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Extrusion technology in feed and food processing
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ABSTRACT

Salmon mixed feed was extruded in a five section Buhler BCTG 62/20 D twin screw
extruder at 300, 450 and 600 rpm of extruder screw speed with different production
output of 34kglh and 66kg/h for each screw speed respectively. This experimental design
was used for different die geometry intended to have cylinder or funnel shape pre nozzle
hole (P ill). The length, shape and the diameter of the nozzle was the same for both,
cylindrical or funnel shape design.
The specific density of fish feed pellets was positively influenced by the extrusion die
without the dead flow areas such as funnel PNH when compared to the cylindrical P 'H.
Funnel PNH has greatly influenced radial expansion of extruded feed while longitudinal
expansion was influenced more by cylindrical PNH. The physical quality of extruded
feed pellets was considerably better when funnel PNH was used. The power, specific
mechanical energy (SME) and torque were higher while using the funnel PNH compared
to cylindrical PNH. The die pressure increase was mainly influenced by feeding rate and
screw speed but not by PNH. The temperature along the extruder barrel was influenced
by PH's as well as feeder rate and screw speed.
In general terms the data indicated that by consuming the similar energy while feed
extruding, the funnel PNH can have higher production output rate with noticeably better
product quality.
Keywords: Extrusion, die, fish feed, screw speed, filling grade, bulk density, durability,
SME, torque, PDJ (%), power, pressure

INTRODUCTION

Extrusion processing, as formerly defined by Smith (1976), is thermo-mechanical
treatment by which moistened, expansible, starch and/or proteinous materials are
plasticized and cooked in a tube by a combination of moisture, pressure, temperature and
mechanical shear, and thus pre-define shaped through the die opening at extruder outlet.
The essence of pre-defining shape is the die design. From the engineering point of view
it is difficult to predict what will happen to the extrudate once it leaves the die. At this
point effects as the extrudate swell, moisture flash-out, cooling and relaxation of the
extruded material affect the actual size and shape of extrudate. The objective of extrusion
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die is to distribute melted feed extrusion polymer in the die nozzle flow channel such
that the material exits the die with a constant velocity (Harper, 1981). A few general
rules are important for the extrusion die design such as to avoid the dead spots in the
flow channel and to avoid the abrupt changes in the flow channel geometry
(Rauwendaal, 2001). Bouzaza et al. (1996) have explained that the die design and the
production throughput have influenced the radial as well as longitudinal expansion at the
same specific mechanical energy (SME). A number of authors have shown that the die
properties are important for greater radial expansion and minimizing the energy
consumption during the extrusion process (Sokhey et aI., 1979; Michaeli, 1984).
However, the variables that should be taken into consideration are the rheological
properties and thermodynamic of'.conditioned feed material in the die, as well as in the
expansion processes present between the die and the feed material. The extruders screw
speed has crucial effects on the physical quality of the extruded product while feed rate
has no effect (Brncic et al. 2006). Models on effect of extrusion processing outputs on
expansion and textural properties of extrudates have been proposed by several authors
(Owusu-Ansah et aI., 1983; Bhattacharya & Hanna, 1987). Entanglement of the extruded
material molecules is related to a few important factors such as the extrusion dwell time,
temperature and pressure (Gordon et al., 2007).
Designing the die geometry for the purpose of this research had an attempt to find the
optimal die pre nozzle hole (PNH) shape, which will minimize the internal forces,
unnecessary strain and energy consumption and hence better product quality. The shape
of the die between the entrance and the die nozzle has been selected by experience rather
than rigorous engineering principles. In this paper, the bulk density, radial (RE) and
longitudinal (LE) expansion, as well as the durability measurements were all performed
on the extruded pellets in order to analyze the influence of PNH shapes with different
screw speeds and output rates on processing parameters. The benefit of this research is
for any feed and food industry that uses the extrusion cooking.

MATERIALS AND METHODS

Prior to the experimental feed production a simulation of an internal sheer stress
formation in the die was examined by the computer software (SolidWorks 2003 and
SolidWorks Flow simulation, 2009) in cooperation with Department of Mathematical
Sciences and Technology (IMT) at the Norwegian University of Life Science (UMB),
As, Norway. An actual experimental production was performed at the Centre for Feed
Technology, Fortek, UMB. Feed was formulated to meet or exceed the nutritional
requirements for salmon fish (table 1).

