular oo .
. Cylindrical cavity
oven cavity
Velocity(mL/min) 40 50 130
microwave
Microwave cavity , Fig.

3-13
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1)

Output Line Input Line

Heat exchanger

]!
Filter ——— = H Extraction Cell

Fig. 3-13. Continuous microwave extraction system

extration cell

microwave

cavity electric field intesity

simulation data

extraction cell system
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Cratpuat Line

ligpurn Lave

Cylindrical Cawvity

Cransformom
M ﬂ

Fig. 3- 14. Semicontinuous microw ave extraction system

2) microwave water bath

Spectrophotometer wave scan peak
271nm . w ater bath
microw ave

microw ave w ater bath
2.9 (Fig. 3-15).
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MW : Waterbath

A2 T Onm)
3.0
i HFTHALY
2.5 MW : 2 404(58])
‘Waterbath : 0E22(3E)
2.0 MW 'Waterbath ; 29

1.5
1.0
0.5

0.0

MW wattarbxath

Fig. 3-15. Comparision of yield at MW and WB

microw ave
Fig. 3-16 Fig. 3-17 microwave waterbath
profile
Microwave
o
a0
i
i HREE WD
E S & T 510ml/ Gmin
Z m
30
ol
jL1)
n an [ o0 12 | 5l 180 210 20 FIn En
time{sec)

Fig. 3-16. Microwave temperature profile
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Waterbath

teme
coc M EEE2EER

——

AR 7700
s T H530mlS Smin

3) microwave

microw ave

microw ave

30 @ & 120 1® 18\ 210 240 ZW

timelsec)

Fig. 3-17. Water bath temperature profile

water bath
Spectrophotometer 440nm
w ater bath
w ater bath
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—es— Microwave
--- & - Contral

Absorbancelat 440nm)

0 60 120 180 240 300 a0
Time({sec)

Fig. 3-18. The comparison of extraction yield of gardenia pigment at MW

and conventional extraction system

microw ave

2.
28.2kHz Op-amp LM 358
Twin-T . 25 35kHz
, 10kQ
ST K 0060
70V . Fig. 3-19 3, 8
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matching transformer transducer

1kQ : 8Q (7T0W) 1 1.5 kV
, 230 pH
El 0.5 mm
_-?”]_ STKOOED
A970 AGTD 470 ]
Slgnal in i {, 2435 @
D._dﬂn _.E ""i' EE{HF w | i | LLE
02235 A
150p Lﬁm} .= ;—r 120p =
i tal g | M 1
=
o 100 220 | F19% 00
— J—Ay 4 NP ' 5
-l G I}
402240 | 74 200 *;1 )
W — * -
g 2A0EH
| &1 b a
L S I 7l transduer
4 @_
17 L 1 ,-nﬂlj;_. il i
_"—"—|E Saa J | 4 H
| 1 055 = Bg Imm 30T L/
2.Th=
: 100 2100
| + o/l 1 nt+—
—
] 5
pos | &
S0 = 220 w0
' -3 |+
| d 22n
L | Lk
BEAT | L@

Fig. 3-19. T he amplifier circuitry of ultrasonic wave



28.2 kHz (Fig. 3- 20).

DEC~-30-96 11126 1747 27.7kHz
A4 D.841v

i
:
:
|
i

CH1» 2aU

Fig. 3-20. Ultrasonic signal output from ultrasonic device

1)
Fig. 3-21 ( 19 cm, 0.7 mm, 5L)
epoxy bolt(p 8 mm)
( 9.5 cm, 3 mm, 110 mm)
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Vaccuim

T stainless steel vessel

/

filtration unit

food slurry

120 mm
100

filtration medium

fixing bolt

ultrasonic signal
— inpul terminals

110
k=]

—
T transducer

|
‘ S supporter

‘ 100
| 180 |

Fig. 3-21. Experimental setup of Ultrasonic bath for filtration of food

slurry

2)
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food

manometer @

suspension

filtration
upit

transducer

oscillator

cork
]

l Ul mess-

=| cylinder

Zl /

=l | |

B 0 *
g‘ pressure VACCUIm

regulating pUmp
bottle

Fig. 3-22. Schematics of Ultrasonic filtration system

0.1 ,

56cmz,
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14
——wae === Uit + vaC

Salid content & 10 £/

B AP 3 0.1 bar
Filteration area ! 36 cal
Digtamce : 10 ma
= Filteration bype * Vertical
= a0

Filterstion rale
[+ ]
[ =]

3

10

4] 10 20 30 40 50 [-1] TO
Tisel ain |

Fig. 3-23. Filtration curve of wheat flour suspension

0.6 2

Fig. 3- 24
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TO

—— ult+vaz —+ vac

Salid content @ 10 g/l

&P ¢ 0.1 har

80 - Filteration area @ 56 co?
Distamce ¢ 10 m
Filteration type @ Vertical

ch
L=

Filteration rate( xl/uin )

=
= |

20 ] 1 1 L i i
0 2 4 8 8 10 12 14
Tieel win |

Fig. 3-24. Filtration curve of degassed wheat flour suspension

3. Ohmic heating
. Ohmic heating system

1) Ohmic heater

100, 500, 1k, 5k, 10k, 20kHz 6 sine wave
operational amplifier Twin-T
(7) sine
table 1
trimmer 3V
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7-1n-1- Out Rotary switch 6

, 1

T able 3- 3. Combination values of Resisters and Capacitors to generate
sine waves of various frequencies for ohmic heater (Ra :

serial connected resistance to trimmer resistance)

Frequency ) Capacitor
Register(k3)
(kHz) (pF)
Design| Measur
R R1 R2| R4| Ra| C1 C2

ed ed
0.1 0.1 13.3| 30| 360 5 10 104 224
0.5 0.51 2.7 6.6 67 5 0 104 224
1 1.03 1.33 3 30 2 0 104 224
5 5.2 0.25| 0.52] 75| 0.1 0 104 224
10 10.3 11 22 | 220 5 7.5 102 202
20 19.5 5.2 10 | 100 5 2 102 202
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43

Sk

R ) 5

| R e i Tk T |

13 .3k 13.3K

o8 18OH=z

- . 224 Sy

2 \j

= Uia

2 'H"-._ |
o

=]
—:F'___.-*

RESISTOR BAR

i sl

Fig. 3-25. Twin-T oscillator circuits for sine-wave generator

2)
gain volume

IC audio amplifier STK 4048I1

(Vecc max:x 86.0v, Tc max:125 , closed loop gain : 26~45dB

POmax:150W) . Amplifier 150w
IC

system IC 40V
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Generator

(100Hz ~ 20 kHz)

) 1o A

\ +40V

\
Power Amplifier \—”; e

(STKADARII) _’»

Heating System

Fig. 3-26. Schematic diagram of power amplifier for ohmic heating

system
3)
2 05 -5 on/off
(SSR : Solid State Relay) timer
timer SSR
(Slide Transformer,
1KVA, ) . (Fig. 3-27-a)
4)
GPIB(General Purpose Interface Bus) PC
Fig. 3-27-Db data logging system
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(b) Data logging system

Fig. 3-27. Experimental system setup for ohmic heating study

. Ohmic heating system

1)
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(100V, 60Hz) NacCl (0, 0.1, 0.2, 0.3, 04,
0.5% (w/w)) 500ml , (dT/de ) NacCl

Fig. 3-28

12
y=2146x - 2266

"= 095859
10 i

Heating rate FC/min)
£ 3

Fig. 3-28. Temperature gradient of various salt concentrations during
ohmic heating with 100V, 60Hz power source at working

volume of 500m| and electrode distance of 110mm.

2) (agar gel)
)
NacCl 0, 0.5, 1, 1.5% (w/w) 2% gel 50V
0.02, 1.60, 4.69, 7.24( /| )
NacCl agar gel ,
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Fig. 3- 29

agar gel
spring
a
y = 495 446 x —0.329 +
F' = 0,986
=
=
(&
=W L ]
]
™ 4
n
c
3
T 2
E ]
g e |
0.0% 0.5% 1.0% 1.5%

MNaC| concentration (%)

Fig. 3-29. T emperature difference of semi-solid food at various salt

concentrations. (50V, 60Hz, 100x 50x 20mm 3)

Sucrose, NaCl, CaCl2
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(D (Sucrose)

sucrose 1.0, 2.0,
3.0% (W /w) 500m| 100V, 60Hz
Fig. 3-28 0.04, 0.06, 0.09( / )

50
40 |
)
o 30 e kol A b
5 :namM..‘-W.mM
.r-u.
2
e 20 | {
&
F_
10 |
0 5 10 15 20 25

Time {min)

Sucrose Concentrations ;
[ ——3% - 2% 1%

Fig. 3-30. Heating curves of sugar solution at various sugar

concentrations (100V, 60Hz, 110x 100x 35mm 3)
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(2) (NaCl, CaCl2)
()

CaCl2 0.1, 0.3, 0.5(M)

500m| 100V , (dT/d

®) Fig. 3-31

10
y =163.486 x + 0.482
R = 0,005 .

B
€ B
E *
o
i)
=,
54

a2 ]

Fig. 3-31. Temperature difference of salt solution at various salt

concentrations. (100V, 60Hz, 110x 100x 35mm3)

() Agar gel

0.1M NacCl CacCl2 100x 50x 30mm3 agar gel

ohmic heating system 30V, 5kHz
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CacCl2 gel

N acCl CaCl2 mole

CacCl2 NacCl Cl-

NaCl CaCl2 NaCl
2%
0.34M (NaCl)  0.18M (CaCl2)

NaCl . Fig. 3- 32

Temperature (C)

Fig. 3-32. Effect of salts on the heating rate of agar gel (30V, 5kHz,

50x 30x 100mm3)
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) ( )age

ohmic heating

(multilayer) agar gel block

0, 05, 1.0, 1.5% NacCl

gel layer
lay er
Fig. 3- 32 . , gel layer
Fig. 3-33 NacCl
gel layer
gel layer
gel layer
lay er
Fig. 3-33-(h)

85

agar gel

NacCl

layer

agar

gel

Fig. 3- 33- (a)

, gel layer

lay er



AN -
/| —AAA AN
L AN —
== $
Electrode
—_—,—
P1 P1_M
N S N PO5_L POS_R
Hﬁ, L PO_M
- I ——
Eeth’ﬂ d¢ Flackrads

(a)

Fig. 3-33. ConFiguration of 4-phase gel layers in semi-solid food
(Top View, T:top, B:bottom, M:middle, L:left, R:right,
Number:% NacCl)
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Temperature (C)

Fig. 3-34. Temperature profile of agar gel layers of different salt

concentrations during parallel ohmic heating.

100

Temperature (C)

Fig. 3-35. Temperature profile of agar gel layers of different

salt concentratioOns during vertical ohmic heating
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)

Ohmic heating

100x 50x 25mm3

20mm
( : 4 )
(1)
Fig. 3-36
block
Fig.

P2 M, P2_TR)

( ) agar gel

gel block
lay er
agar block
.V , N agar slab
heating cell 0% (w/w) NacCl
agar (50 )

2% NaCl agar solution

. Ohmic heater 50V, 60Hz

agar gel
agar block
(3/10)
block(PO_T L, PO_BR)

block(P2_BL,

block
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Current Dire

salted layer

Fig. 3-36. ConFiguration of slash-type gel layers in semi- solid
food (T :top, B:bottom, M:middle, L:left, R:right,

Number:% NacCl)

100

Temperature {C)
E &

|—~+—P2M = P2TR —+ P2 BL —=—P0_TL ——P0_BR|

Fig. 3-37. Heating curves of agar gel in slash-type block layers

(50V, 60Hz, 100x 50x 25mm 3)
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(2 Vv

Fig. 3-38 Y%
33%
i, ii, iii gel
3 ,5 ,3 Fig. 3- 39
(P2_TL, P2_TR)
\% ( ) \%
V type 2% gel
0% gel
Fig. 3-40, Fig. 3-41 V type gel
(V-11). gel P2 B

PO_M
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Fig. 3- 38. Configuration of V-type gel layers in semi-solid food

_

Temperature (C)
oo 22 E222EEE

0 ] 10 13 20
Time {min)

|~+—P2M = P0BR ——P2TL » POBL = P2TR

Fig. 3-39. Heating curves of agar gel of V type block layers

(50V, 60Hz, 100x 50x 25mm 3)
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POT

Fig. 3-40. Configuration of V-1l type gel layers in semi-solid food

Temperature (C)

P —e—P2l PR PO T ——P2B

Fig. 3-41. Heating curves of agar gel of V-IlI type block layers

(50V, 60Hz, 100x 50%x 25mm 3).
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(3) N

\%
\%
N Fig. 3-46 (c)
N ~

(PO_TR, PO_BL)
(P2_M, P2 L, P2 R) (Fig. 3-42). N-1II
type block 2% (P2_TL,

P2_BR) (P2_M, P2_R, P2_L)

(Fig. 3- 43).

