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SUMMARY
(3% 2°%)

[. Title

Development of a Blanching System for Green Rice Production

II. Objective and Necessity

The objective of this research and development is to develop a green-rice
blanching technology and system to expand consumption of the rice which is low
price and is supplemental to unit agricultural corporations and/or markets by
applying the mass green rice production system.

Our food-life is changing from pure rice to nutrition—enriched rice, polished and
embryo retaining rice, wash-free rice, functional rice, brown rice, scented rice,
active rice, and colored rice by effort to strengthen international competitiveness, to
increase the farmer income, and to strengthen public health. As preference of
functional food increasing, a green rice production technology was developed from
research on a production technology of special- or colored-rice by this research
team using the immature green rough rice harvested before matured and blanched
it.

Blanching is a procedure of the food processing required before drying the grains
or vegetables which heats the grains or vegetables in a short period of time at hot
temperature, and which destroys and inactivates the enzymes existed within tissue
of grains and vegetables such that it protects destroying the color favor of grains
and vegetables during drying and storing period. Also, blanching fixes the color
and softens the surface of tissue such that shorten the drying and dehumanizing
time by increasing the leading the circulation of humidity.

The green rice distributed as green color after drying or semidrying and
commercialized as a powder for secondary processed food. The green rice improved
the nutrition, looks better, tastes tender, and contains grain original flavor with
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respect to the existing rice. But, living food maintains life condition such as the
respiration after harvesting and during storage and distribution. During life
condition, the living food generates autolysis, deterioration, and discoloration by the
enzymes.

The production of the green rice requires a sequential procedure of harvest,
threshing, blanching, dry, and process. Among above procedure, blanching is a
detrimental process to affect the color and quality of grain during dry. Thus, for
high quality, massive production system of the green rice, development of
systematical blanching system with economic and scientific technology is necessary.

Blanching uses hot water (i.e., Water blanching) or steam (i.e., Steam blanching).
The water blanching blanches grain or vegetable for a short period time at 88 -
100 C depends on food variety. The steam blanching injects the steam to the
grains or vegetable which is on wire mesh belt inside of the hood. Both two
blanching methods inactivate the enzymes by controlling the time and temperature
depends on the characteristic of grains or vegetables.

Results from the experiments, the water blanching have a shortcoming of nutrition
drop but has more operation efficiency with short processing time relative to the
steam blanching. The control technology is important on the blanching to maximize
the value of the merchandize by maintains fundamental characteristics of products
and to fulfill specifications and allowable Ilimits to satisfy efficiency. Thus,
development of the blanching process model for the green rice depends on variation
of the blanching environment of grain before and after blanching, and development
of the mechanical blanching technology according to the economic feasibility,
processing temperature and time, and waste water generation is necessary.

Demand of the green rice is considered to be increased according to the change of
the rural economic (cash crop preference) and recognition conversion from the trend
of the society change. Thus, development of the mechanized green rice production
technology is necessary according to the consciousness structure of farmers and
production methods pursuing economic feasibility, convenience of transit, and
preference.

Decrease of agricultural labor force and aging and womanizing require a
mechanization of the agricultural production system. The development of the
mechanization of the green rice blanching technology as processing and
manufacturing special rice expected to be increase a spread effect for rural
economic and food industry, and consequently increase farmer’s income.
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The first developed green rice manufacturing mechanical technology considered to
be affected the food preference according to change of time and affects change of
balanced nutrition intake. The green rice production as a cash crop according to
change of preference to high quality agricultural products considered to be affected
greatly to maintain green rural habitats continuously. The green rice offers many
kinds of foods to markets; give energy to agricultural production, and offers
possibility to export our foods. Eventually, strengthen the competitiveness of rice
productivity for our agricultural industry and revitalize the agricultural farmers.

