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Extrusion—cooking Using Twin—screw Extruder on Cordyceps Pruinosa

D. E. Kim

J. M. Sung

W. S. Kang

The extrusion-cooking condition on Cordyceps pruinosa was designed using twin-screw extruder. Response surface
methodology (RSM) was used to investigate extrusion-cooking using a central composition design with varying die
temperature (114-146C), feed moisture (22-38%), feed rate (4-14 kg/h) and screw speed (120-280 rpm). System parameters
(die pressure and specific mechanical energy (SME)) and extrudate parameters (density and water solubility index (WSI))

were statically analyzed using RSM.

Die pressure was significantly affected by temperature, moisture contents and feed rate. SME was affected by screw speed
and feed rate. When die temperature is 130°C and moisture content 25%, the optimum pressure is shown. SME is about
20 Wh/kg, when feed rate is 10~ 12 kg/min and screw speed 200 ~250 rpm. WSI was affected by temperature and moisture
contents. Density was not affected by any factor. WSI increases by 7% from about 23% to about 30%, as temperature is

raised from 120C to 140C.

The WSI of Cordyceps pruinosa pulverized after extruding (PE) is about 26.97% higher than that of raw material and
10% higher than that of pulverized after drying (PD). The content of unsaturated fatty acid were not significantly different
in PD and PE. Anti-oxidative activity of PE was 1.67-2.2 times higher than that of PD in Cordyceps pruinosa using

1-diphenyl-2-picrylhydrazyl method (DPPH)
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Table 1 Moisture content and bulk density of coarsely fractioned
Cordyceps pruinosa.
Moisture content (%, wb) Density (g/cm’)
22 0.2022
25 0.2245
30 0.2434
35 0.2667
38 0.2841




S

2%

A sEdd o
438 7](Co-rotating, intermeshing type twin-screw
Extruder, HANKOOK E.M Ltd., Korea)24 L/D2] H|7}
32:1 ©]a, 2357 A2 32 mmo|H 23F ujde I3 13
2}, gl 83 237/ conveying element 48 mm, 33
mm, 24 mm, 11 mm(forward pitch)©]3l, Kneading element
24 mm(90°, 60°, 45°, forward), 33 mm(30°, forward)o|c}.
& w7 3ol A RE] tlo] ¥EO 2 kneading element
(KEy& 90°, 60°, 45°, 30° A& 91248 237 =4 H
2 AgE gslglon, thol9] L/D H(Land length/Diameter)
T 7:1019 A& 4 mmS] 93 BHYE ARsolnh viEge
8719 section®.2 FAIE]o] 9lom, 7R A 3W section”}A]
G719 F2-e2 2438k 110/100/90/80/70°C 0.5 11 A
algion, tholo} g vjde] REE W3} Al7]HA AHEIG]
CHE 2). =9 2aaE A8 79l 844
sing-screw feederg AM&-ste] FaSith

+AFe 48 F9 &5, 237 HEE, motor amp,

€]
FE¢te Soll tigk A8+ LCD display panel©ll #}

=
s W=

ot
FAY

225 =
1 —
FoF A I, FAY InterfaceE E5l 250 g A=

Table 2 Temperature profile in extruder zone.
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Lzsetnli:?é;e ({,g) Temperature profile (C) Table 3 Levels of independent variables for experimental design.
Die B8 B7 B6 B5 B4 B3 X independent Levels
1 114 114 110 | 100 | 90 80 70 ' variables -1.607| -1 0 +1 |+1.607
2 120 120 110 100 90 30 70 Xi Temperature (C) 114 120 130 140 146
3 130 130 110 100 90 80 70 X, |Moisture contents (%)| 22 25 30 35 38
4 140 140 110 100 90 80 70 X3 feed rate (kg/h) 4 6 9 12 14
5 146 146 110 100 90 80 70 X4 | screw speed (rpm) 120 150 | 200 | 250 | 280
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Fig. 1 Screw configuration (KE 90°, 60°, 45°, 30° Right).
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Table 4 The operating conditoins of the GC for fatty acid.

Instrument Hewlett-Packard 6890 Gas Chromatography

ZB-WAX (30 m X 025 mm id X 0.25 um df)
Capillary Column

Column

Initial temp. | 140TC

Oven. Final temp [ 2507
temp.