Fig. 3-42. Configuration of N-type gel layers in semi-solid food.



Temperature (C)

0 5 10
Time {rmin)

——P2M -#—PDTR ——FPOB. —eP2L ——P2R|

Fig. 3-43. Heating curves of agar gel of N type block layers (50V,

60Hz, 100x 50x 25mm3).

I

Fig. 3-44. Configuration of N-1I type gel layers in semi- solid
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2 & B

Temperature ()
=

—~+—PZM —=—P2L —«—PZR ——PLTR —A—PE_ELE

Fig. 3-45. Heating curves of agar gel of N-1l type block layers (50V,

60Hz, 100x 50x 25mm3)
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Before- heating state Post- heating state

(a) slash type

D w5

(b) V type

(c) N type

Fig. 3-46. Pre- heating and post- heating state of manufactured agar

gels.

3) Ohmic heating

ohmic heating
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NacCl 0, 05 1.0, 2.0%(w/w)  160m]

100V, 60Hz NacCl
Fig. 3-47
15kW
ohmic heating
Fig. 3-48 2%

ohmic heating

hole
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Power (Wh)

0 200 400 600 00
Time {sec)

Fig. 3-47. Melting curves of ice block of slat solution during ohmic

heating.
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Ice slab before holes appeared after
Ohmic heating selective Ohmic heating

cylinderical ice bar ice tube produced
containing cocentrical by selective Ohmic heating
salted ice bar

Fig. 3-48. Selective melting of salted ice block during Ohmic heating.

4.
, : 1:10
(Fig. 3-49), (Fig. 3-50),
(Fig. 3-51) , ,
1:15 , Coil 1 Coil 2
(Fig. 3-52).
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chEE %)

B il 1
B coil2

11m 150 130 115 1in
S &

Fig. 3-49. Yield of soluble protein
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U E =T {maml)

&l
IH Godl
i O cod?
01 fem cylindar
B 2om oylindes
a0 BCW

1100 1:50 1.4 115 110
=R

Fig. 3-50. The concentration of soluble protein (mg/ml)

TR AR chEE SEs

B codl

] = THVES

160 O 1 5em cylinder
;

140 O 2em oy lindar

aow

180

120

100

i G E uglh

114 110

Fig. 3-51. Amount of protein extracted per energy input
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Fig. 3-52. The extraction

1986)

& E g rin)

EHHE S8 Sigmin

Bcolll
B coil2

BCW

01 5cm cylinder
O 2cm cylinder

JHEIVH A ST

E
| |
W RN :
1:50 1:20 116 1:10
BrlmE

rate of soluble protein (g/min)

T able 3-4

(

conventional water bath

microwave water bath system

(P<0.01),

.(SA'S Institute Inc., 1985)
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Table 3-4. Approximate composition of soybean varieties (wet basis)[unit : g/100g]

Crude
V arieties | M oisture Crude fat |[Crude ash NFE*
protein
Hwasungp
uk 8.6 41.77 24.56 5.71 19.36
Danbaek 9.0 44 .41 24.64 5.37 16.58
Duyou 8.1 36.25 23.71 5.59 26.35
Namcheon 7.4 37.74 20.32 5.62 29.92
Shinpaldal 12.9 37.62 19.30 5.45 24.73
2 14.9 36.59 23.48 5.23 19.80
Baekun

NFE*(nitrogen free extracts) : 100 - others
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Fig. 3-53. Soluble protein concentration by microwave extraction system

and conventional water bath system
o T84 dude HAYFF

Polyacrylamide geldlM #2l@8 o®a W= g densitometer2 A %3t do

2 FdAH FEY W FHE xAFE 2H F84 48D L 193kDa
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81.3 kDa 6 microw ave
conventional water bath system
(T able 3-5). Fig. 3-54
, microwave conventional water bath system
microw ave
microw ave

(Fig. 3-52).

Table 3-5. Relative concentration of protein bands separated by SDS-PAGE

M olecular Peak area
weight (kDa) M w Cw
Ban
81.3 8542 6281
d1
Ban
68.1 30460.33 25060.5
d 2
Ban
57.1 41560.33 37879
d 3
Ban
46.8 16595.67 15101.5
d 4
Ban
30.0 36560.67 39155
d5
Ban
19.3 8302.667 5607.5
d 6
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Fig. 3-54. T he patterns of soluble protein in SDS-PAGE
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Fig. 3-55. Response surface plot of the effect of W/S ratio and

temperature on the yield of soluble protein at 20 min

reaction time
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Fig. 3-56. Response surface plot of the cffect of W/S ratio and reaction

time on the yicld of soluble protein at 60°C
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Fig. 3-57. Response surface plot of the effect of temperature and

reaction time on the yield of soluble protein at 15 mL:g
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3-58-B, C, D). (protein body)

.(Wolf and Baker, 1972) Fig. 3-58-A 12

, . Fig.
3-58-B C 10
(Tombs, 1967)

Fig. 3-58-D
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Fig. 3-58. Electron micrographs of microwave- treated soybeans

A : control,

B : microwave-treated for 10 min (magnification x 3500),
C : microwave-treated for 10 min (magnification x 2000),
D : microwave-treated for 15 min (magnification x 2000)
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(single- screw extruder)

(twin- screw extruder) )
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1.
(Brookfield Digital Viscometer M odel
DV- + wversion 2.0, USA) cP
spindle (T hermostat cell) SC4-31
(acryl tube, 16mm, 2mm,
100mm)
, 70 250mL CaS0O4 0.5% (w/v) 2 3
, acryl tube 11 15mL , 2
acryl tube thermostat cell
viscosity
shear rate (spindle
5 ) shear stress torque
(fluidity)
acryl tube
tube( 2.5mm, 1lmm,
1000m m) 0.4 0.6W/m- K Fig. 4-1
cap 0.9m
(mark)
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Fig. 4- 1. Acryl tube for the measurement of fluidity of soybean coagulator

Acryl 4 400mL ,
90mL . . 5
1 Fig. 4- 2 (a )
cap
(900mm) (sec)
2 3

Fig. 4- 2. The experimental apparatus for the measurement of fluidity of

soy- coagulate

T exture
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analyzer(TA-XT2, Stable Micro Systems, software version
hardness
T exture analyzer probe 20mm flat surface, cylinder
strain mode 0.5mm/s test speed

(20 ) 5

, Fig. 4-3

0.3mm® (50x 50x 25(H)mm)

Trimlwatz)  Tody
Cutting séring & !
— /

i K

(EBZS)

!

Cutting ding

== Iu]
TTL

L NEY 5 1= : i

(2] (bl 238

Fig. 4-3. Sample preparation method for texture analysis
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2. koji

(extrusion)

(NSE
25, ) ,
(T able 4-1).
2 (response surface method, RSM) Box- Behnken
design screw speed, barrel temperature, feed
moisture content, starch content 4 3 (T able
4- 2).
(expansion ratio), (w ater absorption)
(bulk density) . Statistical Analysis System(SAS)
RSREG RS/1 ) ,
10
extruder die
5g 250mL 100mL
1
30mesh
250mL
3
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gold- palladium (Scanning Electron

M icroscope, M odel JSM-5410LV, JEOL Co., Japan)

Table 4-1. Proximate composition of soy flour used in extrusion study (Unit : %)

M oisture Protein Fat Carbohydrate Ash

8.7 36.87 18.74 30.19 5.5

Table 4- 2. Experimental design for response surface analysis of extrusion conditions

Level Screw Barrel temp( ) M oisture _ Starch
speed(rpm) content(mL/min) content(%)
1 250 160 35 40
0 200 150 30 30
-1 150 140 25 20
Aspergillus

oryzae, Bacillus subtilis, Rhizopus. delemar

T able 3

- 126 -



Table 4-3. Combinations of three different microorganism for Kkoji preparation

Control Optimal expansion ratio Optimal water absorption
A A A
B B B
R R R
A+B A+B A+B
A+R A+R A+R
B+R B+R B+R
A+B+R A+B+R A+B+R

A:Asp. oryzae, B:B. subtilis, R:Rhi. delemar

1)
, (
, ) 97% () )
Asp. oryzae
B. subtilis R hi.
delemar
2)
44%
1:1
haematometer
(2.4x 107 colony/mL) Asp.oryzae 0.5%, B .subtilis
Rhi.delemar 20mL 90%
30 72
autoclave 121 , 0.8kg/ 30
44%
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90% 30 72

3)
5g 100mL 25 3
W hatman No.2 5%
Protease shoyu ( ,1993) 1%
casein(Sigma Chemical Co.) , 0.1M sodium phosphate buffer(pH
7) . 1% casein 1mL ImL
30 30 ImL
10 0.4M trichloroacetic acid(T CA) 3mL
30 . 2mL
0.55M sodium carbonate 5mL 3 Folin reagent 3mL
30 30 660nm
1 tyrosine 1mg 1 unit
a - Amylase shoyu modified method
1% 0.2M acetic acid buffer 1ImL 30 5
30 ImL 30 30
0.5M acetic acid 5mL 1/3000N 10mL
700nm . ImL
(blank- ) unit
B -Amylase dinitrosalicylic acid (Miller,1959)
1% 0.016M acetic acid buffer 0.5mL 30 5
30 0.5mL 30 30
dinitrosalicylic acid 1mL . 5
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10mL 540nm
M altose ImL

maltose 1mg lunit

=1:4:1

(total nitrogen content) Kjeltec Auto 1035/1038
system (T ecatorAB, Sweden)
(amino type nitrogen) formal ( , 1998)
dinitrosalicylic acid method(Chaplin and Kennedy, 1986)) ,

pH pH meter(DMP 400) |, tristimulus colorimeter(Croma meter

CR- 300, Minolta)
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1
gel
Lm :
Lg : gel
Lx : gel
Lo : gel gel
Reynolds
number
shear rate  shear stress T able 4-4
Fig. 4-4 6 Newtonian fluid
10 pseudoplastic fluid
14 pseudoplastic fluid
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Table 4-4. Rheological properties of soymilk- coagulate during coagulation process

Coagulation Shear stress at various shear rates (N/m2)
Eln:i) 051(1/s) 1.02(1/s) 204(1/s) 4.08(l/s) 10.2(1l/s) 204(ls)
0 0.10 0.12 0.20 0.51 0.72 1.10
2 0.10 0.15 0.29 0.49 0.88 1.20
4 0.13 0.15 0.33 0.40 0.79 1.98
6 0.20 0.20 0.50 0.61 1.42 1.98
8 0.30 0.51 0.61 1.02 2.35 3.20
10 0.70 0.81 1.61 2.02 3.04 5.86
12 0.93 1.61 2.82 3.22 5.10 6.90
14 1.60 2.00 3.77 5.10 6.83 8.42
16 3.00 1.95 2.45 5.98 5.01 10.50
18 4.00 4.32 6.45 8.81 10.30 12.90
20 512 5.61 5.92 7.24 10.30 12.29
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Fig. 4- 4. Plot of shear stress at various shear rates during coagulation period
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NRe, gen — N (4)

D (m), v (m/s), b (kg/mg)
kgen generalized viscosity coefficient non- New tonian fluid

apparent viscosity (Nes/m?2)

_ S1(3n+ 1"
Ngen = m 8" ( Pl (5)
m n (5)
. Fig. 4-6
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Fig. 4- 6. Generalized viscosity profiles of soy- coagulate during coagulation period
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gel
T able 4-5

Table. 4-5 The resident time of the coagulation periods

Coagglation Elapsed time* (min) Resident time (min)
periods
Mixing 3 4 3 4 (8m)
Gelation 10 11 6 8 (89g)
Agitation 15 4 5 (6x)
Outgoing > 16 (8) > 1 (6o)

* Time elapsed to arrive each coagulation period

acryl tube

5, 10, 15 ° Fig. 4-7
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flow rate (mfsec)

DU I i PN P -

{ ] 10 15 20

Coagulation time (min.)

