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ABSTRACT 
Extrusion technology is commonly used in fish feed production. In cooking zone of the extruder barrel, sufficient energy is im-

parted to gelatinize starch and denature proteins. Time in which material will be exposed to high temperatures and pressures depends 
of the time that material spends in the cooking zone. Length of the cooking zone can be varied by changing independed extrusion 
variables. In this investigation, screw speed, amount of added oil and total area of die openings were varied. The most severe condi-
tions of 0% of added oil, screw speed of 420 rpm, and 50 mm2 of total area of die openings, resulted in the highest temperatures at 
measuring points (T1 = 102.6°C, T2 = 104.0°C, T3 = 110.3°C, T4 = 118.8°C). It can be concluded that by changing independed extru-
sion variables, temperature profile in the barrel can be modified in order to achieve optimal extrusion conditions. 
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REZIME 
Proizvodnja hrane za ribe je složenija u poređenju sa proizvodnjom hrane za ostale kategorije životinja. Jedan od razloga za to je 

i veoma kratak digestivni trakt riba, zbog čega svarljivost hrane mora biti veoma dobra. Danas se hrana za ribe uglavnom proizvodi 
ekstrudiranjem, kojim se postiže termo-mehanička obrada pri čemu u zoni kuvanja cevi ekstrudera dolazi do želatinizacije skroba i 
denaturacije proteina. Dužina zone kuvanja može se menjati variranjem nezavisnih parametara ekstrudiranja. U ovom eksperimentu 
varirani su količina dodatog ulja (0, 3, 6 i 9%), broj obrtaja puža (180, 300 i 420 min-1) i ukupna otvorena površina matrice ekstru-
dera (50 i 100 mm2), a tempteratura je merena na četiri merna mesta, približno u poslednjoj trećini cevi ekstrudera. Najduža zona 
kuvanja dobijena je pri najoštrijim uslovima ekstrudiranja (0% ulja, 420 min-1, 50 mm2), sa temperaturama od oko 100°C na prva 
dva merna mesta, 110°C na trećem i gotovo 120°C na četvrtom mernom mestu, koje je najbliže matrici ekstrudera. Pri najblažim us-
lovima (9% ulja, 180 min-1, 100 mm2), temperatura na prvom mernom mestu iznosila je svega 54,0°C, a na drugom i trećem 58,5 i 
65,3°C. To su suviše je niske temperature da bi došlo do značajnijih promena u materijalu, te do kuvanja dolazi tek na samom kraju 
ekstrudera (84,5°C na četvrom kontrolnom mestu). Može se zaključiti da se variranjem nezavisnih parametara ekstrudiranja može 
podešavati temperaturni profil u cevi ekstrudera i time intenzitet obrade materijala. Najveći uticaj na visinu temperature i tempera-
turni profil ima broj obrtaja puža ekstrudera. 

Ključne reči: ekstrudiranje, temperaturni profil, hrana za ribe. 
 
INTRODUCTION 
The digestibility of ingredients from animal feed can be in-

fluenced by different treatment and processing technologies. Be-
sides the conventional operations in the production of mixed 
feeds, special hydrothermal treatments, such as extrusion cook-
ing, find application (Jansen, 1991). Extrusion cooking is de-
fined as the process by which moistened, expansible, starchy, 
and/or proteinaceous materials are plasticized and cooked in a 
tube (extruder barrel) by a combination of moisture, pressure, 
temperature and mechanical shear (Smith, 1976).  

Fish feed production is much more complicated than produc-
tion of feed for other categories of animals. Form and size of 
feed particles have to be adapted to the size of the fish, and den-
sity (sinking and floating properties) has to correspond to ani-
mals’ natural way of feed consumption. Also, it is very impor-
tant for fish feed to be highly digestible because of very short 
digestive system of fish (Lucht, 2001). Extrusion technology is 
commonly used to produce fish feed, since physical properties 
and digestibility of extruded fish feed usually are better com-
pared to steam pelleted diets (Aarseth et al., 2006).  

