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Application of Nano Technology to Food Industry

Wie-Soo Kang
Biological System Engineering, Kangwon National University

Abstract

If dietary fibers used in food and oriental medicine industry are processed using a twin screw extruder
and ultra fine grinder, dietary fibers with a particle size below 10 um, which easily dissolve in water
and form colloida dispersed phase, can be mass produced. A twin screw extruder can heat, mix, sepa
rate, compress, orientate, expand and form dietary fibers through one process under high shear and high
temperature conditions. An ultra fine grinder equipped with centrifugal classifier can break the cell wall
of extruded fibers under high shear stress and grind the extruded fiber into super fine powder of 0.1 to
10um in particle size at -20 to 40°C, so that the solubility of fiber is improved with the increased
hydrophilic colloid. The new technology to obtain nano-scaled materials will be a substantial unit oper-

ation with high potential in food industry.
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Fig. 1. Scale of food processes and elements on the

microstructure.

Table 1. Type and sizes of particle in cake batter

Molecules(sugars, lipids, proteins) 0.5n$mto 10 nm

Protein 'micelles 30 nmto 300 nm
Qil droplets 100 nmto 10 pm
Fet crystals 200 nm to 50 pm
Starch granules 1umto 30 um
Air bubbles 5umto 50 pm
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Fig. 2. Structure of Plant cell wall.
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A1 Main housing F :1stBlade

B: Front cover F1: 2nd blade

C: 1st handle F2: Impeller

D: 2nd handle G: Shaft

E: Outlet H: 1sttrack

F: Blade |: 2nd track Q: Motor pully

G: Shaft J: 3rd track R: Qil drain ferrule
K: Main housing fixer St Input

L: Back cover

M: Bearing housing
N: Bearing holder
O: Bearing

P: Shaft pully

Fig. 4. Turbo mill with equipped with centrifugal dassifica-
tion.

Estimation item Turbo mill Hammer mill Pin mill Roller mill

- ) impact rition, compression rition, compression, mpression, im
Grring mecterism o e e amon
Particle range (um) 10~1 10°~10 10°~10 10°~103
Pulverizing temperature 30°C 110°C 110°C 50°C
Specific energy (kWh/tonne) 100~1000 5~20 20~100 2~4
Cooling method Freezing cycle Water jacket Water jacket -
Size control method Motor speed conversion  Size net conversion Size net conversion Re-pulverization
Cleaning method Simple Simple Simple Simple
Cellulose material Super fine Fine Very fine Coarse
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Fig. 9. Grinding zone of pin mill in the cryo-grinding
process.
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Table 3. Particle size analysis in food materials pulverizing with HKP-50

M eter_i asfor Ve%g%”gﬁ?gj: o Particle Szefum) Vol weldhiad Moi sturoe Throughput

experiments mis (rpm) dy, dy, dy, rﬁeengD content (%) (kg/h)
Tricholoma magnivelare 110 (8000) 1.568 7.546 22,611 10.09 8 25~35kg
Licorice Root 110 (8000) 1.09 4.195 14.387 6.404 8 20~30kg
Theasnensis 110 (8000) 1.044 4.662 18.061 7411 8 40~60kg
Angelicagigas 110 (8000) 2173 9473 36.36 18.46 8 40~50kg
citrus 90 (7000) 2737 13731 42.884 19.205 8 50~60kg
Artemisa capillaris THUNB 110 (8000) 2.346 14612 53.825 24314 8 30~50kg
Ginseng steamed red 110 (8000) 1.295 7235 21791 9.632 8 50~60kg
Rice 110 (8000) 1944 6.382 15.216 7.652 8 45~60kg




(h) Rice

(g) Ginseng steamed red

Fig. 12. Scanning Electron Microscope of food materials
pulverizing with HKP-50.
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Fig. 13. Design of continuous mixing extruder for oriental
medicine herb processing.

Fig. 14. Continuous mixing extruder for oriental medicine
herb processing.
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Table 4. Comparioson of 2 and 3 lobe screw

2 |obe screw 3 lobe screw
screw shape
groove type deep groove shallow groove
corveying ] g
dimension big (1.5-2) small(1)
conveying
capacity many small
shear stress low high
mixablility low high
Temperature low high

Table 5. Comparison of kneading disc and reverse screw

F3l A BoHE Mz 7o) A&A o
2 FAHEASE 24T £ Ia(d), HeEdE
NE7) k& A8 IR Fo) wge= 1o w9k

AgEo] 2)sle] cdlulose chane 2 74¥ thake]
A2l 718 27} #zdEoe] glucan monomer &

ge] thgAz WHalEe] FAE Adeie] £33}
dojykar o] F7EEA BAabde] | F=o)
= go] HAUZEE BT F UAT().

(b) Scanning Electron Microscope

of unpulverised phellinus linteus
(x1000)

(d) Powder pulverised after
extrusion (x1000)

(c) Powder pulverised after
drying (x1000)

(e) Water solubility of powder (f) Water solubility of powder

pulverised after drying pulverised after extrusion

Fig. 15. Phelinus linteus.

bad normal good
dispersity KB(R) RYRS RSKB(R) KB(N) KB(L)
pressure KB(R) RYRS RSKB(R) KB(N) KB(L)
temperature KB(R) RYKB(R) KB(N) RSRS KB(L)
Specific energy KB(R) RYKB(R) KB(N) RSRS KB(L)
Residencetime KB(R) KB(L) RS/KB(R) KB(N) RS/RS

*KB=Kneading Block, RS=Reverse Screw, R=Right turn, N=Neutral, L=Left turn
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