Experimental design
Wheat was separately ground in the hammer mill fitted with two 0.8 rnm screens and
thereafter mixed with the rest of the ingredients (table 1) followed by grinding of the
entire feed mix through the same screen. This batch was divided into two sub-batches
that were extruded either with funnel or cylinder alike pre-nozzle die hole. For each of
these die settings extruder was run with three different speeds and two different output
rates. Therefore this was a three-factorial experiment with two levels of die types, three
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different extrusion screw speeds and two different output rates. The experiment was run
twice to obtain duplicates.

Processing
The hammer mill (Bliss Industries, Inc. Oklahoma U.S.A. Model E-22115-TF) was fitted
with two screens (0.8mm) and was driven by an 18.5kW electric motor with a rotational
speed of 2970 rpm and had an invariable amperage of 5 amps with milling output of
250kg/h. Air was sucked through the hammer mill screens by the speed of 7.2 rnIs with
the use of a Jesma Co (Sprout Matador A/S, Esbjerg, Denmark) fitted with a type DFC
filter. Mixing of experimental diet with the batch of 150 kg was done in a twin-shaft
paddle mixer Dinnissen (Pegasus Menger 400 I, Sevenum, Holland) for 180 seconds.
Thereafter a feed compound was run through 0.8 mm hammer-mill screens in order to
obtain uniform particle size distribution.
Subsequently the experimental feed compound was fed manually to the twin screw
feeder (K-Tron KT20, Niederlenz, Switzerland). A feeder was adding 34 kg/h and/or 66
kg/h of the experimental feed compound into the twin screw, five barrel sections
extruder (BCTG, Buhler, Uzvill, Switzerland) with the co-rotating twin screw speed of
300,450 and 600 rpm respectively. Moisture was added in all experimental diets directly
into the extruders 2nd section as 21 0 C water. Water was added 25% of total feeding
production rate in order to keep the same drag flow. Screw configuration was the same
for all the experimental runs (100RI00, 80R80, 80R80, 80R80, 60R60, 60R20, 80R80,
60L20, 60R20, 60L20, 60R20-90° twist off, 80R80, 60R60, 60L20, 60L20-continually,
80R80, 60R60, 60L20, 80R80, 60R60, 60R60, 60R60, 60R20, 60R60) with a screw
length of 1260 mm, R indicates forward conveying element, while L indicated backward
conveying element. The first number in the element of screw configuration codes the
pitch length of the screw, while the second number after the letter gives the elements
length. All numbers are presented in rnillimetres. At the end of the screw elements the
peek-die nozzle was used. The dies used for this research were with pre-nozzle hole
shaped geometry of a cylinder (PNHC) and/or a funnel (PNHF) with the same die nozzle
shape (cillinder), length (5mm) and diameter (3!1ID1).The design of the dies is presented
in the figure 1. The experimental extrudate was cut with 6 knifes and the cutting speed of
2900 rpm. Production data reported are means of values manually recorded 3S an instant
observation. All the diets were dried in batch dryer for 40 minutes on 65 (+/- 5) "C.

Analysis of physical properties of extruded fish feed
All extruded feeds were representatively sampled after drying in form of uncoated pellets
(in order to avoid any possible variation caused by fat addition during feed analysis).
Bulk density was measured 24h after the production as the mean of four measurements
by filling a cylindrical 1 liter container that was wiped off at the top and weighed out.
The durability analysis was performed by measuring pre-sieved sample accurately 120g
and put into Doris durability pellet tester (type 80000, Akvasrnart AS, Bryne, Norway)
tllat is consisted of an Archimedes screw that feeds pellets into a vane, simulating stress
that pellets are exposed to during the pneumatic conveying in fish farm feeding systems.
Thereafter the sample was sieved. Sieving procedure was the quantification of the
amount of dust formed after the durability analysis where sieve shaker (Retsch, AS
control 200) was run for 30 seconds with vortexing amplitude of 1.5 mm.
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Table I. Fish feed formula

Fish feed diet (%)
Major ingredients
'Fish meal
2Wheat
Minor ingredients

76.1 7
22.39

*Carophyle pink
**Vitamin-Mineral premix

0.04
1.4

, orsECO, Egersund Sildeoljefabrikk AS, Egersund, Norway.
2Whole wheat, Felleskjepet, Kambo, Norway.
* Carophyll® Pink 10% CWS, DSM Nutritional Products, LTD, Basel, Switzerland.
**Vitamin-Mineral premix - Fish, Norsk Mineralnrering, Hennefoss, Norway.

