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Summary.  The paper presents the results of infl uence of 
the extrusion-cooking process conditions on the energy require-
ment and water stability of carp feed. The feed was obtained 
from standard mixtures of raw materials having various ini-
tial moisture content (25%, 27% and 29%, respectively), with 
the application of baro-thermal treatment using a single screw 
extrusion-cooker type TS-45. The results of the examinations 
showed that higher moisture content of raw materials infl u-
enced the decrease of the specifi c mechanical energy SME. 
The effi ciency of the extrusion process increased both with 
the higher screw speed and higher moisture content of raw 
materials. The highest water stability was obtained for the 
carp feed produced from the mixture of 25% m.c. processed 
at 80 rpm.

K e y  w o r d s : extrusion-cooking, specifi c mechanical en-
ergy, water stability, single screw extrusion-cooker.

INTRODUCTION

The development of freshwater fi sh farming in Poland 
requires that more attention should be paid to the proc-
ess of fi sh nutrition and more effi cient use of fi sh feed. 
It pertains to different age groups and species of reared 
fi sh. In order to implement a suitable fi shery management, 
the knowledge of biology, fi sh dietary needs, nutrition 
methods and quality of feed ingredients is required [2, 
3, 6, 9].

Cost-effectiveness of fi sh rearing and the specifi city 
of carp feeding depend to a large extent on the stability 
of feed in the water. Feeding fi sh with less stable feed 
containing expensive, wholesome components that may 
undergo lixiviation or dilution, leads to severe losses in 
the aquatic environment, mainly due to the deterioration 
of oxygen balance in ponds and increased load of organic 
matter. Due to constant technological progress, the feed 
industry offers more effi cient and nutritious feed. 

A variety of production processes is applied in the 
manufacture of aquatic feed. In the past dry or wet pel-

leting was the most popular method [18,19]. Since the 
quality of pellets for the fi sh is not suitable due to low 
water stability and limited nutritional effects, the recent 
years have seen the replacement of such a feed type 
by extruded one [7, 10, 11,14]. Extrusion technique al-
lows to introduce various types of components that still 
have not been used in the production of fi sh feed. These 
components have a signifi cant impact on the improve-
ment of physical properties of feed, the effi ciency of 
rearing as well as death rate and health of fi sh. To un-
derstand the basic physical properties of extruded fi sh 
feed with different additives, it is necessary to perform 
a series of measurements that will help identify the 
main utility characteristics of extrudates and implement 
appropriate adjustments to the manufacturing param-
eters in order to obtain high quality products [4, 11, 13,
16, 21]. 

The aim of this study was to examine the infl uence 
of process conditions on functional properties of the 
extrusion-cooked carp feed as well as the consumption 
of energy during processing.

MATERIALS AND METHODS

A standard mixture of carp feed was used in the 
experiment (Table 1). The basic raw materials and com-
ponents were delivered by Animex Grupa Drobiarska 
S.A., Zamo , Poland. The balancing of feed recipe and 
the production technology were developed on the basis 
of commonly available nutritional standards, computer 
program, as well as following the recommendations of 
the personnel of the of Department of Food Engineer-
ing and Machinery, Lublin University of Life Sciences. 
The feed was produced by extrusion-cooking on a single 
screw extrusion-cooker TS-45 (polish design), fi tted with 
a plasticizing unit of L/D ratio of 16/1.
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Ta b l e  1 .  The composition of the mixture

Component Percentage content [%]

Maize 12.0

Wheat 19.0

Soybean 32.0

Fishmeal 20.0

Fodder yeast 5.0

Rapeseed oil 9.0

II-calcium phosphate 0.8

Chalk Fodder 1.2

Premix1 1.0

1Premix (1kg): VITAMIN A - 4 400.00 IE, VITAMIN D3 – 
680.00 IE, VITAMIN E – 6.00 mg, VITAMIN B1 – 0.60mg, VITA-
MIN B2 – 1.20mg, BIOTIN – 40.00mcg, VITAMIN B6 – 0,8mg, 
VITAMIN B12 – 6000.00mcg, VITAMIN K – 0.8mg, NIACIN – 
20.00mg, FOLIC ACID – 0.16mg, Ca PANTOTHENATE – 4.00mg, 
Mn – 16mg, Zn – 20mg.

Raw materials used in the production of the carp 
feed were grinded with a hammer mill H-111/3 type, 
using sieves with the openings of 2 mm. 10 kg of the 
sample was prepared and mixed for 10 minutes in a rib-
bon mixer. After mixing the ingredients, their moisture 
content was tested. The mixtures were once again placed 
in the mixer and moistened by adding water to the fi nal 
moisture content of 25%, 27% and 29% d.m. The moisture 
content was determined by a drying method according 
to PN-76/R-64752.

During the production of feed, the following process 
parameters were adopted: heat treatment temperature 
from 110°C to 140°C (various in different extruder sec-
tions), the degree of screw compression 1:3, screw speed 
80, 100 and 120 rpm, rotational speed of the knife: 1200-
1500 rpm, die with 3 holes of 2.5 mm diameter each [12].