Fig. 4-7 Velocities of soymilk-coagulate during the coagulation process at

various slopes

koji
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Table 4-6. Experimental data for expansion(ER), water absorption(WAB), and bulk
density(DEN) with different combination of screw speed, moisture

content, barrel temperature and starch content

SP w T ST EXP DEN WAB
1 150 25 150 30 1.29 0.45 170.41
2 250 25 150 30 0.20 0.43 208.82
3 150 35 150 30 1.37 0.46 150.38
4 250 35 150 30 1.51 0.46 169.56
5 200 30 140 20 1.20 0.52 217.46
6 200 30 160 20 1.22 0.49 329.78
7 200 30 140 40 1.65 0.50 168.10
8 200 30 160 40 1.71 0.48 219.34
9 150 30 150 20 1.15 0.53 236.43
10 250 30 150 20 1.15 0.51 254.40
11 150 30 150 40 1.73 0.51 187.44
12 250 30 150 40 1.93 0.52 205.07
13 200 25 140 30 1.17 0.46 183.53
14 200 35 140 30 1.30 0.48 161.98
15 200 25 160 30 1.52 0.47 260.04
16 200 35 160 30 1.50 0.51 179.75
17 150 30 140 30 1.44 0.49 164.37
18 250 30 140 30 131 0.47 174.06
18 150 30 160 30 1.34 0.47 224.67
20 250 30 160 30 1.45 0.48 168.54
21 200 25 150 20 1.21 0.46 355.01
22 200 35 150 20 1.19 0.51 249.01
23 200 25 150 40 1.62 0.50 201.98
24 200 35 150 40 1.69 0.49 224.23
25 200 30 150 30 1.34 0.51 215.02
26 200 30 150 30 1.34 0.51 215.02
27 200 30 150 30 1.34 0.51 215.02
1)

Fig. 4-8 screw , , barrel ,
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T able 4-7

Fareto Graph for Hulreg EXPASMULEEG, Model DESIGH_COPY
Wain Effects on Response YEXP

W: 2% to ﬂE&% f.pe2

Pz 150 to 250

WX omn o

A. aan

1 B2 RA Mk B85 B

I"‘e-":’?'f__,-'r’

Estimated Main Effects

Fig. 4-8. Effect of independent variables on expansion ratio of extruded soy flour

Table 4-7. Optimal conditions of independent variables for maximum expansion ratio

Factor, Response  Range Initial Optimal
or Formula Setting Value

1 Factors

2 5P 158 to 258 pdils 179.85
3w 25 to 35 38 35

b T 148 to 168 158 166

5 ST 28 to 4O a8 99.997
f

7 Responses
B YEXP HAK 1.8155
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2)
barrel screw
: (Fig. 4-9).
, screw 212

rpm, 25 mL/min, barrel 160 , 20% (T able

Pareto Graph For Mulreq EXPIEHULREG, Model DESIGH _COPY
Hain Effects on Response YWAB

[/ = I TR |

8o 188

Estimated Haln EFfects

Fig. 4-9. Effect of independent variables on water absorption of extruded soy flour

Table 4-8. Optimal conditions of independent variables for maximum water absorption

Factor, Hesponse Range Initial Optimal
or Formula setting Value

1 Factors

2 5P 158 to 258 20@ 211.93
3w 25 to 35 an 25.002
7 148 to 168 15@ 168

5 BT 28 to u@ i 28

i

7 Responses

& YDEH 047517
9 YEXRP 1.2812
18 YWAB HAX anf. L
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3)

5%

m atrix

(Fig. 4- 10).

20W K109 L 3 Radky X180

(a) (b)
Fig. 4- 10. Scanning electron photomicrographs of the cross section of the
extrudate: (a) extrudate at optimal expansion ratio, (b) extrudate

at optimal water absorption.
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, Fig. 4-11  Fig. 4-12

protease o -amylase

, B -amylase (Fig.4- 13).
koji protease, a - amylase B -amylase
60 ’ ’
protease B -amylase A. oryzae B. subtilis

, o -amylase B. subtilis

1)
60
(Fig. 4-14).
45
(Fig. 4-15).
protease A. oryzae
B. subtilis
2)
60 B. subtilis
(Fig. 4- 16). 60
amylase
, glucose alcohol
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3) pH
pH

30

ester

deaminase

(1983)

4)

L-value

b-value

(Fig. 4-17).
alcohol alcohol
B. subtilis
amino acid amino acid
pH 42-7.0
T able 4-9
a-value )
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Fig. 4-11. Changes in the protease activity under different conditions during

preparation of Koji
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T able 4-9. Changes in color of soy sauce during aging

15 30 45 60 75
L a b L a b L a b L a b L

a 2492 -045 213 25.16 -0.49 2.32 25.25 -0.55 2.37 25.06 -0.57 254 2485 -
b 2507 -040 3.02 2639 -055 352 2610 -055 369 2572 -056 3.89 2439 -
r 2481 -0.39 254 2520 -0.52 3.22 2471 -0.54 3.30 2449 -049 3.75 25.05 -
ab 2532 -0.67 247 25.37 -0.60 3.60 25.30 -0.85 4.12 2522 -0.92 423 26.12 -
ar 2471 -0.61 3.07 24.52 -0.67 3.65 2432 -0.55 3.86 23.98 -0.49 437 23.96 -
br 2470 -0.44 274 24.79 -0.57 3.15 25.13 -0.60 3.40 2490 -052 3.78 24.04 -
abr 25.00 -0.68 3.39 24.52 -0.67 3.92 2457 -0.69 3.97 2412 -0.60 4.53 23.96 -
ea 25.09 -043 227 25.19 -0.66 3.02 24.67 -0.65 3.27 2435 -0.68 3.65 24.58 -
eb 25.09 -053 252 25.69 -0.47 2.49 26.03 -0.47 2.76 2533 -051 3.16 2559 -
er 25.13 -0.56 295 25.34 -0.50 3.27 2531 -0.53 3.30 2479 -053 2.60 2541 -
eab 2496 -048 294 24.85 -0.59 3.56 24.49 -0.53 3.71 2427 -049 3.90 24.88 -
ear 2467 -041 259 2565 -0.87 369 2481 -056 339 2448 -053 359 2519 -
ebr 2563 -041 1.62 25.78 -0.43 2.13 2555 -0.42 2.23 2530 -041 246 25.08 -
eabr 2492 -052 243 25.04 -0.64 3.18 2489 -0.51 3.25 24.17 -0.49 387 24.46 -
wa 2461 -041 3.44 24.71 -054 358 24.16 -0.46 3.74 2428 -031 4.05 2373 -
whb 25.89 -0.58 4.00 25.16 -0.49 4.03 24.67 -0.40 437 2477 -0.40 464 2474 -
wr 24.76 -0.44 3.13 24.76 -0.47 3.79 24.60 -0.31 4.01 2341 -0.10 4.30 22.60
wab 2463 -048 3.83 24.44 -0.32 3.96 23.99 -0.52 4.26 2397 -030 435 2379 -
war 2480 -049 3.04 24.75 -050 361 2453 -0.45 4.07 2459 -0.38 4.38 2479 -0
wbr 2499 -048 2095 25.06 -0.43 3.38 24.89 -0.39 3.59 2464 -0.34 4.13 2457 -
wabr 2459 -0.38 3.36 24.32 -0.37 3.39 24.10 -0.31 4.12 2395 -0.24 437 2359 0
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1
(Hoover 1995).
, 6%
(Biliaderis  Zawistow ski 1990).
netw ork
(Morris 1990).

- (heat- moisture treatment)
annealing -
( 100 ) , annealing

. Stute(1992)
(Eerlingen 1997, Hoover 1994, Kaw abata 19964,

1986), (Fisher Thompson 1997, Kaw abata 1996b,
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1991, Knutson 1990, Krueger 1987, Seow Teo 1993, Stute 1992),
RV A Viscoamylograph (Jacobs 1996,
Kaw abata 19964, 1986, Stute 1992).

(Hoover 1994, Kaw abata 1996b, Sair 1967),

(Hagiw ara 1992, W ang 1997).

) , emulsion
(Branson Sonicator M anual)
( 1998).
Jackson (1988, 1989)
DM SO ,

(1% )
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(Rizvi and Mittal, 1992; Singh, 1982).

(Sweat and Haugh, 1974).

, , bulk density

mixture

m ethod

(Hooper and Chang, 1953; Dickerson, 1965; Farall at al., 1970; Zuritz et al.,

1989; Ladbury et al., 1990; Pongswatmanit at al., 1993).

line heat source technique
probe method
10 (Barrera and Zaritzky, 1983; Chang, 1986;
Christenson et al.,, 1989; Wang and Kolbe, 1990; Y oon, 1994).

annealing

X-ray ( A ,
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, probe method
mixture method ,

explicit method
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1
3-4
, 4 0.1 N NaOH W aring blender 1
100, 200, 400
40 . 100
(Nx6.25)
0.32% . annealing 0.02% NaN3
( 14% w/w, , Japonica, 1996)
probe glycerol
2.
(DSC)
annealing (M odel

DSC- 120, Seiko Instruments Inc., Kaw asaki, Japan)
enthalpy (Indium) . (3 mg)
1:2 , 30 130 5
annealing . lg 20

mL 45, 50, 55, 60 6 annealing , 400 mL
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G3

. DSC 3
, , A max(
annealing , Schoch (1964a)
annealing 45, 50, 55, 60 1, 6, 24
. A max 100
, 10ml  0.2ml (2% K1 + 0.2% 12)
Milton Roy (USA)
A nnealing 350 g(8%,
) 45, 50, 55, 60 1, 6, 24 annealing
30 3-4
paste chamber 20 paste
4 cm, 2 cm paste
25 1 . Annealing
8, 9, 10%
(Model RTM-500, Oreientec corporation, T okyo,
Japan) 5mm ( ),
( probe ) : probe
25 cm
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probe 100 mm

200 mm . 25 Kgf 8

, (10 g) 200 mL

G 4

a - amylase- (T suge 1990)

. RVA

annealing Rapid Visco Analyzer(RVA

M odel 3D, New port scientific, Sydney, Austrailia)

8% (W /w ), 28 g . 50 1 ,
95 12 , 95 25 , 50 12
, 50 2 . Annealing
2.24 g( )
20 mL , 45, 50, 55, 60
24 annealing . RV A
28 ¢
2 3
micro tip Branson M odel 450
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Sonifier(USA) tip 1 cm

level 5(micro tip

70%, level 7 )
NaN 3
(0.02%)
1)
(swelling pow er) (Schoch 1964a)
, 29 100 mL 85 200 rpm 30
, 015 ,3 ,1 ,3 ,5 7,000
rpm 15
2) (apparent viscosity), (inherent viscosity),

Rapid Visco Analyzer(RVA Model 3D, Newport scientific, Sydney,

A ustrailia) 95 5
A pparent viscosity 0.5 gf( ) 3 mL 27 mL 1%
NaOH small sample adapter(SSA 31/13R)
Brookfield LVDV- 11+ 25 100 rpm (Chung
Seib 1991). Inherent viscosity 1 g( ) 100 mL

100 mL 2 M NaOH , G 1

No. 75 Cannon- Fenske

25 (Myers 1964).
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Schoch (1964b) 95%

