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Effect of twin-screw extruder process parameters
on aquatic feed physical attributes

YU Wei-wei, LIU Jun-rong, WANG Yong, LU Hong-bo, XIE Zhi-fen
( Department of Food Engineering , Dalian Fisheries University , Dalian 116023, China)

Abstract: Extrusion cooking has been used for processing food for many years. Food products like read-to-eat
cereals, some snacks, dry or semimoist pet foods, confectionery products, macaroni products and texturize soy
protein products can be made with extrusion cooking. Extrusion operations require a high level of knowledge
about the significant input and output process variables. Less national literatures are available on twin-screw
extrusion used for processing aquatic feed. Thus, the objective of this study is to investigate effect of twin-screw
extruder process parameters on aquatic feed physical attributes. A twin-screw extruder is a complex system with
multi-parameters both of input and output. Mechanism about the system is not very clear. Building of a theory
model to indicate running system is difficult. Regarding the system as a black box, regression analysis method is
used to analyze relations of outputs and inputs. Second-order regression general rotational design is used in
experimental design and regression analysis in this study. A mixture of corn meal, deoiled soy flour and fish meal

is extruded by a twin screw extruder to produce aquatic feed. Screw speed, solid feed rate and water feed rate are
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adjusted to make aquatic feed with different physical properties indicated by expansion ration, apparent bulk
density and water stability index. In the mean time, buoyancy of the produces is observed. All experiment are
carried out using a co-rotating Clextral twin-screw extruder (Model BC-45) designed with 5 barrel sections, and
bored with two 4 mm diameter holes. Screw speed, solid feed rate are electronically controlled from a panel
board. These operating parameters and electric current on the drive motor are read directly from digital displays
on the control panel. Water feed rate can be manually adjusted. The temperature profile in the 5 barrel sections
from the feed end are set at 100, 150, 180, 180, 120 C for all experiments. Variables include screw speed
(316, 350, 400, 450, 484 r-min~"'), solid feed rate (3.3%, 5%, 7.5%, 10% , 11.8% ), and water feed
rate (11.6%, 15%, 20% , 25% , 28.4% ). When extrusion operations are under steady state, samples are
collected for analyzing. Expansion ration is measured as the ration of the cross-section area of the extrudate to that
of the die. The diameter of the extrudate is the average of 10 random measurements at 90° to each other.
Apparent bulk density and water stability index are measured following the method of Roile et al . (2001) . The
regression equations of expansion ration, apparent bulk density and water stability index on screw speed, solid
feed rate and water feed rate are established respectively. Analyses are carried out based on t-test. Results show
the effect of screw speed( X;) and its square( X7), and interaction of screw speed( X;) and solid feed rate( X,)
on expansion ration is not significant ( P >0.05), meanwhile effect of solid feed rate ( X,) and its square( X3),
water feed rate ( X;), interaction of screw speed and water feed rate ( X;X;) on expansion ration is highly
significant( P < 0.01)in experimental range. Similarly effect of screw speed( X;), solid feed rate square( X3)
and water feed rate square( X3) on apparent bulk density is not significant (P >0.05) and effect of screw speed
square( X?), interaction of screw speed and solid feed rate ( X;X,), that of screw speed and water feed rate
(X, X3) on apparent bulk density is highly significant ( P < 0.01) in experimental range. The results of the study
show that all the chosen parameters influenced the expansion ration and apparent bulk density remarkably. Two
regression equations can be used to predict and control the extrudate expansion ration and apparent bulk density .
The correlation of the water stability index on process parameters investigated is not significant under the
experiment condition. Further research work on it need to be done in detail .
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B YR BB LR 1.
1.2 KEE&
A 56 B B9 R & 8 E Clextral 2y B &4 7=

ML, B TAEEAFK A 1000 mm, K2 H N 18:1,
Jias Ak Bl A T s B A B, L o R R — BTG i #A
TIRESD , HoAR DU/ s BEER A HE B in #0420 18 36

