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Objectives
v To develop a viscosity model as a function of shear rate, temperature and level of SWF, and
v To study the effect of SWF level, screw speed and temperature profile on extrusion processing

parameters including mass flow rate, torque, specific mechanical energy and viscosity of the
dough.

Abstract
A viscosity model was developed to study the influence of soy white flakes during extrusion of fish
feed and the effect of extrusion processing parameters on mass flow rate, torque, specific
mechanical energy and viscosity of dough inside a single screw extruder were evaluated. Full
factorial design was used for three variables each at three levels which generated total 27
experimental runs. Round capillary die rheometer was used to determine the rheological data of
the dough within the extruder. It was observed that increase in the soy white flakes content
resulted in a higher mass flow rate, torque and specific mechanical energy and a decrease in the
apparent viscosity. The specific mechanical energy, mass flow rate increased and viscosity
decreased with increase in screw speed. Higher barrel and die temperature led to decrease in the
apparent viscosity of the dough, torque and specific mechanical energy. The viscosity model
developed in this study can be applied to develop large-scale extrusion models to determine the
effect of soy white flakes on the feed material extrudates.

Conclusions
v Aquaculture feed mixes used in this study exhibited shear thinning behavior.
v Power law modeling of the observed apparent viscosity indicated that the viscosity of the blends is greatly

affected by the level of temperature.
v Increasing the SWF content resulted in a higher mass flow rate, torque and specific mechanical energy.
v Increasing screw speed, specific mechanical energy and mass flow rate increased and viscosity decreased.
v At higher temperatures in the barrel and the die, the viscosity of the dough decreased, which led to a

decreased torque requirement and specific mechanical energy.

Results

Viscosity Model

Fig. 2: (a) Round capillary die, and (b) Capillary nozzles 
having different L/D ratio

Fig 3: (a) Schematic representation of an extruder/die configuration 
and position of temperature /pressure transducers (b) X- sectional 

view of a round capillary die and (c) Capillary nozzle

Single  screw extruder was used
Materials:
SWF, DDGS, Corn flour, Corn gluten meal, 
Fish meal, Vitamin & Mineral mix and Soybean oil

Materials and Methods

Feed Ingredients Mass of ingredients (g/100g)
Blend I Blend II Blend III

Soy white flakes 30 40 50
DDGS 29 15 4
Corn Flour 25 30 33
Fish meal 5 3 0
Corn gluten meal 6 6 6
Vit. & Mineral mix 2 2 2
Soy bean oil 4 4 5
Total 100 100 100

Table 2. Ingredient composition of feed blends

Experimental design:
v Full factorial design

Independent variable 1 2 3
Soy white flakes (%) 30 40 50
Barrel temperature (oC)a 45-100-100 45-120-120 45-140-140
Screw speed (rpm) 80 120 160

a Feeding zone-metering zone-die zone

Rheological measurements

Q (mm3/s) = volumetric flow rate

(s-1)  = true shear rate

(s-1)  = apparent shear rate

(Pa) = shear stress

ΔP (Pa) = pressure drop

L (mm) = length of die
R (mm) = D/2 = radius  of die

(Pa.s)  = true viscosity

Starch/protein 
based matrix

Conveying, mixing, melting, pumping shaping &
drying

Fig. 1. Schematic diagram of a single screw extruder

Table 1. Experimental levels of independent variables 

K = consistency factor (Pa sn)
n = flow behavior index
b1 and b2 = constants 

Fig. 4. Response surface plot of viscosity for the effect of screw 
speed and temperature at 40% soy white flakes.

(b)

Fig. 7. Response surface plots of specific mechanical energy for the effect of (a) screw speed and soy white flakes at 
120 oC, (b) screw speed and temperature at 40% soy white flakes.

Fig. 6. Response surface plot of mass flow rate for the effect of screw 
speed and temperature at 40% soy white flakes.

Fig. 5. Response surface plot of torque for the effect of 
temperature and soy white flakes at 120 rpm

T =  barrel temperature (K)
SWF = soy white flakes (%)

Variable Viscosity SME Torque Mass flow rate
(Pa.s) (W-h/kg) (N-m) (kg/h)

SWF < 0.0001 < 0.0001 < 0.0001 < 0.0001
T < 0.0001 < 0.0001 < 0.0001 < 0.0001
SS < 0.0001 < 0.0001 < 0.0001 < 0.0001
SWF×T 0.7666 0.3536 0.0340 0.7252
SWF×SS 0.2109 0.0389 0.3193 0.4747
T×SS < 0.0001 < 0.0001 0.0655 < 0.0001

+SWF – soy white flakes, SS – screw speed, T – barrel temperature 

Table 4. Interaction results for SWF content, temperature and 
screw speed on process parameters (P values)

Equation 
Parameters

Paramete
r 

Estimate

Standard 
Error

t for Ho
Parameter = 0 Prob > |t|

ln(K) -290.393 27.4428 -10.58 < 0.0001
(n-1) -0.04113 0.00595 -6.92 < 0.0001
b1 196424 13261 14.81 < 0.0001
b2 -1071.70 214.011 -5.01 < 0.0001

Table 3. Coefficients for the viscosity equation 

(a)