3)
150 g(5%), ) 95 5
level 5 0, 5, 10 60 mL 3 50 mL
vial 20 mL 35 ,
25 4
small sample adapter(SSA 31/13R) Brookfield LVDV- I+
50 100 rpm 3 4
a - amylase- (T suge 1990) 4
4
5 g 100 mL
G 4
(NDA-187A, Samsung, Korea)
13, 14, 15, 16, 1.7
14,15, 1.6 ) ,
1)
T-type thermocouple (0.5mm) hybrid recorder
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(HR- 2300, Yokogawa, Japan)

2)

probe powermeter (2533 Digital Power M eter,

Y okogaw a, Japan)

3)
1.3 1.7 105

oven method

4)

mixture method

WC(Ts- TH)= H (T - T+ W,CW(T - T9))
w here
W, T, C represent weight, temperature and specific heat.
H c : heat capacity of the calorimeter

subscripts s, m, w, i represent sample, mixture, water and initial

respectively.
5)

Fig. 5-1

probe sample container
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ty- t
2.3C iR log(-2—2

K= ti- to)
- AINTT

C :

a calibration constant (probe constant) for the particular probe used
i

. electrical current, A

R : electrical resistance of heated source per unit length, Q /m
AT : Temperature rise
tl, t2 : time

tC: time correction factor

Wanlt Stainless steal neada Tefian—covensd Hi-Cr wine

l I l,ﬁ.: Thermooauple junolion firmm

 e— — |{—
= |
A—"-] 214mm
Teflan lid = 232
250
< e >

(a) Schematic of thermal conductivity probe

|4

(b) Schematic of sample container

Fig. 5-1. The structure of the thermal conductivity probe and container for

measurement of thermal conductivity of cooked rice.
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Fig. 5-2

Thermocouples

Fowermeter
; - Hy brid
recorder
Powear supply

b1

Temparalure contraller M

l ! ?
1 'S
L )
Haatar 5 e
PC
Sample container
ater bath

Cooked
rice

h 4

Fig. 5- 2. Experimental apparatus for measuring thermal conductivity of cooked rice.

6)

Fig. 5-3

- Vertical cylinder at air(in natural convection)
hc = 1.37(A T /L )V4 104 < Gr.Pr < 109

he = 1.24(A T /L )¥4 109 < Gr.Pr < 1012
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Thermocouples Hybrid recorder

kY Cooke-Tice

GPIB

i

L.
o
T
]

T

I

Surface I
Stainless steel pipe

Fig. 5-3. Schematic diagram of the temperature measurement system for the

cylindrical cooked rice.
. Programming

C language Lab

Windows/CVI 4.01
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1. (annealing)
(DSC)
DSC (To) 52 , (Tp)
66.5 (Tc) 855 Tc-To 335
(T able 5-1).
Table 5-1. Annealing (6 ) DSC a
A””e‘z‘””)g Ta( ) Te( ) Td( ) AHKmMImg) TeTd )
Native 52.0+ 0.6 66.5+ 0.2 855+ 0.5 7.1+ 0.6 335
45 559+ 0.2 659+ 0.3 857+ 0.8 10.0+ 0.2 29.8
50 594+ 0.1 66.7+ 0.0 850+ 0.3 10.0+ 0.3 25.6
55 62.8+ 0.5 688+ 0.1 846+ 0.7 10.4+ 04 21.8
60 66.3+ 0.1 71.8+ 02 832+ 04 8.9+ 0.3 16.9
LSD(G 0.7 0.2 10 0.7 -
&3 +
kT = (Onset temperature),
Tr= (Peak temperature),
T (Complete temperature),
AH=
A nnealing , To
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annealing

45, 50, 55
, annealing

. 60

(1997) annealing

. Annealing
A nnealing

5-2

annealing

60

169

annealing
Stute(1992)
50
annealing
(A H)
. Jacobs (1995) annealing ,
. Krueger (1987) annealing
, Stute(1992) W ang
sago
, , A max ( )
Fig. 5-4 T able



T able 5-2. Annealing

Annealing

« . - . hr) (%)

Native 15.92 15.37

. 6 14.83 14.06
45 24 14.50 13.09
50 - 6 13.76 11.92
50 - 24 12.62 10.89
55 - 1 12.94 12.71
55 - 6 11.84 11.33
55 - 24 11.29 10.50
60 - 1 11.02 11.74
60 - 6 10.27 10.68
60 - 24 9.90 9.89
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Swelling Power

9 T T T L
0 5 10 15 20 25

Annealing Time (hr)

Fig. 5-4 552 E9) annealing <59 A|e) o sjgedo] ws}
@ 45T, O 50T, ¥; 55T, V; 60T

Aegex7t 3718+ E P2YL LA ey AL ddxx: Fade
3 FAG. 53 BEHL AT 6ANLAd FF3 FAdgen aFdEe
%G dolAe A=A AAEY FEHL 15920 L9 45CAME 6A3
T7F 14.83, 24N F7} 145001 A%, 55T & 1A F71 1294, 6A1% +
7t 11.84, 24241 Fo M= 11299 Y. 60CIME 1AL F7F 11.02, 643 F
7k 10.27, 24X ¢ F7F 9.900] U .

fdcx BN FAY AFE B9 FAA(Fig. 5-59 Table 5-2). 4
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15.37% , 45 6 14.06%, 24

13.09% , 55 1 12.71%, 6 11.33%, 24
10.50% . 60 1 11.74%, 6 10.68%, 24
9.89% . annealing

646 nm 653 nm

(T able 5-3). annealing

annealing
. Eerlingen (1997) annealing
(1)
» (2)
. (3)
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Table 5-3. A max( ) of solubles

Annealing
( , i . hr) A max (nhm)
Native 649
45 - 6 643
- 24 648

50 - 6 653
S0\ 24 651

647
55 - 6 647
55 - 24 647
60 - 1 647
60 - 6 647
60 -24 646
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17
16 -

[+
15 -
14 -

13 A

% Solubles

12
11

10

9 T I L] 1
0 5 10 156 20 25

Annealing Time (hr)
Fig. 5-5. ¥ 53 %9 annealing 2xX%} A7t wa S0 W

@®; 45T, O; 0T, ¥; 55T, V; 60T

o, Annealing® =FAE B9} B4 k3=

Table 5-4= A AEH annealing?d AE¥ A9 5mm AoldAN9 EARE
BEZZ (Aol AA d9 ZE), FEQN(FHAARANY HAo)E YelulA.

Annealing® & 2F HALEY Z2AY & EFAAEE 244, 29
Y 383z 800 Aegzdd o gxd.

AE A9 84L& AEY H&Ysh §£5¢d 24 " g8 & Ao, o
Ut A2 FEE AEYo) 829 olV2 Q29 matrixel FHEH Y45
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T able 5-4. Annealing a
Annealing 5 mm
C - hr) (Kgdf) (Kgdf) (mm)
Native (8%) 0.084+ 0.006 1.24+ 0.06 14.8+ 0.4
45 - 6 0.084+ 0.004 1.32+ 0.11 14.9+ 0.5
45 - 24 0.088+ 0.004 1.45+ 0.09 14.8+ 0.2
50 - 1 0.097+ 0.008 1.41+ 0.07 145+ 0.3
50 - 6 0.087+ 0.003 1.48+ 0.04 15.1+ 0.4
50 - 24 0.102+ 0.004 1.56+ 0.06 14.8+ 0.4
5 -1 0.112+ 0.007 152+ 0.12 146+ 0.4
55 - 6 0.113+ 0.004 1.42+ 0.04 14.6+ 0.3
55 - 24 0.119+ 0.009 1.38+ 0.06 14.1+ 0.4
60 - 1 0.120+ 0.007 1.02+ 0.07 13.0+ 0.3
60 - 6 0.118+ 0.006 1.03+ 0.05 13.3+ 0.3
60 - 24 0.124+ 0.004 0.91+ 0.07 12.8+ 0.3
Native (9%) 0.102+ 0.008 1.40+ 0.10 13.8+ 0.3
Native (10%) 0.135+ 0.011 1.31+ 0.07 12.8+ 0.3
LSDC(G5 0.006 0.08 0.4
a7 +
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(Fig.
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(Fig. 5- 6)
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5- 4)
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-0.79
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8% . 12,5

(Eerlingen 1997).

12.5
12.5 (annealing )
12.5 (annealing
) 1
(Eerlingen 1997)
(
probe (20 mm
Annealing
A nnealing (8%) 9% 10%
(T able 5-4), 50 -24 55
9% 10%
annealing
5-5),
annealing (100-

180

probe

12.8mm )

(T able

)



. Hagiw ara (1992) W ang (1997) annealing
a - amylase

annealing
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Table 5-5. Annealing a (25 1

( An,nealit\g - (%)
Native (8%) 734 + 06
45 - 6 721 £ 05
45 - 24 740 £ 0.7
5 -1 715+ 16
50 - 6 743 + 30
50 - 24 743 £ 25
5 -1 721 £+ 04
55 - 6 747 £ 14
55 - 24 745 £ 29
60 - 1 740 £ 14
60 - 6 76.0 £ 1.0
60 -24 736 £ 0.7
Native (9%) 721 + 06
Native (10%) 721 £ 0.1

LSDG5 2.1

4 +
. RVA
A nnealing
(T able 5-6). 45 50 annealing
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. 55 60 annealing

. 50 ( )
(r=0.99)
Table 5-6. Annealing (24 ) (8%) RVA a
Annealing Pasting Peak Peak Breakdownb Setbackc
() temp.( ) time(min) (RVU) (RVU) (RVU) (RVU)
Native  71.9+ 0.2 49+ 01 249+ 1 260+ 5 64+ 1 75+ 4
45 736+ 05 48+ 00 251+ 3 303+ 2 37+ 5 89+ 7

50 754+ 05 50+ 0.1 245+ 5 342+ 15 21+ 5 118+ 15

55 78.4+ 0.6 -d - 312+ 13 - -
60 80.4+ 0.7 - - 194+ 6 - -
LSDCG 11 0.1 8 22 10 24

&2 3 +
kBreak dow n=peak - holding strength (min. viscosity appeared after peak).
cSetback= - holding strength.

cNot found in RVA.
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95

0.5

0.5

3 ,10
T able 5-7
level 5 10
10 g, 5%
1 m altese cross ,
sol
1
B ’
( 1995).

185



Table 5-7. a
1
() () ()

0 0 10 X
0 1 10 X
05 1 9.5 X

1 @)
3 1 @)
10 1 O
0 0 10 X
0 1 10 X
05 1 9.5 X

1 @)
3 1 @)
10 1 @)
0 0 10 X
0 1 10 X
05 1 9.5 X

1 X
3 1 @)
10 1 O

e 10g(5%, w/w) 95 level 5

Maltese cross
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level 1, 3, 5

T able 5-8
10 ( 5 )
95 10 g, 5%
T able 5- 8. a
1
() () ()
5 1 5
5 1 5
5 1 5
e 10g(5%, w/w) 95 level 5
T able 5-9
10 ( 5 ), 9%
10 g
(7% )
tip
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T able 5-9.

(%)

(

)
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1997).

Jackson (1989)

30

(Morris 1990, T sai

T able 5-10

. T able 5-7
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T able 5-10.

a
(9)
()

20.47 15.18

0.25 2355 13.86
05 18.08 13.79
1 9.16 1350
3 1.30 9.84
5 1.05 6.28

o
1l
o

(apparent viscosity),

(inherent viscosity),

(Wurzburg 1986).