The fi nal stage of production was vacuum coating 
of feed with soybean oil, in which the premix had been 
dissolved. Fat liquidation was performed in a vacuum 
mixer of the authors’ own construction equipped with 
a stirrer. Oil and the premix were injected inside by 
a spray nozzle at 0.08 MPa. The process of fat liquoring 
and stirring lasted 10 minutes.

The examination of extrusion-cooker’s effi ciency was 
performed by determining the mass of the extrudates 
obtained in 5 minutes for all the applied mixtures of raw 
materials and process parameters. The measurements 
were carried out six times for each series of tests, the 
results being the average of the measurements. The ef-
fi ciency was expressed in kg.h-1 according to the formula:

1m
Q [kg h ]

t
−= ⋅ ⋅ , (1) 

where: 
Q – extruder’s effi ciency,
m – weight of extrudate obtained during, the meas-

urement [kg],

t – measurement time [h].

The measurement of energy consumption was 
conducted by a standard wattmeter connected to the 
extrusion-cooker’s motor unit. Taking into account the 
specifi cations of the engine installed in the extrusion-
cooker TS-45, and determining the motor load and ef-
fi ciency measured at consecutive attempts, the values 
were converted into the value of specifi c mechanical 
energy (SME) according to the formula [1, 5, 8, 10, 15, 
17, 20]:

1

m

N O P
SME [kWh kg ]

N 100 Q
−⋅ ⋅

= ⋅
⋅ ⋅

, (2)

where: 
N - screw speed [rpm],
N

m
 - max. srew speed [rpm],

P - power [kW],
O - motor load [%],
Q - process effi ciency [kg.h-1].

The examination of water stability of carp feed 
Water stability of the obtained carp feed was assessed 

using the Hastings-Hepher method in own modifi cation. 
The aim of the research was to determine the loss of the 
extrudate mass during the bath at temperature similar to 
water temperature in the pond, simultaneously stimulat-
ing water movements which caused the fall of feed onto 
the bed. The device equipped with base, electric engine, 
electric regulator of rotations and two containers with 
water, where containers with the examined samples were 
immersed, was used for the experiment. The extrudate 
was weighed to 0.01 g twice. The weighed samples were 
placed in two containers made of wire net with the mesh 
diameter of 0.1 x 0.1cm and 3x6x9cm linear size. One 
liter of water at temp. 20°C, 22°C and 24°C was placed 
to each of the containers. The containers with feed were 
suspended and the device put into motion with the fre-
quency of 1 rotation of the container per 8 seconds. The 
testing lasted 60 minutes, after which the containers 
were put away for draining and dried at the temperature 
of 110°C to obtain constant weight. Next, the weight of 
the samples was compared with the weight of the feed 
before testing. The obtained results were expressed as 
water stability measurement. The stability was calculated 
from the following formula: 

100[%]
g

n

m
S

m
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and after:

[ ]
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where:
S – water stability [%],
m

g
 – sample mass after testing and drying [g],
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m
n
 – dry granulate [g],

m
w
 – water mass in granulate used in testing [g],

m – granulate weight after soaking [g],
W – moisture [g].
All measurements were carried out in 6 replications 

[18,20]. 

RESULTS

All fi sh feeds were assessed in terms of their useful-
ness. Physical properties of these feeds, in particular their 
water stability and infl uence on aqueous environment 
contribute to the growth rate of fi sh and better living 
conditions in the pond. During the extrusion process, 
the infl uence of the initial moisture content of mixtures 
designed for the production of feed on their effi ciency and 
the consumption of energy was observed [7]. It was proved 
that the effi ciency of the extrusion process increased both 
with the higher extruders’ screw speed and the growth of 
moisture content of the mixture. The highest effi ciency 
of the extrusion process (30.5 kg.h-1) was observed for 
the mixture of 29% of moisture content produced at 120 
rpm, whereas the lowest effi ciency was observed for the 
mixture of 25% of moisture content produced at 80 rpm-1.
Results are presented on the Fig. 1. 

B d standardowy  redniej wy liczony  przy  pomocy  wariancji wspólnej
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The standard error calculated using the average shared variance 

Fig. 1. The infl uence of the mixture moisture content and screw 
speed on the effi ciency of the extrusion-cooking of carp feed

The application of extrusion techniques to the pro-
duction of selected blends requires the determination 
of SME values, necessary to obtain a single mass of 
the product, which indicates whether the production is 
profi table. SME values depended on the changes of ex-
trusion parameters, i.e. changes in screw speed and the 
moisture content of the mixtures. SME values decreased 
together with the growth of moisture content of raw 
mixtures. 

The highest SME values (0.21 kWh.kg-1) were ob-
served at the extrusion of the mixture with 25% humid-
ity, with the application of 120 rpm of screw speed. The 
lowest SME values (0.099 kWh.kg-1) were observed at the 
extrusion of the mixture with 29% of moisture content 
with the application of 80 rpm screw speed of extruder 
(Fig. 2).