#) BC-45 Bl[F [ ig % £ &Wia B PUBHHE R4, HAERERN 4 mm, 3t 2 MEAL,
F1 ERNERHEARREBELL
Tab.1 Proximate composition of materials and ratio
JERHECEL) K4 HEA AR 5 TR K4y
materials(ratio) moisture crude protein crude fat starch ash
EY#(50% )  deoiled soy flour 9.5% 44.3% 1.5% 34.2% 3.7%
#18(30% )  fish meal 8.0% 45.0% 10.0% 14.2% 15.3%
EKH(20%) corn meal 11.5% 7.1% 3.0% 74.7% 0.7%
1.3 BESHHRE % & # AR % F (apparent bulk density, ABD) ]
AL HEARFENRESHSHFE 2 22 Roile L0 WM EFE, BIAERES
MR, R P TR R VLIRS ROR 4 i 3 k.,
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x2 HMESRNEE
Tab.2 Barrel temperatures in different sections of extruder

Bt section 1 2 3 4 5

EBEE(C)  temperature 100 150 180 180 120
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K ¥ %8 5% PE 35 # (water stability index, WSI) &
ME 2% Roile FO W E T %, B RAFH
T 2 KM E . WSI#TFRITE:

KR EEIEE =1000 - TYRHRAEE x
1000/ V) E & (T)
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Tab.3 Actual and coded levels of variables for experimental design

HZ 4/ TG 4if%7KF  coded level
factor name code —1.682 -1 0 1 1.682
WEFFEE /r-min~!  screw speed X, 316 350 400 450 484
HERHEFE/ % solid feed rate X, 3.3 5 7.5 10 11.8
HEKHEH /%  water feed rate X3 11.6 15 20 25 28.4
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(1) BESHESH LY N EIHTER .
Y;=1.047+0.016X; +0.133X, —0.123 X; —
0.017X, X, —0.070X, X5 — 0.084X, X5 — 0.019X? +
0.079X3 + 0. 031X3 (R? = 0. 942; R,.05= 0. 855;
Ro.o1 =0.904)

(2) BAESH S H MY EREERE T TTRN

Y, =477.336-1.147X; —9.044 X, + 6.836X; +
12.400X, X, + 16.400X, X, + 10.600 X, X5 +
26.657X7 — 1. 833X3 + 2. 621 X2 ( R*> = 0. 924;
Ro.0s=0.855; Ry o1 = 0.904)

3) BESHSHFHYKPRE®EIEE E B
BA:

Y5 =775.986—-7.175X, — 24.808X, — 7.779 X5 +
3.875X, X, + 13.375X, X5 + 6. 125X, X5 + 0. 556 X3
—26.011X3 —22.244X2( R?=0.641; Ry o5 = 0.855;
Ro.o1 =0.904)

R4 ZIRARS54R
Tab.4 The scheme and results of the experiments

A KS  experiment no. X, X, X;3 Y, Y, Ys UL ups and downs
1 1 1 1 0.97 539.2 750 -
2 1 1 -1 1.61 467.2 684 +
3 1 -1 1 0.93 523.2 754 -
4 1 -1 -1 1.21 492.0 733 +
5 -1 1 1 1.08 488.0 739 -
6 -1 1 -1 1.42 480.0 47 +
7 -1 -1 1 0.95 520.0 779 -
8 -1 -1 -1 0.97 556.0 791 -
9 -1.682 0 0 1.01 544..8 740 -
10 1.682 0 0 0.97 548.8 762 -
11 0 —-1.682 0 1.03 468.0 736 -
12 0 1.682 0 1.50 464..0 616 +
13 0 0 —-1.682 1.24 473.2 738 -
14 0 0 1.682 1.02 484..0 635 +
15 0 0 0 1.04 472.0 777 -
16 0 0 0 1.05 475.6 786 -
17 0 0 0 1.04 478.0 776 -
18 0 0 0 1.06 466 .8 770 -
19 0 0 0 1.05 482.0 781 -
20 0 0 0 1.05 488.0 775 -

T Yy NIZALEE ; Yo MR B 5 Vs K P RRE VIR R0 + itk - AT

Notes: ¥; means expansion ration; Y, means apparent bulk density(kg+-m %) ; ¥; means water stability index; + means up; — means down
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