. Chung  Seib(1991)

T able 5-11
(acid thinning) 75
952 522
(DP)
show n),
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(Data not



(Jackson 1988)
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Table 5- 11. (apparent viscosity)

(inherent viscosity) a
Apparent viscosityb Inherent viscosityc d
() in 1% NaOH(cp) in 1 M NaOH(dL/g) (%)

0 81.6 2.92 6.85 a
1 46.7 2.14 6.98 a
3 19.7 1.59 6.78 a
5 13.3 1.35 6.81 a
0 422 2.74 350 a
1 12.3 2.28 365 a
3 8.4 1.60 349 a
5 6.9 1.30 322 b
0 59.6 1.85 512 a
1 36.9 1.24 475 b
3 14.3 1.03 490 &b
5 10.1 0.88 479 b

e =5

tSmall sample adapter Brookfield LVDV- I+ 100rpm

(No. 75 Cannon- Fenske capillary

(Means with same letters in a column are not significantly different at a =0.05.
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(T able 5-12) 4
5
10
Table 5- 12. &b
(cp)
()
1 1 2 4
5 219 144 104 75
10 113 88 71 46
5 152 78 58 42
10 127 96 76 58
5 260 364 356 221
10 63 61 56 47
e small sample adapter Brookfield 100rpm(300cp
) 50rpm(300cp ) 35 .
k =5
0, 5, 10 4
T able 5-13
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(4

T able 5-13. &b
() O o0
0 1 2 4

25 0 924 a 560b 527c 457¢c
937a 714a 556b 692a

10 937a 686b 668a 656Db

0 976 a 896 ¢ 894 c 92.7 a

5 9%53b 922b 935b 871b

10 96.7 &b 945a 954 a 938 a

0 9.1a 841la 829a 833a

5 93 a 830¢ed 84la 808D

10 96a 823b 809b 790D

4 0 914 a 572a 530b 5430b
5 93.7a 587a 587a 586a

10 937a 557a 549d@ 5450b

0 976a 849b 805b 7290b

5 9%53b 88l1la 882a 852a

10 9%6.7 & 901a 876a 853a

0 9.1a 695b 672a 703a

5 93a 729a 696a 649 &

10 96a 731a 671a 6400b

éMeans with same letters in a column are not significantly different at a =0.05.

k = 5.
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Fig. 5-13. Change of moisture contents of cooked rice at various ratios of water to

rice.
(Min et al.,, 1994),
) , . 60
62% 1.35 1.45, 1.45 1,55, 6
2 64% 1.35 1.45, 64 66%
Fig. 5- 14 . 60
66% 2.92 to 3.26 kJ/kg
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Fig. 5- 14. Relationship between specific heat and moisture content of cooked rice.
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Fig. 5-17. Effect of temperature and bulk density on the thermal conductivity of

cooked rice at Jinbob.
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Fig. 5-18. Notation used to discretized cylinder of cooked rice block for

two-dimensional model.
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+ t 1
Tots Npe e 1
! Ci,j( L I:em+ L Rm-
1 1
+ T 71X R + TP X R )+ (1-

Ci.
where ~t Z—ZW
ij

T able 5-14

for stability(§ )
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T able 5- 14. Nodal resistances with different volume elements using capacitance

surface nodes for two- dimensional cylinder

Type | node (s) Nodal resistances T emperatures
o Nz
EEU R
i:1 Rm+ “r
J:]- 1 T| 1J:Ti+1,J
——— =0
A R
T, =T
N2 ij- 1 oo
1 (72 ) xuxk
Ry, Nz
oo (Ve
n- 2
o Nz
1 (ri+ 5 ) X g < kX 2
i=2..1- 1 R “r
j=1
o Nz
B 1 (e ke T i1 Te
R - r
1 rixX S X xk
Ry, Nz
1= h><2><R><xL><—“2Zf
i=
= N Nz
j=1 1 (ri- 57 )x Wk 3 o
C Ru. N - Tin= Te
Tiio1=Te
NG (I SRR e
R,, W
1 2_ - N2
R = (i (1= p=)7)ch
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Type

node (s)

Nodal resistances

T emperatures

(-3-) < Wk Tz

LS R

=T s

Nz

1 (ri+ Nzr’)xiﬁ’XkX“Z

Rm+ “r

1 (ri- *gr*)xkaxnz

R r

1 X xexk
R+ Nz

1 rixX S X N9 xk
n Nz
— = hX2XRX¥Xx\z

1 (ri- *gr*)xkaxnz

Tivyj= To
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Type | node (s) Nodal resistances T emperatures
N Nz
TS RE N
i:l R+ r
j=J
717— O
G Ru. Tij+1= Tea
ﬁ17_ (7Q2r7)2><“_><h
L Yy 2wk
R, = Nz
1 (r+ 1—)><:\<v><k><f“227
i=2.1- 1 Rin+ M
j=J
o Nz
H I A S T o= T
R N
1 _
R* rixXsr x¢xh
1 X XS XK
R,. ~ Nz
_1 _ Nz
R.. - h X 2XR>x¥x 5
i=l
=] A\ Nz
J e (ri- -5 ) X gk x 2 Tiy=Ta
Rum. ~r '
T..,.=T
717_ 2 7“[ 2 ij+ 1 ]
R. - (ri- (ri- -5-)7)x¥%xh
N2
717_ (rl- (rl- 2 ))X“‘Xk
Ro. Nz
_ _R . _ L . _
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temperature
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host computer

host computer
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, one- chip microcomputer

one chip microcomputer programmable
controller , 1 board
( , 1997). TMS73C161

monitoring computer

one- chip microcomputer

Inaba(1989) CA

microcomputer system . Jurado M ohseni(1992) lauter tub
runoff diffential pressure sensors

programmable controller M C68HC11A 8P microcontroller (M otorola )

T M S370C758b(T exas Instruments )

7 seg. LED
LCD
monitoring computer )

thermocouple LCD
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A spergillus oryzae

(tray) (Aidoo, 1982), (port)

(Underkofler, 1947), (Arima, 1964)
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PLC one

chip microcomputer
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. Microcontroller chip

(T exas Instrument )

T able 6- 1.

one chip microcomputer

T M S370C758b

6-1

Important features of T M S370C758b

Memory (bytes)

Input/output (pin)

Special devices

RAM 1K
EEPROM 256K
EPROM 32K

Input 11
Output 1

Bidirectional 46

Analog-to-D
Converter

(8 bits, 8 channels)

Serial peripheral interface

Serial commu

interface

2 programmable timer

3 external interrupt

6 internal interrrupts

igital

nication

S
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Table 6-2. Important features of TM S370C758

Memory (bytes) | Input/output (pin) Special devices
Input 11
RAM 1K Analog-to-Digital
Output 1
EEPROM 256K Converter
Bidirectional 46
EPROM 32K (8 bits, 8 channels)

Serial peripheral interface
Serial communication
interface

2 programmable timer

3 external interrupts

6 internal interrrupts

controller host computer RS- 232C level driver
M A X232 . Channel multiplexing chip D G507A
(M axim ) . 8 channel multiplexing
+ 4.5V + 18V . Switching time 0.6
T hermocouple AD595(Analog Device )
ice point K type thermocouple
10mV/ °C +5V
0 300 (x 1°C) . Analog switch

A DG201A (Analog Device ) , voltage source driver UDN 2981, relay

30825F (M atsushita )
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20 character x 2 line text mode LCD module

(UC-20212- SLATO-H, )

1) Sensor

sensor K type thermocouple( )

sensor hybrid (SY-HS- 200, )

2) program

program TM S370 EVM board CDT 370
Computer . , target board
emulator cable piggy back program

3) Power supply
T arget board (5v, 12v, -5V, GND)

power supply (MM C50-3,JAPAN)

A spergillus oryzae ( )

CPU
CPU T exas Instrument one chip

microcomputer TMS73C161
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M C6850, M A X232, multiplexer ADG506A, LED

12V Driver UDN2981, ground sink KA 2657
1) sensor
thermistor(1k3,- 20 60 , £ 05 :( ) )
hybrid (990 2940mV ,30%
90% ,+ 1%, SY-HS-200, ( ) )
analog Analog- digital CPU
8- bit ADC
2)
) (1) PCB
3) controller box
controller box . 6- 3 Circuit
breaker , M/C , EOCR
, Noise filter , OLR , CIP
. EOCR D-TIME Q-TIME
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31.25

(T2),

Table 6- 3. The electrical part used for controller Box

Name (abbreviation) Specifications Quantity
Circuits .
breaker (CB) 220V, 5A; ABS33 1

M agnetic :
contact(M C) 220V, 13A; CH3 10
Electric over 3 30A; SS,

circuit D-TIME:5 30sec 6
relay (EOCR) Q-TIME:1 10sec

Noise filter(NF) A C220V ,6A; TDK 1
Over load 0.1 13A 2 bimetal type; 8
relay (OLR) TH-3N

Circuit protect(CP) | 5A; GCP- 32A 1

DC 3.8mA, AC 5mA;
Relay (RLY) M Y 4N 7
125 (5mx 2.5m)

(5mx 2.5mx 2.5m)

( 65cmx 45cmx 8cm) 5

3 2 (T1), 3
4 (T3)
1.8m 2 (T4,T5)

im 1 (H)
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Cotton cloth cover ]

Fig.

software

bread board

o
F
g
3
£
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Thermister
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LEARAREI I,

6- 2 The installation of temperature sensors in Kaji boxes

Microcontroller

OrCAD Capture ,

test test board

noise wrapping
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. Test board TMS370 EVM board CDT 370

1)
T hermocouple A D595
OPO7 . TM S370C758 ADC
channel
analog multiplexer analog switch 24 sensor ,
. Thermocouple probe
2) sensor
30 90% RH DC 1
3V
program
program Texas Instrument one chip
microcomputer program EVM CDT 370
EPROM program . TM S370C758b OT P(one time
programmable) SE370C758b
PCB
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OrCAD™ Capture schematic OrCAD™ Layout plus

PCB file , PCB
GND
PCB file
board
A spergillus oryzae
16kg , 2 3 (06 /1 )
40 5 3.2kg
25 50%
N’
3 2 35
i
computer
thermistor
Op-amp TMS73C161 8bit ADC 256
(1.5kwW) 2
on/off
990 2940mV hybrid
analog TMS73C161 8hit ADC
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256

(42w, GH- 600U)
on/off
on- line monitoring
10 v 1, 2,
3, 4, 5, ,
relay ) ,
, , relay #1, relay #2
on-line monitoring
T exas

Instrument one chip microcomputer program

EVM board(Young Tec. Co.) IBM PC
XTALK EPROM

piggy back
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M onitoring
on-line monitoring
borland TurBo C++ 3.0

24 pull-down menu
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microcontroller

microcontroller

TMS370C758bFNT

1) Erasable program memory

softw are

(erasable memory)

EPROM (Erasable programmable read only memory)

microcontroller . one- chip
microcomputer memory
T exas Instrument T M S370C758b 32kbyte
EPROM

2) timer
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timer

T M S370C758b 2 programmable timer

3) ADC(Analog- to- Digital Converter)

analog data
ADC
4 ADC . T M S370C758b 8
channel
4) port
port chip . 30
port T M S370C758b I/O port 32
, port /0
, /O
5) (serial communication interface)
host computer
on-line monitoring
protocol
serial interface . T M S370C758b chip
156kbps SCI(Serial Communication
Interface) 2.5M bps SPI(Serial Peripheral
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Interface) . SCI interface

master/slave M CU ,

interface

6)

. TM S370C758b package

TM S370C758bFNT

0 105

7)

microcontroller

, chip
T M S370C758b T exas instrument
T M S370
1) TMS370C758b
MCU T M S370C758b

TMS370C758b  port pin
10 7

module 11 . data

232

, SPI
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scan

thermocouple  multiplexing 4 . 3 multiplexing
data , data latching . Analog
ADC 4 , thermocouple
burn- out 3 AD595
. RS-232C protocol SCI input

AN7 . Slave MPU

SPI

T2 D 3 . , key )
buzzer
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Table 6-4. The port assignment for the food machinery controller

Port /O Type Function
Relay control
AO A7 0] Relay control
Ccé C7 0] LCD data & key scan
BO B7 /0O LCD-RS
Co @] LCD-R/W
C1 @] LCD-E
C2 @] Buzzer output
C3 o Latching analog switch
C4 0] M ultiplexing thermocouples
DO D2 0] Detection of power failure
D3 I Key scan signal
D4 I A nalog input from
ANO I thermocouples
AN1 AN3 I Alalog input from external
AN4 | sources
ANS I ADb595 alarm_1
ANG I A D595 alarm_2
AN7 I A D595 alarm_3
SCIT XD @] CTS at SCI
SCIRXD | TXD at SCI
SCICLK @] RXD at SCI
T1 timer X DTR at SCI
Real time clock
SPISOM I @] _
Interfacing to slave M CU
SPISIMO | _ _
or peripheral devices
SPICLK @]
D5 D7 o
T2AIC1/CR o Interfacing to the external
T2AI1C2/PW o modules for motor
M control
o
T2AEVT
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2)

