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A Study on the Physicochemical Properties of Extrudate
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The present study was focused on investigation of proper processing conditions to
develop physicochemical properties of extrudates using sea mustard and corn by single
extruder.

Response surface analysis was used to evaluate effects of extrusion variables on the
quality of the extrudates. Physicochemical dependence variables of sea mustard extrudates
with corn grits show a significance correlation of within 5%.

Among the various dependence variables, the expansion ratio showed a high correlation
with bulk density, break strength, water solubility index and yellowness.

Bulk density correlated closely with water solubility index; break strength with water
absorption index and lightness, and water absorption index with lightness. Water solubility
index and lightness showed a significance correlation with vellowness of within 0.5%.

Three dimensional graphic analysis on response surface regression was conducted with
each of the dependent variables which revealed statistically significant relationship to
independent variables: 15~21% moisture content, 10~30% sea mustard content and 95~
115 T die temperature.

Expansion ratio decreased with increasing moisture and sea mustard content. It showed
the highest value at 18% moisture content, 10% sea mustard content and 95 T die
temperature. and the lowest value was at 21% moisture content, 30% sea mustard content
and 105 T die temperature.

Bulk density was highest at 21% moisture content, 30% sea mustard content and
105 T die temperature. On the other hand, it was lowest at 18% moisture content, 10%
sea mustard content and 95 T die temperature.

Break strength was highest at 18% moisture content, 10% sea mustard content and
115 T die temperature, but lowest at 21% moisture content, 30% sea mustard content
and 105 T die temperature. Water solubility index increased in the range of 43.9~54.8%
as the moisture content increased.
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Table 1. Levels of independent variables for experi-
mental design
Levels
Xi Independent varables

-1 0 1
X1 Moisture content(%) 15 18 21
X2 Sea mustard content(%) 10 20 30
X3 Die temperature( ©) 95 105 115

Table 2. Coordinate of points a three variable compo-
site design(design matrix)

Independent variable

Design point

X1 X2i X3i
1 -1 -1 0
2 1 -1 0
3 -1 1 0
4 1 1 0
5 0 0 0
6 -1 0 -1
7 1 0 -1
8 -1 0 1
9 1 0 1
10 0 0 0
11 0 -1 -1
12 0 -1 1
13 0 1 -1
14 0 1 1
15 0 0 0
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Table 3. Extruding conditions for corn extrudate with
sea mustard

Parameters Extrusion conditions
Screw speed 250 rpm

Type of barrel grooves Straight

Type of screw Puffing screw

L/D ratio 5.0

Die size 6mm X1 hole

Preheating temp. 80 T

Die temp. 95~115 €

Colling water input 1/2 open

Barrel length 30 em(2 section)
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Table 4. Proximate composition of sea mustard and corn

BY-204-FA2

o

235

ZF 10%, EFTFLE 95 TN AT & Y
Eo| 3222 714 Eghow, 8 21%, g
Z 30%, ESTLE 105 LA AR &Y
Eol 1422 7V 9o & AgEE B3se
TR, v g o] Fotge atet WiAE Fh
e BHE, EST 2x 9] b wE AeAe
tasta, aedME Fohste 4 29 34

B rr

£d

dutd oz sPgrjzte HRA I8 E ,
Qhatoll M MEd o) dojuir, ulg FaFo] F7t
o met 474 2 e dNAPEY fYe=
HAQ AEA kol o] osted Pago] A
a8l Aoz AZhE o) ¥4, Spadaro 5(1971) 2
WEd 47 R st Ed A Edo] E
TE THE 9 dojutes FAI GHAsE ¥4
He delet s+ 3, Gomez9t Aguilera(1984) =

o

=
=

grits

(Unit : %)
Raw materials Moisture Protein lipid Ash Carbohydrate
Fresh sea mustard 90.1 2.0 0.1 38 40
Dried sea mustard 129 20.3 13 270 385
Corn grits 10.7 7.1 0.3 05 80.0
Table 5. Physicochemical properties of corn grits extrudate containing sea mustard
T Independent variables* Dependent variables**
ng)t.' Mc SC  TEMP ER BD WAI  WSI LIG RED YEL
(%) (%) (O em®)  (kg) (%) @ €)) (b)
1 15 10 105 172 0132 565 3.58 45.1 532 -021 155
2 15 20 95 202  0.080 555 397 53.6 579 -053 173
3 15 20 115 271 0.088 860 398 53.7 52.7 -1.03 16.8
4 15 30 105 198  0.139 435 497 454 433 -0.91 14.1
5 18 10 95 322 0071 1210 4.38 54.8 512 -1.02 17.5
6 18 10 115 306 0115 1505 5.09 49.2 529 -128 181
7 18 20 105 256  0.109 42.0  5.69 519 48.8 -1.38 164
8 18 20 105 280 0114 902 6.46 46.8 471 -148 162
9 18 20 105 259 0107 505 5.78 52.7 46.2 -0.82 156
10 18 30 95 197 0179 310 7.81 439 440 -1.31 14.6
11 18 30 115 203 0165 418 6.65 46.5 44.1 -1.70 15.0
12 21 10 105 318 0108 775 5.82 540 54.6 -1.85 185
13 21 20 95 284 0102 1220 457 544 505 -119 174
14 21 20 115 272 0120 615 4.73 52.0 48.1 -2.02 16.7
15 21 30 105 142 0264 263 6.09 45.1 463 -120 155

*MC: Moisture content, SC: Sea mustard content, TEMP: Die temperature
**ER: Expansion ration, BD: Bulk density, BS: Break strength, LIG: Lightness
WAI: Water absorption index, WSI: Water solubility index, RED: Redness

YEL: Yellowness
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Table 6. Mean values of each dependent variables

Dependent variables mean unit
Expension ratio(ER) 245
Bulk density(BD) 0.12 g/em?
Break strength(BS) 70.39 kg
Walr grpin 0 %
Water solubility index 49.94 %
Lightness(L) 49.39
Redness(a) -1.19
Yellowness(b) 16.35
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Table 7. Correlation matrix among dependent variables
Deperdent  pp(y) BD(Y) BS(Y) WAKY) WSI(Y9) L(YD  a(¥)  b(¥)
ER(Y) -0.7140*** (.7686*** -0.1455  0.7106*** 0.3365 -0.4044  0.7489**+
BD(Y,) -0.5660* 0.5454* -0.7458*** -05668*  -0.1449 -0.5684*
BS(Ys) -0.3819 04771 0.4685 -0.0500  0.7282%**
WAI(Y,) -04811  -0.6711** -0.5260 -0.3948
WSI(Ys) 05919  -0.0889  0.7622%**
L(Ye) 03026  0.720%**
a(Y,) -0.2054
b(Ys)

* Significant at 5%,
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Fig. 2. Three dimensional plot of relationship between bulk density of corn grits extrudate, moisture content and
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Fig. 3. Three dimensional plot of relationship between bulk density of corn grits extrudate, sea mustard content
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Fig. 5. Three dimensional plot of relationship between water absorption index of corn grits extrudate, moisture
content and sea mustard content of feed.
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Fig. 6. Three dimensional plot of relationship between water solubility index of corn grits extrudate, moisture
content and sea mustard content of feed.
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