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Physical Characteristics of Buckwheat Extruded
by Twin-screw Extruder.

Kazuo MORITA, Shoji TAHARAZAKO and Shun’ ichirou TANAKA
(Laboratory of Agricultural Systems Engineering)
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Fig. 1. Schematic diagram of the twin-screw extruder.
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Fig. 2. Schematic diagram of the twin-screw
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Fig. 3. Flow chart of the measuring system.
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Table 1. Effect of screw rotating speed of extruder on the physical properties of puffing products.

Conditions of extruder Physical properties
Material Screw Feed Product Die Puffing Specific Hardness Crushed Swelling Precipitated
speed rate rate press. ratio volume volume power weight
(rpm)  (kg/h)  (kg/h)  (kg/em) (m€/g) (kg) (m€/10g) (g/8) (g/10g)
150 14.9 15.0 60 13.41 12.5 1.25 441 5.55 8.0
Buckwheat 200 " 14.8 36 12.16 11.1 1.11 49.1 4.85 8.0
flour 250 " 15.1 31 5.88 13.9 1.36 89.5 3.70 6.5
300 " 14.9 20 2.10 10.5 2.40 84.0 3.65 7.0
150 16.7 16.5 67 3.85 6.4 5.30 31.6 4.25 6.5
Buckwheat 200 " 17.0 58 5.64 6.7 3.25 41.1 3.65 7.0
250 " 16.9 23 3.06 7.1 2.64 55.9 3.40 7.5
300 " 16.8 17 1.82 3.6 6.39 61.0 2.95 4.5

Adding water : 0.5 £ /h
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Table 2. Effect of adding water on the physical properties of puffing products.

Conditions of extruder Physical properties
Material Feed Adding Puffing Specific Hardness Crushed Swelling Precipitated

rate water ratio volume volume power weight

(kg/h) (¢/h) (me/g) (ke) (m€/10g) (g/g) (g/10g)
Buckwheat 14.9 0 12.51 16.0 1.49 58.5 4.15 7.0
flour " 0.5 12.16 11.1 1.11 49.1 4.85 8.0
Buckwheat 16.7 0 1.44 5.7 2.42 67.0 2.95 7.5
" 0.5 5.64 6.7 3.25 41.1 3.65 7.0

Screw speed : 200 rpm
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Table 3. Effect of conditions of extruder on the color of puffing products.

Conditions of extruder

Color (Hunter)

Material Screw speed Adding water
(rpm) (£ /h) L a b

150 0.5 55.72 3.07 19.49

Buckwheat 200 " 54.00 4.84 23.40

flour 250 " 57.83 4.08 23.78

B 300 " 60.69 5.13 24.09
"""""""""""""""""" 250 o sl e 2552

150 0.5 42.17 2.52 12.94

Buckwheat 200 " 39.69 3.26 14.51

250 " 44.09 3.96 17.29

300 " 46.86 3.49 17.18
""""""""""""""""""" 250 o Tatiad a9 T17ee T

Feed rate : 14.9 kg/h (Buckwheat flour), 16.7kg/h(Buckwheat)
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Table 4. Fffect of conditions of extruder on the physical property and color of pasty products.

Conditions of extruder
Screw speed Adding water

Physical property
Compressive stress

Color (Hunter)

(rpm) (¢/h) (kg /o) L a b
100 0.6 22.88 24.08 0.31 3.63
150 " 23.40 31.39 1.38 6.15
250 " 11.56 30.84 1.57 5.48
100 2.4 27.96 35.30 1.36 10.21
150 " 14.16 27.38 1.46 6.32
250 " 6.80 21.46 0.28 3.89

S 250 o6 .56 30.84  1.57  5.48
" 1.2 11.36 25.35 1.22 4.87
" 1.8 8.32 26.21 0.87 5.46
" 2.4 6.80 21.46 0.28 3.89

Feed rate : 8.7kg/h
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Fig. 4. Schematic diagram of the creep test by rheometer.
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Table 5. Effect of screw rotating speed of extruder on the rheological properties of pasty pfoducts.

Conditions of extruder

Rheological properties

Material Screw speed Invasion Elasticity Viscosity Hardness Plasticity Cutting force
(rpm) (mm) index index index index (kg)

Buckwheat 150 3.5 35.0 12.5 22.9 0.50 64.3
flour 250 3.2 38.8 13.3 25.0 0.50 83.7
100% 350 2.0 47.5 18.0 40.0 0.65 84.7

Mixed flour 150 6.7 41.3 13.3 11.9 0.31 34.0
50%

Buckwheat Ordinary 3.6 31.3 11.3 22.2 0.31 154.7
flour method
100%

Feed rate : 9.7kg/h, Adding water :3.6 £ /h
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Summary

Buckwheat and its flour were extruded under various conditions using twin-screw extruder. The
relationship between extrudating conditions and physical properties of the extruded products were
investigated in detail.  The results are summarized as follows:

1. Buckwheat and its flour could be easily puffed by twin-screw extruder under the following
conditions, namely barrel temperature (100~160C ), screw rotating speed (100~300rpm) , feed rate
(14.9~16.7kg/h), water addition ( 0 ~0.5 1/h), After examining various puffing conditions, the
optimum extrudating condition consisting of 200~ 250rpm of screw rotating speed and no water addition
was fixed to be the best choice, with the other factors remaining constant.

2 . The pasty product processed by extrusion-cooking under the following condition, namely
temperature (100~110C) and pressure ( 5kg/aw) was characterized as elasticity. The physical
characteristics of extruded products were considerably affected by the extrudating conditions. The
quality of pasty product became uniform with the increase of screw rotating speed but its structure became
weakened because of the shearing force of the screw rotations.

3. The pasty product processed by extrusion-cooking under the conditions of temperature (30C )
and pressure ( 5 kg /cr') became sticky and hardened with the increase of screw rotating speed. ~ The
mixed wheat flour pasty product processed by extrusion-cooking was softer as compared with the
previously made buckwheat, but the effect of the wheat flour as bonding agent was lost. Excluding the
cutting force value, the physical properties of the extruded product under screw rotating speed condition
of 150rpm, were nearly equal to those of the paste made by the usual manufacturing method. The
quality difference between the extruded paste and the usually manufactured paste could be estimated to
be a cause for destoying of the starch structure due to the shearing force of screw rotations.

4 . The usefulness of buckwheat flour which has been limited within that of the raw noodles is to be
multiplied and utilized for various other purposes by making use of the extrusion-cooking in food
processing technology.  Therefore, the puffing products may possibly be used for the snacks and the
pasty products for food materials, such as fried chips and crackers.