24
ADC 24
analog multiplexer analog switch . 24
analog analog multiplexer ADC
sensor K type
thermocouple linearization A D595C
overload , 0 300 1 10mV
, =1 A nalog multiplexer
DG507A 8 differential multiplexing
switching time 0.6 . DG507A A D595C
D G507A
A D595C 8 thermocouple 3
24 Fig. 6-3
DG507A A D595C 1 module
T hermocouple +/- connector CON22 SA# SB#
D G507A
analog A D595C -IN pin pin 9 Vo
+ALM pin thermocouple
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Fig. 6-3 The Circuit of the module for temperature measurement

(a) Multiplexing & signal processing

(b) The connectors for thermocouples
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T M S370C758b ADC 8 bit . Reference voltage

ov 5V digital 19.61mV
0 100 0 1000mV . 05
1.961x 2
OPO7CP Fig. 6- 4
gain R4 (R4+R5) R5 10k
gain
Voo
o
N U3
. — 3
Signal Ingut -— -
et ; \ 6 _ [ signal Output
R OPOTCE
1k ad
1 RS
38K

Fig. 6-4 The Circuit of signal processing for the module of temperature

measurement
Gain 3.92 R4 R5 1 , 2.92
, osiloscope R5
Fig. 6-5 thermocouple A D595
analog switching
analog switch , ADG201A

0.5nA
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switching

port latch

ADG201A

DG507A invertor
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Fig. 6-5 The Circuit for selection of the module of temperature measurement
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AN1, AN2, AN3 analog

connector
AN port
GND
)
Fig. 6-6
2 line text mode LCD . LCD
(R3) V ss . 8bits

push- button switch

push- button switch

Schimit trigger

data bus

T M S370C758b

GND

20 character

Vo

chattering
s cn ooz oS
i - _ (] :___J []omer (]
.d | ..-,-.- i 1
i i k
i e W WL WL *:-M i Wi
[
i A L S L L
| l

Fig. 6-6 Circuit of the LCD display and key scan for

controller
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(20) DC 5V, 12v DC -5V

-5V voltage regulator
LM 7905 . MCU battery
M A X690
battery PFO
High Low . MCU port

241



WLADL I

all
RN
A - WA : 1 N
£ H x
& [=
= H - 1 = Jnome
OH0 o l . - -
ad
| 4& ol 0EHN
P81 M 2 o pOLD e
&l |_Lu ¥ - o & l_ur._ J._v
Ty B : 7 Lno L : 3
. smon &
AL 20 WO h

YRR T 4

STNPOW

Jamog

Fig. 6-7 The Circuit of power supply for the food machine controller
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Fig. 6-8 The Circuit for the battery backup for the food machine controller

)
Relay (20) PCB
10 relay spack killer
interfacing
relay LED
LED volatge source driver UDNZ2981
LED . Fig. 6-9
. CON10 relay connector D10 D19 relay

pilot lamp
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Fig. 6-10 T M S370C758b SCI module serial data
M A X232 RS-232C PC
interface . RS-232C
, 9600bps

244



SDICLE
SIRED
ECITHD
AT
Woo

4 wF

:5;':5

[r

e U=

5 N BT
= i o= ——
R R =

..|H|._
i

&
|

ufr

o

*
&

e
J:

!

I
\?&“$“$6$“$*£;06L6L6L*$*$

e Lall] TR | T DTR

el e B
5 O Tim =

G
|

:
e
e

il

T A7H R20LT
b I BoITaL b O

5T B b =

| i

.;||_

CONMORIS
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) interfacing
interface . D5
D7 T2 timer port T2AI1C1, T2AIC2, T2AEVT
T2 timer PW M
PWM . SCI port

SCISIM O, SCISOMI, SCICLK

M CU interface

2.5M bps

. PCB
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DIP IC pin pad 62mil , 38miil
grid via grid 50miil grid 100miil

12 miil

Table 6-5. The specification of the PCB for the food machine controller

[tems Value(mil)
Pad diameter in DIP IC pin 62
Diameter of drill hole 38
Routing grid 50
Via grid 50
Batch grid 100
Wire interval 12
PCB Fig. 6-11 . LCD
LCD key
T hermocouple connector probe 1 8
noise noise
B copper pour GND
Fig. 6-9
MCU . MCU
M CU
key scan , , interface
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Fig. 6-11 Assembly layout of the components for the PCB of food machine
controller
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PCB through board . PCB

A, B
1)
routine subroutine
LCD
subroutine subroutine
Table 6-6
subroutine
, actuator ,
, Subroutine
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Table 6-6. Description of subroutines
( (A) = the content of register A of the MCU )

Subroutines

Description

Initialize:
FunctionSet:
DisplayOn:
DisplayClear:
EntryM ode:
InstructionSet:
H15miliDelay:
H4_1miliDelay:

H100microDelay:

H40microDelay
CheckBF:
DataSend:

StringDisplay:

Initialize the LCD

Set the function of the LCD

Turn the LCD on

Clear the LCD

Set the entry mode of the LCD
Send (A) as an instruction data
Delay time for 15

Delay time for 4.1

Delay time for 100

Delay time for 40

Check the busy flag of the LCD
Send (A) to DD RAM of the LCD
Send a string to DD RAM of the

LCD

DisplayData: Display data to the LCD
DspTime: Display time- of-day to the LCD
KeyScan: Key scan
2)
Fig. 6-13
M CU system ,
, LCD
interrupt
system configuration register
, on-line monitoring RS- 232C protocol transmit
EEPROM

interrupt service routine
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Sy'ﬂl:m
configuration

v

Memory initialize

v

Port initialize

;

T1 timer initialize

’

SC11 imitialize

:

Stack initialize

PR

LCD initialize

L 4

Fig.

Enable INT

Time-of-day
clock

,

Call key scan
subroutine

v

Check system
register

Call display
subroutine

v

Serial transmit

Power failure
detect

ADC INT
Rervice
routing

.

ADC1 initialize

=

v

Data

aciuisition

Write to EEPROM

I

Fig. 6- 12 Flowchart of the operating program for food machine controller

3)

4 ADC . ANO

, AN1 :
Fig. 6- 13

Fig. 6- 14, Fig. 6- 15 ANO
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thermocouple 8
24 , AN1,

AN2, AN3 8

ADCHANL <0
TEMPCH <0
TEMPMUX « 0
TEMPMUL 8
APNTR < 0
THTMPLO < 0
THTMPHI «— 0

F
MUXPORT < TEMPMUX

v

ADLATCH - 1 |

L J
Start Sampling
Start Conversion

Fig. 6-13 Flowchart of the initialization procedure for analog-to-digital
conversion
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THTMPHI:THTMPLO «

ADCHNL=27?
ADDATA

THTMPHL:TRTMPLO « l
ADDATA . TEMPMUL<TEMPMUL -1

y

TEMPMUL — TEMPMUL — 1 @
@ ATABLE] «

THTMPHI:THTMPLO / 8
TEMPMUL « 8 l
l INC ADCHNL
*ATABLEO[APNTR] <
THTMPHI: THTMPLO /8 - f
INC A{’NTR

Fig. 6-14 Flowchart of the data aquisition program using on-chip ADC
(continued)
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APNTR=24"?

THTMPHI:THTMPLO« ADDATA

APNTR « 0

v

INC TEMPMUX 1-—,

INC TEMPCH

TEMPMUL < TEMPMUL -1

THTMPHI: THTMPLO /8

ATABLE2 «

=4
ADCHNL « 0

I—b MUXPORT < TEMPCH

TEMPCH=3?

TEMPCH « 0

!

INC ADCHNL

v

ADLATCH « 1

!

5 MUXPORT « TEMPMUX

v

()—

Start Sampling
Start Conversion

Fig. 6-15 Flowchart of the data aquisition program using on-chip ADC
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ADC1 real time control

. ADC1
interrupt . ADC1
16 ISR(interrupt service routine)

key scan subroutine
1 LCD subroutine

interrupt

v

IMNC MIN

Call KeySean

!

CLR SEC

| INC SEC
¢ INC HOUR
Call DisplayData l
CLR MIN
ol sec 7 - R— !
P END

0.1

60

0.1

Fig. 6-16 Flowchart of interrupt service routine for the real time clock

5) LCD
Display routine , '

subroutine
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. Fig. 17 subroutine
. Initialize LCD routine , FunctionSet LCD
routine, DisplayOn LCD diplay routine, DisplayClear
LCD routine, EntryM ode LCD
routine subroutine
subroutine DisplayLogo routine logol
. Display display register
, data LCD
< LCD imitialize e Display
¢ subroutines
Call Initialize ¢
Call FunctionSei Call Displm‘&'ut
Call DisplayOn -
Call DisplayClear r
Call EntryMode DisplayData
Call DisplayLoge
Call DisplaySet
Fig. 6-17 Flowchart of the display routine
6)
key key scan data port 8
H key scan port

push- button

triggering
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routine valid register

Remove triggering

A

| Set register

| Set register

Fig. 6-18 Flowchart of key scan routine

7)
routine . on-line monitoring
PC , PC remote control
data . PC
. Remote control
routine SCI1 RxD interrupt service routine
. PC data interrupt , ISR data
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<

Previous

Check registers of data to send

8)

failure

!

Send data

SCI1 Rxd INT
wervice routinge

¥

Receive daia

Set register

as local mode

Set register as
remote mode

v

Go to Remoeon

Fig. 6-19 Flowchart of the communication routine

Battery backup routine

battery(NiCd 4.8V)

. Battery

MCU idle

pow er failure
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. Main routine

IDLE

T1 timer
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1)

Previous

Check PFO of MAXG20

Disable ADC INT
Disable SCI1 INT

Call EEPRO
I

| Halt sytem |

Fig. 6-20 Flowchart for the countermeasure program of power failure

258



(20 )

10
1 500kg
2)
27 90%
35
(1,500 W) radiator 2 (
3000W) thermostat relay . (42 W,
GH-600U)
10
3)
Fig. 6-21 : 20
2 3
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barley
!

[ washing

soaking

steaming

culturing

|

Koji

Fig. 6- 21 Koji making

inoculation

procedure
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system

(D) PCB
relay
Fig. 6-22
monitoring computer
relay 2 relay
One chip microcomputer controller
PCB board
board relay board heater, , fan
magnetic contact
5
. - Koji Room
[ ]| |leater
g— 5232 | 2nd ORiOft |
I_:l'—"—'—' Corfroller . Hurnidifiar
i Fatay Corral |
Monitoring 5 T | - Fan
ompater R

Fig. 6- 22 The structure of overall Kgji making system
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1)

monitoring
computer hardw are
one chip micom CPU
port register
routine A/D
conversion routine control routine main routine
display, key response, communication routine subroutine

timer switch

actuator , , ,
monitoring computer
, relay on/off,
timer switch
scheduler
display
key . 7-segment LED 7

, , ) , relay on/off

7-segment LED
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TMS73C161 port

dynamic display

‘Lo’

dynamic display
key

routine

Hir

display routine

routine
RAM 2byte
'"RELAY1'", '"RELAY?2 16bit 10 relay
. monitoring computer relay
relay port
'"RELAY 1 'RELAY 2 relay on/off
monitoring computer
relay ,
monitoring computer 15 timer switch scheduler
scheduler
monitoring computer
3 interrupt routine
subprogram routine
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dip- switch

routine
2)
) routine
'RESET"
TMS73C161
stack pointer
. port 0
interrupt real time prescaler
value . monitoring
computer
program monitoring computer
) routine
M onitoring computer
1 byte header
, tag
( , , )
relay
Data Data
%>FF |, %>FE . 10
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relay ,
, ) , 'RELAY1', '"RELAYZ2
on-line monitoring . Fig
6- 23 1 byte
Fig. 6- 24 routine  flow chart routine
A
Header Data T ag

hour| min| [sec| |tmpl| |[tmp2| tmp3 | |tmp4 | tmp5 | |photo| |humd 80

(1) normally every 10 second

Header Data T ag

' multi- temp. photo humidity ' '

FE _ _ _ _ RELAY 1 |RELAYZ2|| 80
selective| | setting | | setting setting

(2) after setting value or relay changing

Fig. 6-23 The structure of communication data from controller to
monitoring computer ( O : denotes 1 byte allocation )
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Header Data T ag

FC "0 80

( ) fog start signal

Header Data T ag

FD relay #1 relay #2 80

( ) after relay changing

Header Data T ag

temp. humidity photo

FE . . .
setting | | setting setting

80

( ) after sensor setting value changing

Fig. 6-24 The structure of communication data from monitoring computer to
controller (O : denotes 1 byte allocation)

) Routine
Data routine monitoring computer data
header srelay

monitoring computer

data . header %>FE
sensor 'STEMP', 'SHU',
'SPH' , %>FD relay
'"RELAY 1 '"RELAY 2 , %>FC ‘0’
OLDSET 0
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monitoring computer

Fig. 6-24
3) monitoring computer
)
host computer
computer

computer ,
, timer switch scheduler

key board softw are

7-segment LED

relay on/off

relay .
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3 “Communication Failure"
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Fig. 6- 25 The screen display on monitor of monitoring computer

M onitoring computer C Fig.