ITI. Contents and extension of research and development

B Characteristic analysis of the green rice before and after blanching

e (Characteristic analysis of the green rice before blanching: thermal
conductivity, heat capacity, density, and moisture contents.

e Analysis of affecting factors on blanching: temperature, speed, and depth of
blanching

e Design and manufacture a pilot plant of the blanching system

B Design and manufacture mechanical blanching system
e Power source and heat source
e Steam generator and recirculation system of steam
e Conveying unit
e Input and discharge unit
e (Cooling unit

e Control unit

B Analysis of blanching system performance and parallel technology

e Analysis of economic feasibility of the prototype green rice blanching
system

e Analysis of blanching efficiency of the prototype green rice blanching
system
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e Analysis of wastewater generation of the prototype green rice blanching
system and treatment

e Analysis of parallel technology with the steam blanching

B General review of the prototype green rice blanching system and complement.

e Analysis of performance data of the prototype green rice blanching system
and modification

e Analysis of market value of the green rice such as nutrition, color, density,
and moisture content

e Analysis of blanching efficiency, power consuming rate, economic
feasibility, and waste water generation.

B Field test and evaluation
e Tield adaptability test and analysis of consumer’s preference

e Response of the prototype green rice blanching system

IV. Results and suggestions on application

B Characteristic analysis of the green rice before and after blanching
e Heat capacity

The specific heat of the mature rice was affected by variety, porosity, and
moisture content. The specific heat of the rice for Indica and Japonica type
increased very lightly as the moisture content of the rice increased. The
porosity of the Japonica type was around 40 -489%, and the specific heat was
around 1.9 -2.7 kJ/kg K at the moisture content ranged 10 - 25%.

The specific heat of the immature rice should be higher than the mature rice
de to the higher moisture content. From result of the test, the heat capacity
ranged 2.67 - 274 kJ/kg for the 1 kg of the sample rice with the moisture
content ranged 25 - 30%.

e Thermal conductivity
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The thermal conductivity of the Japonica type and Tongill variety mature rice
ranged 0.09 - 02 and 0.09 - 018 W/m K, respectively with the moisture
content ranged 15 -30%. The thermal conductivity increased very lightly as
the moisture content increased. The thermal conductivity of the sample for
this research ranged 0.11 -0.17 W/m K with the moisture content ranged 25
- 30%.

e Density

The density of the sample ranged 553 - 578 kg/m3 with the moisture
content ranged 25 - 30%.

e Moisture content

The moisture content of the sample ranged 25 - 30%.

e Temperature

The proper temperature of the green rice blanching ranged 90 - 100C.

e Speed

The proper blanching speed, the conveying speed of the green rice, of the
green rice was selected as 3.3 m/sec using steam.

e Time

The blanching time was selected as 1 minute for efficient blanching.

e Depth

The depth of the blanching was about 2 cm.

B Design and manufacture of the pilot-plant green rice blanching system.

The pilot-plant green rice blanching system was designed as consisted with an
input hopper, blanching unit, cooling and dry unit. The material of the pilot-plant
green rice blanching system was the stainless steel, and the blanching unit was
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designed as circular pipe with double layer and insulated the space between layers
to protect radiation of the heat.

e Blanching and conveying unit

The medium was selected as steam for the green rice blanching, and
conveying of the green rice was carried out by screw conveyor. The length
of the screw conveyor was 1990 mm and the pitch was 5 cm. The inner
diameter of the pipe which the screw conveyor located inside of the pipe
was 150 mm, and the pipe was perforated with @®2 mm holes for steam
penetration.

The diameter of the screw conveyor shaft was selected as 101. 6 mm to
maintain the blanching depth of 2 cm. The screw conveyor was sloped about
5°to increase the conveying efficiency of the green rice. The discharge hole
was installed to drain the water generated from the steam inside of the
blanching unit.

The screw conveyor was powered by an electric motor, the speed of the
screw conveyor was selected 40 rpm to maintain the blanching time of 1
minute in the blanching unit as the green rice conveyed.

Also, the revolution speed of the screw conveyor was designed to control the
speed by installing an inverter. The capacity of the inverter was 0.75 kW
and the maximum revolution speed was 60 rpm.

e (Cooling unit

The green rice was cooled and dried after blanching. The cooling unit was
connected at the end of the blanching unit and located under the blanching
unit. The blanched rice freely dropped at the end of the blanching screw
conveyor and entered into the cooling unit. The cooling unit also was a
screw conveyor and the screw conveyor transferred the blanched rice. The
size and shape of the screw conveyor was same as the screw conveyor
installed at the blanching unit.