Steam conditioning is absolutely essential in the production 
of extruded feed and it initiates the heating process by the addi-
tion of steam and water into the dry mash (Beyer, 2007). In pre-
conditioner the material is heated up to 80-90⁰C and moistened 

up to 22-28%. Preconditioning step improves extrusion process 
in many ways (Vukmirović et al., 2010) and leads to more com-
plete starch gelatinization and protein denaturation.  

After preconditioning, the material is discharged into the ex-
truder barrel where major transformations of raw preconditioned 
material occur (Phillips, 1989). Extruder barrel can be divided 
into three functional zones. The first zone is feed zone, where 
material is simply conveyed into the next zone, which is called 
kneading zone, and here the pressure and temperature increases 
and plasticizing of material begins. In the third zone, cooking 
zone, the pressure and temperature continue to increase and 
reach the maximum level at the end of the zone (Jansen, 1991, 
Rokey, 2007). In the cooking process, sufficient energy, both 
thermal and mechanical, is imparted to gelatinize the starch and 
denature the protein (Rokey, 2007).  

Extrusion is a hydro-thermal process where the critical proc-
ess parameters of retention time, moisture, and thermal and me-
chanical energy inputs can be varied over a wide range (Rokey, 
2007). In this process, temperatures as high as 200°C can be 
achieved, but the retention time of the feed at such elevated tem-
peratures is very short (5 to 10 seconds). This high temperature 
short time process maximizes the benefits of heating feed ingre-
dients (improved digestibility, inactivation of antinutritional fac-
tors, and pasteurization), while minimizing nutrient degradation 
(destroying of vitamins, reducing available levels of amino ac-
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ids, reducing of Maillard reactions, etc.) (Rokey and Huber, 
2005).  

The time in which material will be exposed to high tempera-
tures and pressures and, consequently, the degree of positive and 
negative changes depends of the time that material spends in the 
cooking zone. This is determined by length of the cooking zone 
and the speed of material passage through the cooking zone.  
Length of the cooking zone can be varied by changing inde-
pended extrusion variables, such as composition of the mixture, 
screw speed, total area of die openings, etc.  

Changing ingredient composition of the mixture strongly in-
fluences secondary extruder variables (temperature, pressure, 
energy consumption, etc.) by increasing or reducing friction in 
the barrel. For example, oil has lubricating effect and increased 
oil content reduces friction and transformation of mechanical 
energy into heat. That results with decrease of temperature in the 
barrel and cooking zone length (Plattner, 2007; Čolović et al., 
2010). Higher screw speed increases friction in the barrel, hence 
the temperature and length of cooking zone are increasing, but at 
the same time the speed of material passage through the cooking 
zone is increased. Die provides restriction to product flow caus-
ing the extruder to develop the required pressure and shear. With 
decrease of total area of die openings, energy required for push-
ing the material through the die increases, pressure and shearing 
forces become higher and, consequently, temperature of the ma-
terial and the length of cooking zone are rising (Hertzel, 2010).  

MATHERIAL AND METHOD 
Material formulation 
In this experiment, dry mixture for trout was used and the 

composition of the mixture is shown in Table 1. 
 

Table 1. Ingredient composition of experimental diet 
 

Ingredient g/kg 
Fish meal 610 
Soybean meal 120 
Corn gluten 120 
Wheat flour 65 
Yeast 20 
Sunflower meal 20 
Soybean oil 20 
Vitamin and mineral premix 25 

Conditioning and extrusion 
Mixture was conditioned in double-shaft pedal mixer - steam 

conditioner (Muyang SLHSJ0.2A, China). Steam was being 
added until material reached 80⁰C. Also, during conditioning 
water was added directly into feed mash in order to achieve de-
sired moisture content (23.5 ± 0.5%). Moisture was measured 
with infrared moisture analyzer, Ohaus MB45, United States. 

A single screw extruder, OEE 8, AMANDUS KAHL GmbH 
& Co. KG, Germany, with a length-to-diameter ratio of 8.5:1.0 
and dies with 3 mm diameter openings was used. The total area 
of die openings was 50 and 100 mm2, respectively. Three differ-
ent screw speeds were used: 90, 150 and 210 rounds per minute 
(rpm). Feed rate of the material was 10 kg/h in all treatments.  