6- 26 monitoring
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Fig. 6-26 The graphical display of the process variables acquired from thermistors

and humidity sensor.
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Fig. 6- 26
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) relay
Fig. 6-27 monitoring computer relay
Home/End key relay
INS/DEL key relay on/off space key toggle
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Fig. 6-27 The screen display at monitoring computer showing the remote changing of
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Fig. 6-28 monitoring computer
Up-arrow/Down-arrow key
‘ENTER' key "ESC' key

. "PGDN' key

monitoring computer

relay

M onitoring computer

3 “Communication

Failure"
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Fig. 6-29 The graphic scheduler for the timer switch of Koji process controller
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Table 6-7 The operation data of Koji culturing procedure

operation time operation remark
Ist day 09:30| steaming of barley steam at 0.6
kgt
10:15 | curing
10:30 | mixing and cooling at 30C
13:00 | inoculation of seed 34 ¢
13:33 | installation of thermistor in 2nd, 3rd and
Koji boxes 4th  box
13:40 | setting temperature at 28°C and
humidity at 70% RH
17:10 | covering of the wet cotton] preventing
cloth on Koii boxes from drying
2nd day 07:40 ! 1lst re-stacking Koiji boxes
17:15 | 2nd re-stacking Koji boxes
3rd day 08:30 ! 3rd re-stacking Koji boxes
10:30 | finish and dry
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Fig. 6-30 The temperature and humidity profile of Koji culturing manually
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Appendix A. The top layer of the PCB
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Appendix B. Bottom layer of the PCB
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. . DPORT2  .equ P02D
Appendix C. Operation Program DDATA equ  PO2E

DDIR .equ PO2F
e ok ok ok oKk ok ok oK oK oK oK ok sk ok ok ok ok ok ok ok oK K ok ok ok K R K » Timer ster initialize
E t
*33*3*52*********************** TICNTRM .equ P040
BITL pe TICNTRL .equ P04l
BIT3 equ 8 T1CL equ  P043
BIT4 equ 16 TICCM  equ P044
BIT6 equ 64 T1CTL1 .equ  P049
BIT7 equ 128 T1CTL2 .equ  PO4A
| Hem: e
; .equ
;LCD character Font = ;}ggé pacie I‘:ggED
.equ
CFALPL oow 3% TIPRI _ ‘equ PO4F
CFALPS equ 61h T2ACNTRMU.equ P060
| HAGHTRI e
; 1 .equ
;LCD DD ram addr T%ﬁgléM pocte gggg
T .equ
DhRCE  Sau 90n T2ACCL  .equ  P065
DDTIME .equ 4Ch T2AICM  equ P066
| pAG, S
; i .equ
refgti‘fm configure  control  LSANETID ‘equ  POSB
THAPCL. odv PO
.equ
2ECRY cau POl T2APC2  .equ  POBE
SCCR2 equ  P012 T2APRI .equ  PO6F
e LH pil S3F ; ADC1 COMMON EQUATE
INT2 .equ PO18 ADCTL .equ PO70
DEECTL .equ POlA ADDATA .equ P072
EPCTLM .equ POIC ﬁgg‘l{l A ‘233 gggg
EPCLTL .equ PO1E ADPRI equ POTE
;digital ADFLAG .dbit 1,ADSTAT
ﬁg%RT’IAZ 283 gg%é EERKRKRKRAR R KRR KK AR AR AR KRR KK
ADIR equ  P023 Port Assign 4
BPORT2 ‘equ P025 3 % %k %k ke kK ok K %k 3k ok % K ok K k% Sk ok ok ok %k ok ok ok ok ok ok K
BDATA .equ P026 LCDDATA .equ BDATA
BDIR ‘equ  P027 LCDDIR  equ BDIR
CPORT?2 equ P029 KEYSCAN .db}t .3, DDATA
CDATA  .equ PO2A BUZZER .dbit 3, CDATA
CDIR :equ PO2B ADLATCH .dbit 4, CDATA

DPORTI1 .equ P02C
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kkkk kK kkk Rk KkRERKRKERKK KKKk k%

R file

% 3 % 3k % 3k 3k ok %k 5k %k ok %k %k 3k 5k 3k kK 5k %k ok ok * 3k 3k ok k %k Xk

.sect "Register”

; Time Display

ARG EQU R40
ARGI100 EQU R4l
ARGI10 EQU R42
ARGl EQU R43
; ADC Display

DSPADC .EQU RS0
DADC100 _EQU R5I1
DADCI10 .EQU R52
DADCI1 EQU R53
CHANLH EQU R54
CHANLC EQU R55
CHANLL EQU R56

;TEMP. STORE REGISTER
reg TEMP,24

3k 3 e % ok ok %k ok Xk kK ok ok ok Kook ook ok ok Kok kK Ok ok ok

System Configuration &
Initialization of Modules
ko kR okok kKKK kkkdkkkkokkkAkkkkkkkk%k

text  2000h

START
and # BITS5,
or #BIT4, SCCR1
or #BIT6, SCCR2

SCCRO

DTIMEH EQU R2

DTIMEL EQU R3

; Time of Day Clock( T1 )

TENTH EQU R4

HOUR EQU R5H

MIN .EQU R6

SEC . EQU R7

TIMDSP .EQU RS

TFLAG .equ R9

HSECF dbit 0, TFLAG

SECF dbit 1, TFLAG

MINF dbit 2, TFLAG

HOURF dbit 3, TFLAG

TENTH2 .equ R10

; ADC - measured value from
sensor

AVGCNT [EQU RI1l

AVGPRB EQU RI12

TMPPRB .EQU RI13

TEMPCHANL EQU R14

TEMPCHANL1 EQU RI15

TEMPMUX EQU RI16

DDTEMP EQU R17

; Key Scan Register

OgiKey .equ
D

.equ
KeyFlag .equ
KeyRot .equ
KeyNum .equ
BuzzNo .equ
KeyH .equ
KeyL

DPTR .equ
Tkcount .equ
CurLoca .equ
KyFlag ©.equ
StFlag .dbit

; Binary to BCD

R20

R21

R22

R23

R24

R25

R26

.equ R27
R28

R29

R30

R31
1,KyFlag

or
and
or
or

#BIT7, SCCR2
#7BITS,

#BIT1, SCCR2
#BITO, SCCR2

SCCRO

* Memory initialize *

CLEAlR mov #254,B

clr’

LOOP mov A, ,*1[B]
dinz B,LOOP

= Port initialize *
mov  #0FFh,ADIR -
mov  #0FFh,BDIR
mov  #0FFh,CDIR
mov  #11110111b,DDIR
mov #0,ADATA
mov #0,BDATA
mov #0,CDATA
mov #0,DDATA

* T1 Timer Initialize *



TLINIT

clr SEC
clr MIN
clr HOUR
mov  #0ah, TENTH
mov  #00h, T1PRI
mov  #7ah,TICM
mov  #11h,TICL
mov  #00h, T1PCl
mov  #00h, T1PC2.
mov #00010000b, TICTL4
or #00000101b, TICTL1
mov
#00000001b, TICTL3 mov

#00000001b, TICTL2
* ADC Initialize *
ADINIT

#11110000b,ADENA
call ADSTART

mov

* Timer2a Initialize *

STZAINIT

k4
’
¥
)
’
¥
*
¥

mov
mov
mov
mov
maov
mov
mov

mov

mov

mov  #0ah, TENTH2
#0c3h,T2ACM

#4fh T2ACL
£00000001b, T2ACTL1
#00000001b, T2ACTL2
#00010000b, T2ACTL3
#00000000b, T2APC1
#00000000b, T2APC2
#01000000b, T2ZAPRI
#01,KeyRot

* Stack Initialize =

mov
ldsp

#0DFh,B 'R223

* LCD initialize *

call
call
call
call
call

Initialize
FunctionSet
DisplayOn
DisplayClear
EntryMode

* Send data to lcd dd ram =

mov

call
call

#B80h+DDCLR),A
InstructionSet
H40microDelay

mov
call
call
mov
call
call
mov
call
call
mov
call
call

mov

call
call

mov
call
call

mov
call
call

mov

call
call
mov
call
call
mov
call
call
mov
call
call
mov
call
call
mov
call
call
mov
call
call
mov
call
call
mov
call
call

#54h A
DataSend
H40microDelay
#CFNUM, A
DataSend
H40microDelay
#CFNUM A
DataSend
H40microDelay
#HCFNUM+0ARML,A
DataSend
H40microDelay

#(80h+DDRCK),A

InstructionSet
H40microDelay

#43h A
DataSend
H40microDelay

#4Bh,A
DataSend
H40microDelay

#(80h+DDTIME) A

InstructionSet
H40microDelay
#CFNUM, A
DataSend
H40microDelay
#CFNUM A
DataSend
H40microDelay
#HCFNUM+0ah),A
DataSend
H40microDelay
#CFNUM A
DataSend
H40microDelay
#CFNUM A
DataSend
H40microDelay
#CFNUM+0ah}),A
DataSend
H40microDelay
#CFNUM LA
DataSend
H40microDelay
#CFNUM, A
DataSend
H40microDelay



* Enable Interrupt *
EINT

******************************

* Main Routine =

ok % ok ok %k sk %k ok ok ke kK ok %k %k %k %k %k 3k ok 3K %k K K Kk Kk k %k k%
MLoop dijnz
TENTH2,MLoop

mov #46h, TENTH2
call KyCheck
cmp #10000000b,KeyFlag
jne DTCHK
dint
call KeyRes
jmp MLoo
DTCHK
1bitl StFlag,MLoop
ibitl  HSECF,DT
jbitl SECF,DT
jmp M Loop
DT call DspTime .
call ADSTART
call DspData
jmp MLoop

% 3k 3k % 5k ok %k 5k 5k %k %k ok ok %k %k %k %k ok %k %k %k ok % %k 3k %k ok *k * *k

*Subroutines for LCD *

* 3K ok ok ok ok ok sk %k %k ok ok ok %k ok K ok %k ok oK %k %k 5k % K ok %k %k %k Xk

Initialize: ;LCD initialize
call H15miliDelay
mov  #30h,A
call InstructionSet
call H4_imiliDelay
mov #30h,A
call InstructionSet
call H100microDelay
mov #30h,A
call InstructionSet
call CheckBF
rts

FunctionSet:
mov #00111100b,A
call InstructionSet
call H40microDelay
call CheckBF
rts

DisplayOn:

285

mov  #00001100b,A
call InstructionSet
call H40microDelay
call CheckBF
rts

DisplayClear:
mov #00000001b,A
call InstructionSet
call H40microDelay
call CheckBF
rts

EntryMode:
mov #00000110b,A
call InstructionSet
call H40microDelay
call CheckBF
rts