During conveying, the blanched rice was cooled and surface moisture was
eliminated by low temperature forced air flow ranged 35 - 45C. The forced
air flow was generated by a blower. The capacity of the blower was 0.75
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. . . 3 .
kW and its maximum air flow rate was 4 m’/min.

The temperature of the forced air flow was automatically controlled as
selected temperature by a thermo couple and an electric connected with a
computer. The cooled and dried green rice was conveyed and dropped at the
end of the cooling unit through a discharge hole.

e Input and discharge unit

The input unit was a simple cone shape hopper. The diameter of the hopper
was 600 mm, and discharge of the blanched rice was executed through a
hole (P50 mm) located at the end of the cooling unit.

e Control unit

The conveying speed, blanching temperature, humidity of the green rice
blanching system was controlled with a computer and S/W. The temperature
and humidity inside of the blanching unit were detected by sensors installed
at the blanching unit.

- Temperature control inside blanching chamber:

The temperature inside of the blanching chamber was continuously controlled
by the computer controller by detecting temperature with two temperature
sensors located at the input and discharge side of the blanching chamber and
selected temperature was 95 - 105 C. Also, the flow rate of the steam was
controlled using an automatic control valve and such that the temperature of
the steam also controlled by controlling the flow rate of the steam. The
automatic control valve was controlled by the computer control system
connected with the RS converter (RS485).

- Detection of the humidity inside of the blanching chamber:

The humidity inside of the blanching chamber was continuously detected
and logged into the computer.

e (Cooling unit control

The temperature control of the cooling unit protected over heat inside of the
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cooling chamber. An over-temperature sensor was installed at the cooling
unit and the computer control system automatically shut off the heater
whenever the temperature increased over 70C then let the cooling unit cool
down and maintain temperature at 40C.

e Communication control

The communication between the computer and the blanching system was
carried out by using a RS converter. The control of the green rice blanching
system and detection of the temperature and humidity were carried out by
the computer. The conveying speed and temperature control, temperature and
humidity detection, graph display, ad data management was automatically
executed by the computer and S/W.

B Analysis of the green rice blanching system performance and parallel technology

e Analysis of economic feasibility of the green rice blanching system
- Steam generator
Electric consumption 250W (0.25 kW/h x W54.6 = W13.56)
Fuel consumption (Kerosene 1891/hr x %900 = 17,010)

- Blanching unit
Electric motor (0.75 kW x W54.6 = #40.95)
- Cooling unit
Electric motor (0.75 kW x #54.6 = W40.95)
Electric heater (2 kW x W54.6 = W109.2)
Blower (0.75 kW x W54.6 = W40.95)
- Labor
#50,000/day x 2 person = #100,000/day
- Operation cost: ¥27,255/hr
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e Analysis of efficiency of the green rice blanching system

The amount of the steam consumption per lkg of green rice sample was 0.3
kg (steam-to-product ratio = 0.3).

e Waste water generation and treatment

The waste water generated by the steam in blanching system was a small
amount and it was not serious problem thus drained into sewage.

e Analysis of the parallel technology of steam blanching.
- Microwave

The microwave was employed to blanch vegetables and it has advantage
relative to the water or steam blanching. Advantages are uniform blanching,
low temperature variation inside of an oven, low energy consumption, and
shorter blanching time. The system cost, however, was very high and it was
not applicable based on the economic feasibility.

- Pulse electric field treatment (PEF)

The pulse electric field treatment was employed to treat the microorganism or
enzyme in the liquefied food wusing very low temperature rise, and it
accomplished the blanching at the ambient temperature and had low energy
lose by the heat. But the pulse electric field treatment was a method to
eliminate the microorganism and it was considered to be applicable to blanch
the green rice.