The size of the sieve was 2,8rnm. Sieve size was chosen as closest available to the
extrusion die-nozzle diameter. Feed pellets that remained in the 2,8rnm sieve after
shaking were considered as non-fractured. Thereafter those pellets were weighed and the
weigh difference between the pre-analyzed and analyzed-sieved sample has given the
results for pellet durability index (PDI%). The durability analysis was performed in
duplicate. RE and LE rate was recorded with electronic digital caliper (Wurth, Germany)
and the results presented are the means of 15 radial and longitudinal pellet measurements
for each collected feed sample.
Three way analysis of variance with variable die geometry, feeding rate and screw speed
was performed using GLM procedure of SAS software (SAS Institute Inc., 1999).
Significant differences between treatments were determined by using the Ryan-Einot-
Gabriel-Welsh F-test. The influence of previously mentioned factors on the responses
such as the expansion rate, bulk density, durability, SME, torque, die temperature and the
die pressure as well as the temperature change within the extrusion sections was
presented with the level of significance 0.05.

RESULTS

The obtained shear stress simulation has shown the possibility that PNHF in the die have
better pressure build-up and hence steady product formation when compared to PNHC
(figure 2). The simulation has shown that PNHF requires less pressure to keep the same
flow rate. The major pressure build-up in the die with the PNHC simulation showed to
be just before the nozzle and within the nozzle's channel.

Physical properties of extruded fish feed

The obtained ground fish feed premix after grinding had 95% of particles from 0.1 to 0.5
rnm. The RE of the experimental fish feed was positively influenced by PNHF and hence
the density of the product (table 2).
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Figure 1. Experimental die design: cylindrical and funnel pre-nozzle hole
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Figure 2. Shear stress simulation expressed in bars

The density was greatly influenced (p<0.05) by feeder rate and the screw speed. Further
on, the LE was influenced by PNHC which has no valuable meaning for fish feed
extrusion. Higher feeder rates have positively influenced RE due to higher pressure and
torque increase, while no effect was found by increase of the screw speed. This can be
explained due to driving force for melt expansion increase. The PDI (%) was positively
influenced by usage of PNHF while no important changes in jhe feed quality were
observed when compared the feeder rates. Up to 450 rpm of the screw speed the physical
quality of fish feed was not changed. However, as the screw speed was increased up to
600 rpm the physical quality was significantly (p<0.05) decreased.

57



VI
00

Table 2. Effects of Die Geometry, Feeding Rate and Screw Speed on extruder processing *

.......................................~.i~.~~~~~I:~ ~::~I.?:~~~(~~!~L ~~~·:~:·.~p.e.e.c!.(~~.f) J!.:(?!'::~ .
..?0~~:: ?~!W~~ ~~ ?~ ~~~ ~~~ ~~~ ~.i~.~:e.~I:!~~~'f~~.~!\~t~.(~~~) ~~f~!':5¥.~~'(~~>!"'t

Physical properties
Radi.11 expansion (nun)

Lougitudinal expansion lUlIll)

Density (g I)
Pellet Durability Index (G,.

ProcessillV pnramefl'l'I

~ME 0.\"u. kg)
Torque (Nm'l

Power 0eW)
Die pressure (bar)

rflllpem(I/W loq

Die temperature
Temp. 1st section
Temp. 2nd section
Temp. 3rd section
Temp. 4tll section
Temp. 5III section

3.63b
7.743

392.71.1

918b

103451)
57.8b
11.8b

~2.6a

II SAa
~7.13

53.~a
IIL8a
124.13

1319a

3.79a

iJ~b
-Il0Aa
9-18a

IIS[Aa
66.0a
1~.9a
11.8a

108.-10

26.83
39.7b
WUb

116.60
11"U)

3.6.31.1

i.74a

4!6.la

9).Sa

137S.Sl
59.51.1
11.9b

18.Sb

106.51.1

26.i3

4Ub
106.23
116.2b
116.21.1

3)93

7J4b
386.9b
92.93

8371b
643a

11.93
2S.6a

120.4a
27.8a
52J3

IIO.3a

114.5a

BUa

.l.73a

i.O]b

437.8a
95.5a

833.1c
07.i3

~.6r
~5.2a

I02.-Ib

~6.lb

45.83
IOLSb
111.9b

115Ab

3.69.
7.45b

~l 7.31>

94.9a

1162.90

6~.5b
l~.Sb

23.7.