InstructionSet:

and #11111000b,CDATA
or #00000100b,CDATA
mov ABDATA
and #11111011b,CDATA
rts

H15miliDelay: ;15 ms delay
mov #00110000b A
mov #00000000b,B
djnz B,%
djnz AS$-2
rts

H4_1miliDelayv: ;4.1ms delay

mov  #00001000b,A
mov #00000000b,B
dinz B)%
djnz  A,$-2
rts
H100microDelay: ;100 us delay
mov  #01010000b,A
djnz A%
rts
H400microDelay: ;400 us delay
mov #11001000b,A
mov  #11111010b,B
djnz B,$
djnz A,$-2
rts



H40microDelay:;40 us delay

mov  #00100000b,A
djnz AS
rts
CheckBF: ;check busy flag
mov #00h,BDIR
chkbf
and #11111010b,CDATA
or #00000010b,CDATA
or #000001006,CDATA
mov BDATAA
and #11111011b,CDATA
JE -> L
btio #80h,a,chkbf
mov  #0ffh,BDIR
rts
DataSend:
;Send A to DD Ram
and #111110015,CDATA
or #00000001b,CDATA
or #00000100b,CDATA
mov ABDATA
and #11111011b,CDATA
rts
StringDisplay:
clr A
cir B
add #(80h+DDCLR),B
mov B,A
call InstructionSet
call H40microDelay
SDLOOP ,
mov *DPTR,A
cmp #00h,A
ieq SDEND
call DataSend
call H40microDelay
inc DPTR
ymp SDLOOP
SDEND

rts

% % ok 3k %K ok ok %k K ok ok % ok ok Ak ok A %k K ok kK Kk ok ok K ok ok ok ok
* Interrupt  Service Routine
*

% 3k 3 Ak 3k ok K oK ok K K Kk %k ok ok ok ok sk ok ok ok ok K Kk ok ok ok

* Timerl (INT 6) Real time

286

clock =
TIINT
push A
push B
jbitl StFlag, T1IEND
TIST
mov  #01h,TI1ICTL3
dec TENTH
cmp  #05h, TENTH
jeq T1HS1
cmp  #00h,TENTH
jeq T1S1
jmp T1END
T1HS1
sbitl HSECF
jmp T1END
TiS1 mov  #0Ah,TENTH
inc SEC
shitl SECF
cmp  #60,SEC
jne T1END
clr SEC
TiM1
inc MIN
sbitl MINF
cmp #60,MIN
jne TI1END
clr MIN
T1H1
inc HOUR
sbitl HOURF
cmp #24, HOUR
jne T1END
clr HOUR
T1END
POP B
POP A
RTI

* ADC Service Routine *

ADINT
push A
push B
clr TEMPCHANL
clr AVGCNT



clr AVGPRB
clr TMPPRB
ATOD
MOV #08h, AVGCNT
ADC1
MOV ADDATAA
ADD A ,TMPPRB
JNC ADC2
INC AVGPRB
ADC2
DIJNZAVGCNT,GOCNVRT
DIV AVGPRB,A
MOV TEMPCHANLB
MOV A *TEMPI[B]
clr TMPPRB
clr AVGPRB
MOV #0,ADSTAT
JMP EXIT
GOCNVRT
mov  #01h,ADSTAT
or #40h,B
mov B, ADCTL
or #80h,ADCTL
jimp ADC1
EXIT
pop B
pop A

rti

ok % 3k ok X ok %k %k ok %k %k %k ok ok ok % 3k dk ok K K K ok ok kK Kk Kk ok Kk

*

Subroutine for call

*

kol ko ook ok ok ok kokkkok R kkkkkkkk kR kKKK

; BCD LOOP (ARG -> ARG100,

ARG10, ARGI)

BN2BCD:

CLR ARGI100

CLR ARGIO

CLR ARGI

mov ARG.A
HUND_LOOP

sub #100,A

jinc TEN_PROC

inc ARG100

jmp HUND_LOOP

TEN_PROC
add #100,A
TEN_LOOQOP
sub #10,A
jnc COMBINATION
inc ARG10
jmp TEN_LOOP
COMBINATION
add #10,A
mov A,ARG1
rts
nop
ADSTART:
and #11111000b,DDATA
sbit0 ADLATCH
mov  #01h,ADSTAT
mov  #40h, ADCTL
nop
nop
nop
mov  #0COh,ADCTL
rts
DspTime:
jbitl HSECF, TIHSD1
ibitl SECF, T1HSD2
T1HSD1
mov  #(80h+4eh) A
call InstructionSet
call H40microDelay
mov  #20h,A
call DataSend
call H40microDelay
mov  #(80h+51h},A
call InstructionSet
call H40microDelay
mov  #20h,A
call DataSend
call H40microDelay
sbit0 HSECF
jmp DspEnd
TIHSD?2
mov  #(80h+4eh),A
call InstructionSet
call H40microDelay
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mov
call
call

mov
call
call

mov
call
call

T1SDI1
mov
call
mov
mov
mov
call
sbitQ
ibitl
jmp

TIMD1
mov
call
mov
mov
mov
call
sbit0
jbitl
jmp

TIHDI1
mov
call
mov
mov
mov
call
sbit0

DspEnd
rts

SenTim:
mov

mov
add
call

#3ah,A
DataSend
H40microDelay

#(80h+51h) A
InstructionSet
H40microDelay

#3ah A
DataSend
H40microDelay

SEC,ARG
BN2BCD
ARGI10,DTIMEH
ARG!,DTIMEL
#6, TIMDSP
SenTim

SECF

MINF, TIMD1
DspEnd

MIN, ARG
BN2BCD
ARGI10,DTIMEH
ARGI1,DTIMEL
#3, TIMDSP
SenTim

MINF

HOURF, T1IHD1
DspEnd

HOUR,ARG
BN2BCD
ARG10,DTIMEH
ARG1,DTIMEL
#0, TIMDSP
SenTim

HOURF

#(80h+DDTIME),B
;Display HH:-MM:SS
TIMDSP,A

B.A

InstructionSet

call

add
mov
call
call
add
mov
call
call
rts

KyCheck:

clr
clr

KeyLoop

H40microDelay

#CFNUM,DTIMEH
DTIMEH,A
DataSend
H40microDelay
#CFNUM,DTIMEL
DTIMEL A
DataSend
H40microDelay

A
B

and #00000000,LCDDATA

mov
mov
jbitl
jmp

KeyPush
mov
mov
¢mp
Jjeq
T
cmp
leq
mov
mov

DI3Check
¢mp
jeq
dec
jmp

DCheck?2

clr
mov

KeyEnd
rl
mov

KyEnd2

KeyRot A

A LCDDATA
KEYSCAN,KeyPush
KeyEnd

LCDDATAB
KeyNum,B
B,OldKey
gBCheck
B,0OldKey
DBCheck
B,0ldKey
#255,DB

#01,DB
DCheck?2
DB
KeyEnd

DB
#10000000b,KeyFlag

A
A,KeyRot

btjo #10000000b,KeyFlag,Buzz

KEnd
rts



Buzz
call
Bloopl
djnz
sbitl
mov

Bloop2
djnz
sbit0
jmp

KNChk:
clr
clr
mov

KNChk1
T
Jc
@nc
jmp

NCEnd
mov
rts

KeyRes:
mov
rl
add
mov
br

KYTBL
br
br
br
br
br
br
br
br

TmSet
jbit0
sbit0
movw
clr
gint
jmp

mov #255,B
KNChk

B,Bloopl
BUZZER
#100,B

B,Bloop2
BUZZER
KEnd

A
B
OldKey A

A
NCEnd
B
KNChkl

B,KeyNum

KeyNum,B
B

KeyNum,B
#0ffh,OldKe
*KYTBL[BT

TmSet
Rv

Rv

Rv
Rght
Lft
DecKy
IncKy

StFlag,StopKy2
StFlag
#LOGO2,DPTR
CurLoca

StopKy3

StopKy2
sbitl
MOVWwW
sbitl
call

StopKy3
g:all
jmp

Rv jmp

Rght
inc
inc
inc
cmp
jeq
jmp

RClrclr
jmp

Lft jbit0
¢mp
Jeq
dec
dec
dec
jmp

LCir mov
jmp

Tkend?2
clr
rts

DecKy
1bit0
cmp
Jeq
cmp
Jeq
cmp
jeq

IncKy
jbit0
cmp
Jeq
cmp

StFlag
#LOGOI1,DPTR
SECF
DspTime

String Display
Tkend

Tkend

jbit0  StFlag,Tkend2
Curloca

CurLoca

CurLoca

#09,CurLoca

RCIr

Tkend

CurLoca

Tkend

StFlag,Tkend2
#00,CurLoca
LCIr

CurLoca
CurLoca
CurLoca
Tkend
#06,CurLoca
Tkend

KeyFlag

StFlag,Tkend
#00,CurLoca
HDec
#03,CurlLoca
MDec
#06,CurLoca
SDec

StFlag,Tkend
#00,CurLoca
Hlnc
#03,CurlLoca



Jeq
cmp
Jeq
Hlncinc
cmp
jne
plr
jymp

MInc
cmp
jne
plr
jmp

Slncinc
cmp
jne
clr
jmp

HDec
cmp
ine
mov
jmp

HD1 dec
jmp

MDec
jne
mov
jmp

MDI1
jmp

SDec
jne
mov
ymp

SD1 dec
jmp

Tkend
sbitl
sbitl
sbitl
call

MlInc
#06,CurLoca
Sinc

HOUR
#24 HOUR
Tkend
HOUR
Tkend

inc MIN
#60,MIN
Tkend

MIN

Tkend

SEC
#60,SEC
Tkend
SEC
Tkend

#00,HOUR
HD1
#23,HOUR
Tkend

HOUR
Tkend

cmp #00,MIN
MD1

#59 MIN

Tkend ,
dec MIN
Tkend

cmp  #00,SEC
SD1

#59,SEC
Tkend

SEC
Tkend

SECF
MINF
HOURF
DspTime

290

clr
res

DspData:
clr
clr
clr

TEMPO
mov

mov
call
mov
mov
mov
mov
mov
mov
add
add
add

mov
mov

TEMP2
mov
add
call
call

in¢
mov
call
mov
mov
add
add
mov
call
call
mov
call
call

mov
add
call
call

mov
call
call

KevFlag

TEMPCHANL
TEMPCHANLL
B

mov +*TEMP[B],A
B,TEMPCHANI

A ARG

BNZ2BCD
ARG100,A
A,DADC100
ARGI10,A

A, DADCI10
ARGLA

A DADCI
#CFNUM,DADC100
#CFNUM.DADC10
#CFNUM,DADCI1

#01h, TEMPCHANLI
#04h.DDTEMP

TEMPCHANLI A
#80h,A
InstructionSet
H40microDelay

TEMPCHANL
TEMPCHANL ARG
BN2BCD
ARG10,CHANLC
ARGI1,CHANLL

# CFNUM,CHANLC
# CFNUM,CHANLL
CHANLC,A
DataSend
H40microDelay
CHANLL A
DataSend
H40microDelay

DDTEMP,A
#80h,A
InstructionSet
H40microDelay

DADCI100,A
DataSend
H40microDelay



mov
call
call
mov
call
call

rts

DADCI10.A
DataSend
H40microDelay
DADCILA
DataSend
H40microDelay

%k 2K A kK K K % K %k ok %k ok Kook ok Kook ok ok ok sk okok ok ok ok ck ok

*Tablesx*

%k %k 5k 2k sk %K K K K ok %k 5k ok ok ok % 2K 5K K ok %k ok sk ok k ok sk koK

DDRAM

.byte

80h,87h,8Eh,0C0h,0C6h,0CAh,0CFh

LOGOI1 .string “Set RealTime!”,00h
LOGO2.string "T ”,00h

ok o %k ok ok %k ok ok ok 3k ok ok ok ok ok K %K K ok %k %k %k ok ok ok K ok ok ok ok
* Setup Interrupt vectors addresses

*

% %k 3k 3k 3 oK 3R 3K K sk 3k K 3 %k ok kK R Kk K K K K K R OK KR R X

.sect "VECTORS", 07FECh

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

ADINT
START
START
START
TIINT
START
START
START
START
START
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