— Ultra-high pressure treatment (UHP)

The ultra—high pressure treatment was a heat treatment method to preserve
the food, and it treated the food in the high hydraulic pressure (1,000 - 6,000
atm) using a special chamber to eliminate the microorganism without destroy
the nutrition, antioxidant, color, or binder. This method was employed to treat
the fruits, vegetables, cheese, meat, and milk since the method did not
destroyed the vitamin, color, and flavor of the food. But, this method also was
not applicable since it could not continuously treat the food, and in case, the
food was destroyed by the high pressure.
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B Suggestions of application

The continuous experiment of the blanching using the green rice blanching
system is necessary to complement the system due to the seasonal experiment and
the research and development period.

During the blanching process, there was a little of counter flow of the sample
due to the steam pressure, and this would be corrected through further research.
Also, there was fast flow of the blanched green rice at the discharge pipe due to
the excessive steam pressure. This required further research to balance the
pressure of the steam and the flow of the blanched green rice.
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foig
20 % = @de zh=th Water blanching®] 7 eam blanchingel H]
o =

g mholt AR o} 602 3F BARE F9ol Hayme] A} w5

o 2 yEehytel whElA water blanching €]
A Aeleks Aol wlErAs Aoz wrH)

Table 1. Hunter value of the green rice blanched with steam and water.
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Water blanching®] 74-9-oli= 9 ]98] dUldez =2 AZE & o &2 At
A Al %X]é A HeA e 7 2
o]

FAY =2 FE ioﬂgﬂﬂ ez A7k wE =

. ] o |
Blanching Blanching unter value

method time (sec) L 4 b
30 92.33+3.50 -1.37+1.26 40.10£0.79
60 91.70£4.84 -2.90+0.92 44.70+7.96
Steam 90 84.90+3.65 0.17+1.27 38.13+6.63
120 92.27+0.91 1.13+1.24 38.93+5.80
150 88.73+3.96 1.67+1.36 36.30+3.64
30 92.89+4.56 =7.84+5.27 41.86+0.79
60 94.57+2.58 -5.71+1.24 36.57+6.79
Water 90 95.54+4.91 -6.08+1.53 39.91+5.91
120 95.39+2.49 -6.26+1.57 43.56£5.18
150 95.85+1.52 -6.57+1.61 42.52+4.13
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Figure 2. Photograph of the green rice blanched for 30, 60, 90,
120, and 150 seconds (clockwise from upper left) with steam at
90 - 100C and depth of 2 cm.
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Figure 3. Design sheet of the pilot system of the green rice blanching
system.
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Figure 5. Photograph of the prototype of the green rice blanching system
frame.
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Figure 6. Photograph of the prototype green rice blanching system.
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Figure 7. Design sheet of the blanching unit and screw conveyor installed inside of
the circular blanching chamber.
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Figure 8. Design sheet of the screw conveyor.
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Figure 9. Photograph of the electric driving motor for the screw the

screw conveyor of the blanching chamber.
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Figure 10. Design sheet of the inverter attached to the blanching unit .
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Figure 11. Design sheet of the cooling unit of the prototype green rice cooling unit

system and

Figure 12. Cooling chamber of the green rice blanching

temperature sensors installed at the cooling chamber.
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Figure 13. Design sheet of the blower installed to the cooling unit of the
- 60 -

prototype green rice blanching system.



Figure 14. Photograph of the blower installed at the cooling unit of the green

rice blanching system
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Figure 15. Design sheet of the hopper.

Figure 16. Photograph of the flapper installed at the bottom of the

hopper to control amount of sample input.
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Figure 17. Photograph of the control box of the green rice
blanching system.

Figure 18. Photograph of inside of the control box of the
green rice blanching system.

_64_



I ] 2= A of

=

A

Figure 19. Photograph of the computer installed to the prototype green

rice blanching system.
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Figure 20. Photograph of the temperature (right-hand side) and

humidity (left-hand side) sensors installed at the top of the

blanching chamber of the green rice blanching system.
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Figure 21. RS converter of the control unit of the green rice blanching

system
Temp sensor Temp sensor
Inverter Aut I
o uto valve
Blanching Steam
System generator
Humidity sensor
PS485 PC
Cooling [ ]
System
Heater Temp sensor

Figure 22. Schematic diagram of the control system.
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