121 ~a
28.6.
4Ha
11063
1~1.2a
130 ~a

373a
s.ns
349.4c

89.60

13~7.6a
55.9c
14.9a
17.7b

116.8a
27.0ab

50.2.
112.5.

1269;'\
130.93

0.0001
0.0310
0.0015
0.0024

0.0030
O.OOO~
0.0009
0.~162

0.0013
0.2264

0.0021
0.0091

0.0195
0.0008

0.0001
0.0266
0.0001
03·+30

0.0001
0.0117
0.0019
0.0001

0.0001
0.1423
0.0130
0.1015

O.OIOS
0.0001

0.5830

0.0001
0.0001
0.0001

0.0001
0.0001
0.0001

0.0001

0.0001
O.03~~
04896
0.0039

0.0017
0.0011

*.\feaI1J ll'irhom common ;upmcrtm lI'iiliin a ro;(' fire SigJl!!iCGiIi(l' lP<O.05j d!(/el'em in a R.lall·lillor-GaoI7c/·ff'e/sh patr-wtse F·LeST.
··Pre-.'io::!e Hole Ci!!llld~/'
**~Pr(:~Xo::l(lHoie FWlnR!

C,'

~
is';=.

'"f'>

'if
o

~
~
'";:,.,
"~

'<i'
c;:,.,

"<:l
~
~.
~



Extrusion technology in feed and food processing

Processing responces

The die geometry has influenced the extrusion processing to a great extent (p<0.05).
Producing the extruded fish feed with PNHF have influenced the decrease of the
production temperatures within the extruder. TIle extrusion temperatures have increased
when feeding rate has increased where more screw flights are filled by the extruder melt,
and therefore the positive conveying capacity of the screw have increased to achieve the
greater flow rate and hence greater wall friction. The SME was directly affected by the
changes in the screw speed and feed rate. The SME as well as the torque and power were
increased by usage of PNHF. With higher feeding rates the SME was significantly
(P<O.05) decreased and the die pressure increased. The SME was linearly increased by
increasing the screw speed. Presented results in table 2 shows that the SME, torque and
power were increased by using the PNHF instead ofPNHC but not the die pressure. The
torque, power and the die pressure were all influenced by feeder rate and the screw
speed. Torque was increased by increasing the feeder rate (p<0.05) but decreased by
increasing the screw speed (p<0.05). The temperature increase in 3rd

, 4th and 5th section
in the extruder as a result of increased speed is in correspondence with general literature.
However, by increasing the feeder rate the temperature increase in the last two sections
have amplified (p<0.05), and it has influenced on the die temperature as well as the die
pressure (p<0.05). On lower screw speeds the extrusion temperatures were also low. By
increasing the screw speed up to 450 rpm the temperature has significantly increased,
presumably due to increased friction between the wall and extrusion melt. The
temperature increase was not observed by increasing the screw speed from 450 further to
600 rpm most probably because of similar viscous properties between the extrusion
melts.

DISCUSSION

An increase in throughput leads to an increase in the wall shear rate and consequently to
an apparent viscosity change of the melt at the die and hence increased RE. The
increased RE by usage of PNHF can be explained by gradual pressure accumulation in
the PNHF which allows the melt temperature to increase when pressure increases rapidly
in very short distance and thereafter enters the atmospheric pressure. The product's LE
was increased by increasing the speed most probably due to viscosity change. These
results are not in accordance with Rosehtrater et al. (2005) who neither saw a change in
RE nor LE as an effect of increased screw speed, while Lam and Flores (2003) have seen
non-significant indications. Increased PDI (%) corresponds well with findings by Brncic
et al. (2006) and Kraugerud and Svihus (2008). Effect of increased SME, torque and
power by PNHF should be investigated more in detail before establishing this as a
general judgment. The temperature increase by increased screw speed match findings by
Bouzaza et al. (1996). A proposition made by Unlu and Faller (2002) that the screw
speed and a feed rate influences the SME can be comparable to our findings. The
phenomenon observed in our experiment where increasing the feed rate have increased
the torque and increasing the screw speed have decreased torque is well elucidated by
Chang and El-Dash (2003)
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CONCLUSION

Funnel alike PNH may influence physical quality of fish feed pellets. The expansion rate
and hence the density may be increased and/or manipulated by using PNHF with slight
energy consumption increase. Overall, by using the PNHF, the higher production output
rate is possible with noticeably better product quality.
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