Final time | 30 min
Injector temp. 250C
Detector temp. 260C

Carrier gas flow rate| 30 mL/min
Split Ratio 7:1




Zot2 7+ Alg E57} 10, 40, 80, 160, 200, 400, 800 ug/ml
7} =A 3+, 0.1 ml DPPH(1,1-Diphenyl-2-picryl hydrazyl)
89(99.5% Ethanol &3l)2 71+ ol 37Tl 30% &<t

Y=854.9628-8.6306X,-13.9598X,+9.8024X3-0.3496 X,
+0.0311X,°+H0.0212X, X,+0.1480X,°-0.1062X5X,
+0.1042X:X>+0.0108X5°-0.00012X,X,+0.0018X. X,
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FAT 5EG 4F YA LE, FEUY 48 FF o gos) sase] 4E8e] dxol 7]/ H237) o
%, 24F S 9 a7l9 SAUFTE 4E el vAE ox) e $E20 gasie] dEE oA el B3}
P BAoIginh R 7] B4E A% B AT S FoluA FUs WS sH AES o & 4 quhs
ol e ARAFR)E 09189 ¥HE BFPL APt e na o = g}
zgo) gt §9EE (Prob>F)& <0.0001°] L} FAHC
2 GOSUTE 5). A9 Edsh &5 ol A K0 & 2) HIIAA HHRISMEIS) W
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Table 5 Response surface methodology of central composite design - analysis of variance, factor presumption.
Die Pressure [bar] SME (Wlh/kg) Density (g/cms) WSI (%)
Regression| DF" SS R* | Prob>F | SS R* | Prob>F | SS” R* | Prob>F | SS R’ | Prob>F
Linear 4 2347.61 | 0.7367 | <0.001 | 1673.11 | 0.4523 | 0.0025 | 0.1393 | 0.2882 | 0.0352 98.02 0.7816 | <.0001
Quadratic 4 335.50 | 0.1053 | 0.0209 | 902.63 | 0.2440 | 0.0252 | 0.0711 | 0.1470 | 0.1836 9.43 0.0752 | 0.1133
Cross 6 245.38 | 0.0770 | 0.1297 | 387.77 | 0.1048 | 0.3924 | 0.1467 | 0.3036 | 0.0769 | 4.69 0.0373 | 0.6115
l\r/lrz?ell 14 | 292849 | 0.9189 |<0.0001 | 2963.50 | 0.8011 | 0.0114 | 0.3571 | 0.7387 | 0.0454 | 112.12 | 0.8941 | 0.0003
Factor DF SS Prob>F SS Prob>F SS Prob>F SS Prob>F
X13) 5 1915.11 <0.0001 505.78 0.1848 0.1121 0.1044 69.69 0.0001
X24) 5 795.04 0.0012 650.86 0.1052 0.1340 0.0652 30.74 0.0043
X35) 5 378.60 0.0241 1044.19 0.0268 0.1217 0.0851 1246 0.0905
X46) 5 82.50 0.5506 1161.17 0.0186 0.1349 0.0640 3.63 0.6260
DF" : Degrees of freedom
SS? : Sum of squares of residue
X, : Temperature (‘C)
Xzf’ : Moisture contents (%)
X5” @ Feed rater (kg/h)
Xs¥ : Screw speed (rpm)
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Fig. 2 Response surfaces plot of temperature and moisture contents
on the die pressure at constant screw speed and feed rate.
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Table 6 WSI of Cordyceps Pruinosa obtained from Processing.
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Table 7 Fatty acid composition of Cordyceps pruinosa.
Fatty Acid (%)
14:0 15:0 15:1 16:0 16:1 17:0 17:1 18:0 18:1 18:2 18:3
PD trace 0.35 0.25 13.90 1.55 0.33 trace 1.85 21.27 28.42 31.46
PE 0.18 0.30 0.12 13.58 1.33 0.17 0.08 1.92 24.09 26.10 30.67
Fatty Acid (%)
Total Amount of Total Amount of
20: : 20:2 : : :
0:0 20:1 0 22:0 230 24:0 Saturated Fatty Acid Unsaturated Fatty Acid
PD trace 0.36 trace trace 0.26 trace 16.69 83.31
PE 0.25 0.30 0.09 0.23 0.43 0.16 17.22 82.78




Antioxidant effect of CPEEs
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Fig. 6 Antioxidant effect of Cordyceps pruinosa by processing.
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