B d standardowy  redniej wy liczony  przy  pomocy  wariancji wspólnej
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Fig. 2. The infl uence of the mixture moisture content and the 
screw speed on SME during the processing of carp feed

Sorensen et al. [18] observed that SME values ranged 
from 0.034 kWh.kg-1 to 0.039 kWh.kg-1 at the production 
of trout feed (Oncorhynchusmykiss), where single screw 
extruder with conditioner was applied. Lower SME values 
observed by Sorensen were the result of the composition 
of feed, a higher content of fi shmeal characterized by 
a limited number of fi bers. The application of condi-
tioner, which enables thermal processing of particular 
components, gives the possibility to dose more fat inside 
the conditioner. Water stability of the extrudates, which 
determines its quality, was another physical property 
measured. The experiment of the process of water stabil-
ity of carp feed was carried out for water at 20°C, 22°C 
and 24°C. The extrudates produced at 80 rpm indicated 
the highest water stability, allowing for the whole range 
of moisture content of applied mixtures. 

The standard error calculated using the average shared variance 
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Fig. 3. The infl uence of the screw speed and pond’s water 
temperature on the water stability of the extruded carp feed 
(mixture of 25% m. c.)

The growth of the screw rotations by 20 rpm caused 
the decrease of water stability by a few percent. The extru-
dates produced from mixtures of 25% humidity indicated 
the highest stability ranging from 78 to 81% (Fig. 3).

In the case of mixtures containing 25% of moisture 
content and processed at 80 rpm, the temperature of 
water applied for testing the feed slightly infl uenced 
water stability of carp feed.
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The increase of the screw speed infl uenced the de-
crease of water stability in all the applied mixtures. The 
lowest water stability (67% – 70%) was observed at 120 
rpm and the moisture content of mixtures at 27% and 
29%, respectively (Fig. 4, 5).

The result may be considered satisfactory: the guar-
antees enough time for fi sh to eat the extrudate and con-
tributes to smaller contamination of the reservoir. Pound’s 
water temperature has important infl uence on the fi sh 
growth during intensive feeding, especially in summer. 
Fish belonging to the carp family have a tendency to 
feed together with the growth of temperature: the feed is 
eaten faster, which contributes to smaller contamination 
of the pond/reservoir.

Slightly lower values of water stability of the extru-
dates were observed for the mixtures tested at 24°C (the 
differences indicated approximately 2%). The mixtures 
containing 27% of moisture content and processed at the 
maximal speed of screw indicated the biggest difference 
(approximately 7%) depending on water temperature 
applied for testing.

The standard error calculated using the average shared variance 
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Fig. 4. The infl uence of pond’s water temperature and the screw 
speed on water stability of the extruded carp feed (mixture of 
27% m. c.)

The standard error calculated using the average shared variance 
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Fig. 5. The infl uence of the pond’s water temperature and the 
screw speed on water stability of the extruded carp feed (mi-
xture of 29% m. c.)

CONCLUSIONS

The effi ciency of the extrusion-cooking of carp feed 
was higher when the mixture of raw materials with higher 
initial moisture content was processed at higher screw 
speed. However, an increase of the screw rpm usually 
resulted in higher energy consumption (SME) during 
extrusion-cooking, application of more water to the mix-
ture (at softer level) can optimize the costs of processing 
and keeping proper level of the products quality. That 
has to be done on the compromise level. 

The carp feed produced from the mixture with 25% 
of moisture content indicated the highest water stability. 
Water stability of extrudates decreased with the growth 
of screw speed. Pond’s water temperature used during 
testing did not show substantial infl uence on the water 
stability of the extrusion-cooked carp feed. 
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WP YW WARUNKÓW PROCESU NA JAKO

I ENERGOCH ONNO  EKSTRUDOWANEJ 

KARMY DLA KARPIA

S t r e s z c z e n i e . W pracy przedstawiono wyniki bada
wp ywu pr dko ci obrotowej limaka ekstrudera oraz wilgot-
no ci surowców na zapotrzebowanie energii jednostkowej oraz 
stabilno  wodn  karmy dla karpia w zale no ci od tempera-
tury wody stosowanej w te cie stabilno ci wodnej ekstrudatu. 
Karm  wytwarzano ze standardowych mieszanek surowcowych 
o zró nicowanej wilgotno ci pocz tkowej mieszanki (25%, 
27% i 29%) oraz stosuj c obróbk  ci nieniowo-termiczn  przy 
u yciu zmodyfi kowanego ekstrudera jedno limakowego TS-45. 
W wyniku przeprowadzonych bada  stwierdzono, e wzrost 
wilgotno ci mieszanek przeznaczonych do ekstruzji wp ywa
na spadek SME. Wydajno  procesu ekstruzji zwi ksza a si
wraz ze wzrostem pr dko ci obrotowej limaka ekstrudera oraz 
wraz ze wzrostem wilgotno ci mieszanki. Najwy sz  stabilno-
ci  wodn  charakteryzowa a si  karma wyprodukowana z za-

stosowaniem 80 obr.min-1 limaka ekstrudera przy wilgotno ci
mieszanki surowcowej 25%. 

S o w a  k l u c z o w e : ekstruzja, w a ciwo ci fi zyczne, 
stabilno  wodna, ekstruder jedno limakowy.


