Food Engineering Progress
Vol. 12, No. 2. pp. 107~114 (2008.5)

|n'1t|-

- 11E3s

Food Engineering Progress

O|F LAE MEI|E 0|28t EIE[2|HIR &0l ChEH U+
JAE - AFL - uPET - Y
AUt AT, HeneE ARy

Extrusion-cooking of Tartary Buckwheat(Fagopyrum tataricum Flour
Using A Twin-screw Extruder

Ji-Hoon Lee, Dong-Eun Kim, Cheol-Ho Park, and Wie-Soo Kang'*

Division of Biological System Engineering, Kangwon National University
!Division of Biotechnology, Kangwon National University

Abstract

The operational conditions of a twin-screw extruder were optimized for the extrusion of a Tartary buckwheat
(Fagopyrum tataricum) flour to impart the additional water solubilities into the products. The extrudates were then
analyzed using a Response Surface Analysis to extract correlation between the system variables such as specific
mechanical energy (SME) and extrusion pressure of the extruder and some physical characteristics of the products
including bulk density and water solubility index (WSI) value of the extrudates as influenced by barrel temperature
(120, 150, 180°C) and moisture content (20~30%) of the feeds. Whereas effects of shear rates in the system as gov-
erned by screw configurations (type I~IV) were further evaluated in relation to the quality characteristics of the
extrudates. Decreases in SME value and extrusion pressure of the system along with bulk density of the extrudates
were observed with increase of the barrel temperature, while WSI value of the extrudate increased. However, the
higher SME value and extrusion pressure of the system accompanied by WSI of the product were observed as mois-
ture content of the feed has decreased although density of the extrudate was the exception. Adoption of the screw
configurations that is designed to give higher shear rate resulted in the decrease of extrusion pressure and density
of the products although SME of the system and WSI of the extrudates tended to increase. Purposed extrusion of
the Tartary buckwheat (F. tataricum) with barrel temperature at 180 and feed moisture content of 20% could raise
WSI value of the product up to 24.3% as compared to that of 2.5% in raw buckwheat flour. Furthermore, when
screw configuration of KD/LH (kneading disc/left handed rotating) with type IV layout that gives the highest shear
rate in this system was introduced, WSI value of the extrudate has increased again up to 33.8%.
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Table 1. Experimental values of system variables and Tartary buckwheat extrudates according to the changes of die temperature

and feed moisture content

R —— Temaerature FM" SME? DP? BD4; WSP»
(°C) (%) (Wh/kg) (MPa) (g/em’) (%)
20 61.21+0.84 6.98+0.22 0.51+0.051 10.41+0.56
120 25 45.91+£0.90 5.51+0.34 0.63+0.035 9.46+0.35
30 34.67+0.49 4.23+0.56 0.68+0.049 9.00+0.35
20 41.07£0.41 6.71+0.36 0.39+0.034 15.70+0.51
Type I' 150 25 31.94+0.55 4.42+0.47 0.59+0.059 13.21+0.45
30 26.61+0.32 3.71+0.25 0.64+0.038 12.18+0.76
20 37.20+0.31 6.45+0.18 0.31+0.025 24.31+0.62
180 25 30.49+0.64 4.12+0.61 0.54+0.042 17.23+0.43
30 25.36+0.51 3.62+0.44 0.56+0.035 13.92+0.54

For reference, WSI of Raw material(without extrusion) was measured as 2.54+0.12%.

DFeed moisture

?Specific mechanical energy

*Die pressure

YBulk density

*Water solubility index

“Indicates the screw configuration of each type exhibited in Figure 1.
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Fig. 1. Layout of twin screw extruder barrel sections and 4 different screw configurations.

(D Conveying screw (32/48), (2) Conveying screw (32/33), (3 Kneading disk 30° (right handed; 32/33), @ Kneading disk 45° (right handed;
32/24), ® Kneading disk 45° (left handed; 32/24), ® Kneading disk 90° (right handed; 32/24), (D Conveying screw (32/24), A/B : A =
screw diameter, B = length



% IE HR/IE oled Eekeiis] YR e A7 i

SME [W+hlkg]

60.27

51.22

42.18

33.14

24.09
180

165

Temperature [°C]

30.0

Moisuture Contents [%]
25

129 A0
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Table 3. Experiment values of system variables and Tartary
buckwheat extrudates according to the change of screw
configurations

Screw SME" DP? BD? WwSI¥
type  (Whikg) (MPa) (g/em’) (%)
Type ' 37.20£031 6.45+0.18 0.33x0.025 24.34+0.62
Type I 44.53:t045 4.41+024 0.24£0.034 29.71+0.67
Type II  80.15+0.89  4.13+0.13  0.22+£0.026 31.33+0.47
Type IV 83.25+0.75 3.84+0.27 0.21+0.021 33.82+0.87

For reference, WSI of Raw material(without extrusion) was measured as
2.54+0.12%.

DSpecific mechanical energy

?Die pressure

»Bulk density

YWater solubility index

“Indicates the screw configuration of each type exhibited in Figure 1.
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