Temperature measurement 
Temperature was measured with temperature sensors (Pt 

100) that were positioned at four measuring points near the exit 
of the barrel, where highest temperatures were expected (cook-
ing zone). Positions of the sensors are schematically presented in 
the Figure 1. The sensors were placed in stop-screws, whose role 
is to improve shearing and kneading of the product. Stop-screws 

reach very deep into the barrel, close to the root of the screw, 
thus sensors measure actual temperature of the material in the 
barrel. 

 
Fig. 1. Positions of temperature sensors on the extruder barrel 

(T1, T2, T3, and T4) 
 

Temperature sensor closest to the barrel exit (T4) is at 13 mm 
from the extruder die. Next sensor (T3) is at 46 mm, T2 is at 79 
mm, and T1 at 112 mm from the die. 

Experimental design 
A 4 X 3 X 2 factorial treatment design was used with 

changing amount of added fish oil (0, 3, 6 and 9%), number of 
rotations of the screw (90, 150 and 210 rpm) and total area of die 
openings (50 and 100 mm2). Oil was added in the mixer - steam 
conditioner before conditioning. 

Data analysis 
Slope-values of trendlines for different treatments were cal-

culated in Microsoft Excel, and STATISTICA software version 
9 (Statsoft, Tulsa, Oklahoma, USA) was used for analyzing 
variations (analysis of variance – ANOVA) and least significant 
differences (LSD). The level of significance was set at P < 0.05. 

RESULTS AND DISCUSSION 
Temperature profiles in the extruder barrel, under different 

extrusion conditions, are presented in Figures 2, 3, 4, 5, 6, 7, 8 
and 9. When comparing lines in the figures it can be seen that 
temperatures at all measuring points become lower with increase 
of oil content, with increase of total area of die openings and 
with decrease of screw speed.  
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Fig. 2. Temperature profile in the extruder barrel, 0% oil and 

100 mm2 
 

Usually, gelatinization of starch and denaturation of proteins 
(cooking) begins when temperature is above 60°C, in an excess 
of water (moisture content greater than 30%). But when moisture 
content is lower higher temperature is necessary for starch ge-
latinization and protein denaturation. In extrusion process, mois-
ture content of the material is usually below 30% (in this ex-
periment 23.5 ± 0.5%), thus higher temperatures are required 
(above 80°C). The most severe conditions of 0% of added oil, 
420 rpm of screw, and 50 mm2 of total area of die openings (Fig. 
3) resulted in the highest temperatures at measuring points (T1 = 
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102.6°C, T2 = 104.0°C, T3 = 110.3°C, T4 = 118.8°C). It can be 
noticed, not only that all four measuring points were in the cook-
ing zone, but also that cooking begins even before first measur-
ing point and that in this treatment the longest cooking zone is 
obtained. 
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Fig. 3. Temperature profile in the extruder barrel, 0% oil and 50 

mm2 
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Fig. 4. Temperature profile in the extruder barrel, 3% oil and 

100 mm2 
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Fig. 5. Temperature profile in the extruder barrel, 3% oil and 50 
mm2 
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Fig. 6. Temperature profile in the extruder barrel, 6% oil and 
100 mm2 

 

When the mildest extrusion conditions were applied (9% oil, 
180 rpm, 100 mm2), temperature in the first measuring point (T1) 
was only 54.0°C. This temperature is too low for starch gelatini-
zation and protein denaturation. Also in the next two measuring 
points, temperatures were low (58.5 and 65.3°C), and therefore 
cooking action can be expected only at the very end of the barrel 
where temperature was 84.5°C (Fig. 8).  
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Fig. 7. Temperature profile in the extruder barrel, 6% oil and 50 

mm2 

 

Thus, only the last measuring point was in the cooking zone 
of the barrel, and the other three were in the kneading zone. By 
looking at the results of two treatments under extreme conditions 
(the mildest and the most severe – Fig. 8 and Fig. 3) it can be 
seen how extrusion conditions can significantly be changed by 
changing independed extrusion variables. 
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Fig. 8. Temperature profile in the extruder barrel, 9% oil and 

