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SUMMARY

(FEQFE)

I. Title

o Down-sized tofu production system employing automated feedback processes

. Purpose and Background

o Bean is one of very nutritious grain including protein, and tofu made of bean
is a preferred food item worldwide.

o However, tofu production technique has not been automated, thus the
production efficiency is at most 0.2[unit/kg/hr/man] even in a large factory.
The current tofu production can be said a typical "low-efficiency high-cost”

process.

o

The manufacturers, as a result, use low cost but also low quality imported
beans, sometimes genetically converted beans with potential biological danger.
Therefore, it is necessary to develop efficient tofu production processes using
locally produced high quality beans at low cost to keep the agricultural

advances in Korea.

o

The present study introduced modern measurement and control technology to
significantly upgrade the tofu production technology in which all processes

were automated by feedback mechanisms.

o

The purpose of study are

- To develop systematically inter-related tofu production processes,
- To automate each processes by feedback mechanisms

- To monitor and control each processes, and

- To integrate each automated processes in a form of stand-alone system.



M. Materials and Methods

o Tofu production technique was decomposed into unit processes, each of
which was carefully analyzed for automation: precise quantity input,
automatic washing, high speed cutting, dual stage grinding, centrifuging,
triple stage heating, solidizing, and pressurizing processes.

o These processes were categorized into two groups: "on-going open loop” and
"Intermittent closed loop” groups. The latter process group employed various
sensors for measuring the controlled variables forwarded to the control
circuitry responsible for monitoring each processes and operating in an
inter-related way by feedback mechanisms.

o The unit processes were automated, inter-related, and operated by newly
developed modern electronic control system.

o Stand-alone proto-type tofu production system was developed by integrating
the automated unit process.

o The final product, tofu, was analyzed to have significantly higher nutrients

compared with other tofu products in market.



IV. Results and Applications

o Process flow diagram was composed for continuous automated tofu
production.

o Automation techniques for each process were developed, which were
inter-related by feedback mechanisms and integrated to develop stand-alone
proto-type tofu production system. The performance experiment resulted
- Continuous tofu production in 20 minutes of dry beans input,

- Single worker operation possible, and
- Production efficiency of approximately 2.0[unit/kg/hr/man]
(10 times of the current manual technique).

o The analysis of the produced tofu demonstrated significantly higher nutrients

such as protein compared with commercial tofu products in market.
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Fa PA} PA} GAH
sample
Contents FEAAEL) FHREHEAL) FREHD)
Elasticity (dyn/cm?) 1159880.3 2442259 2228771.3 2573991.3
Strength(g) 1669.9 1664.4 1254.2 1206.38
Hardness(dyn/cm?) 2299786.3 1952607 1445394 1493402.7

Yield value(dyn/cm’) 2083686.3 2076781.7 1564326 1505290.7

(&) AxFR} ARFR P 54 vw

D 71¥ M3 715 2 = (hedonic scaling)
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Contents

=]
T flavor taste total quality
PAF FH[A A E] 3.33 3.50 3.42
PAF FH[5-3&] 3.33 3.50 3.50
GAF FH[5-3 8] 3.50 3.67 3.50
sample 3.33 3.50 3.50
(FsHAE AADH7)
flavor average
PAF 5511334141413 |4(13|2(4]313 3.33
PA}V 5203|4413 (3(3|41413[3|31]3 3.33
GAV 45 (3|4 |4|14|1413[3|41413[]3]3 3.50
sample 2131313434144 (3|31]4 3.33
taste average
PA}V 7513|443 (3(4|4(414(3|31]3 3.50
PA}) ¥521 41414131334 (3414]13]3 3.50
GAF 4% 3|4 |4|14|414]4,14|13[3|3]4 3.67
sample 41314131414 |3|3|3|3(4|4 3.50
total quality average
PA}) 5114144131333 [(4(3|14(13]3 3.42
PA}) ¥%21 4143 |3|4|1413(414|13|3]3 3.50
GAV 5 3314|3414 (1413|13[3|414 3.50
sample 41314131414 |3|3|3|3(41|4 3.50
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@ 284y
T Brix GDL s AAY  FEIIAST T

(L) (g) (g) (g) (rpm) (I/min)
9 63.00 35.64 28.00 25 3
10 70.72 38.28 28.00 27 3

A0 11 73.44 40.92 28.00 29 3
12 76.16 43.56 28.00 31 3
13 78.88 46.20 28.00 34 3
14 81.60 48.84 28.00 36 3
9 59.50 31.19 24.50 25 3
10 61.88 33.50 24.50 27 3

35 11 64.26 35.81 24.50 29 3
12 66.64 38.12 24.50 31 3
13 69.02 40.43 24.50 34 3
14 71.40 42.74 24.50 36 3
9 51.00 26.73 21.00 25 3
10 53.04 28.71 21.00 27 3

30 11 55.08 30.69 21.00 29 3
12 57.12 32.67 21.00 31 3
13 59.16 34.65 21.00 34 3
14 61.20 36.63 21.00 36 3
9 42.50 22.28 17.50 25 3
10 44.20 23.93 17.50 27 3

o5 11 45.90 25.58 17.50 29 3
12 47.60 27.23 17.50 31 3
13 49.30 28.88 17.50 34 3
14 51.00 30.53 17.50 36 3
9 34.00 17.82 14.00 25 3
10 35.36 19.14 14.00 27 3

20 11 36.72 20.46 14.00 29 3
12 38.08 21.78 14.00 31 3
13 39.44 23.10 14.00 34 3
14 40.80 24.42 14.00 36 3

(10) FHA= AF49 7
O AdgU&
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B Cutter disc
C : Lid for cutting unit
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45min
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20min
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Traditional procedure
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Cutting
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