100 mm2 
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Fig. 9. Temperature profile in the extruder barrel, 9% oil and 50 

mm2 
 

For the treatments where 420 rpm screw speed were applied, 
and 0, 3 and 6% of oil was added, temperatures of all measuring 
points were above 90°C. Only in the measuring point T1, in the 
treatment with 6% of added oil and 100 mm2 of total area of die 
openings (Fig. 6), temperature was lower (86.9°C). In those 
treatments strong cooking action can be expected. But when 9% 
of oil was added at 420 rpm (Fig. 8 and 9), temperatures at all 
measuring points were lower than 90°C, except for last check 
point. Thus, under these conditions, cooking zone is very short 
and screw speed is high, which results in very short cooking of 
material. In the Table 2, calculated slope-values of the trendlines 
for different extrusion treatments are presented. Slope-values 
indicate uniformity of the temperature in the part of the barrel 
covered with temperature sensors. The more uniform the tem-
peratures in measuring points are, the smaller is the slope-value 
of trendline. 
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Table 2 – Slope-values of trendlines for different extrusion 
treatments 

 

Die: 100 mm2 
Amount of added oil Screw speed 0% 3% 6% 9% 

180 rpm 0.3142a 0.3306a 0.3987a 0.3211a 
300 rpm 0.3400a 0.5701a 0.4717a 0.3946a 
420 rpm 0.0886b 0.1566b 0.1806b 0.1944b 

Die: 50 mm2 
Amount of added oil Screw speed 0% 3% 6% 9% 

180 rpm 0.3900a 0.4250a 0.3473a 0.3746a 
300 rpm 0.4682a 0.4388a 0.4882a 0.3283a 
420 rpm 0.1815b 0.1414b 0.1901b 0.1711b 
Slope-values are presented without negative sign. 
aResults with different letters are significantly different at the 

5% level.  
 

In Table 2 it can be seen that slope-values of trendlines of the 
treatments conducted at 420 rpm are significantly smaller than 
slope-values of trendlines for the treatments conducted at 180 
and 300 rpm. Small slope-values for the treatments conducted at 
420 rpm, where the highest temperatures were achieved (except 
for treatments with 9% of added oil) indicate that long cooking 
zones were obtained under such extruding conditions. On the 
other hand, high slope-values obtained at 180 and 300 rpm indi-
cate strong temperature drop between measuring points. 

CONCLUSION 
From the obtained results it can be concluded that by chang-

ing independed extrusion variables, temperature profile in the 
barrel can be modified and adjusted, thus optimal conditions for 
production of certain type of feed can be achieved. It is very im-
portant to know how different extrusion variables influence ex-
trusion in order to have better control of the process. That is es-
pecially important in fish feed production because of the most 
delicate requirements for finished product: density (sinking and 
floating properties), shape and size of the product, digestibility, 
etc.  

It is important to know the quantity of oil that can be added 
in the material before extrusion process, because addition of too 
high amounts will result in strong lubricating effect and insuffi-
cient cooking action in the barrel. When 9% of oil was added 
strong lubricating effect of oil decreased temperature, and even 
with the highest screw speed (420 rpm) and higher restriction to 
the product flow (die with 50 mm2 of area of the openings) tem-
peratures in measuring points were lower than 90°C (except in 
the last point, T4).  

When conditions during extrusion process are not optimal 
(e.g. too low/high temperature) screw speed can be increased or 
decreased. This can be easily done while extruder is in operation 
so it doesn’t have to be stopped. If this doesn’t result in optimal 
extrusion conditions than total area of die openings can be 
changed by replacing the die. But in this case extruder has to be 
stopped and cooled down, and for that reason this variable is not 
so easy to modify. It can be concluded that screw speed has the 
strongest influence on temperature profile in the barrel, and that 
with right combining of screw speed, oil content and total area of 

die openings, desired length of cooking zone and desired tem-
perature profile can be obtained in order to achieve optimal ex-
trusion conditions.  
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