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ABSTRACT 
 

Selecting the right die to produce any kind of animal feed pellets becomes one of the difficulties is facing the pellet mill 

factories. Most of aquatic feed pellet mill factories use dies with holes diameter of 3.5mm, while the market has different dies with the 

same holes diameter, but with different total thickness and different L/D ratio, because the dies hole diameter of 3.5 mm not just use for 

fish feed pellets as well as for poultry feed, and rabbits feed pellets. The main experiments were carried out in one of aquatic feed Pellet 

mill plant to determine the optimum fish feed ring die design specifications and die holes dimensions. The parameters under 

investigation were three kinds of dies with different total thickness and L/D ratio, four different formula retention time in pre conditioner 

and three different formula temperature in pre-conditioner. The obtained results recommended the use of die2 (45.5mm total thickness 

with 1:13 L/D ratio) with die entry diameter of 4.25mm without relief, and optimum pre conditioner processing were 90s retention time, 

and 85Co formula temperature, the obtained results of this parameters were 7.553Mg/h pellet mill production rate and 7.277Mg/h final 

production rate after cooling and sifting by decrease in productivity of  3.97%, 137 A motor current , 9.36 kW.h/Mg energy requirement 

of pellet mill, 101.12Co operating die temperature in the range of safe die temperature. The measured quality produced aquatic feed 

pellets were 903.20 kg/m3 pellets bulk density, 95.69% pellets durability, and 70.67 % and 33.24% pellets water stability after 30 and 60 

minutes sinking in water. The study recommended use the previous mentioned die specification with any pellet mill capacity with 

change in die eternal diameter 
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INTRODUCTION 
 

Egypt is considered one of the most important 
countries in aquaculture, it's ranked eighth in the world 
aquaculture ranking, and coincided with the direction of the 
political leadership in Egypt for the expansion of aquaculture 
as one of the effective solutions to cover the shortage of 
customized individual from the animal protein. The 
aquaculture sector continues to grow as the global 
consumption of fish is also increasing, while global fishery 
catches remain stagnant or have been decreasing during the 
past years (FAO, 2017).With the increase in fish-cultured 
area and increased demand for fish feed during the season 
from April to November, there has been an increase in the 
number of plants producing fish feed .Recent trends in the 
fish feed industries are moving strongly towards to produce 
the sinking and floating cooked aquatic feed by extruder, 
however most of fish feed plants still use the ring die pellet 
mill to produce the fish feed pellets 25 and 30% protein with 
pellets diameter of 3.5mm. Pellet mill plants can be produce 
all the kind of feed accept the floating fish feed and pet food 
as expanded product. With increasing demand for fish feed, 
through the season it become a goal for any pellet mill plant 
to increase the profitability. The quality of fish feed is the 
standard of increasing demand for factory product, such as 
the protein percentage, feed conversion rate, pellet bulk 
density , and pellets water stability. There are two methods of 
feed granulating, pelleting and extrusion processing. Pelleting 
process use a simple technology than extrusion with lower 
energy requirements, and low processing cost, but in same 
time the feed produced by pelleting process has low water 
stability and high losses (Rout and Bandyopadhyay 1999, 
NRC 2011, and Kamarudin et al., 2018).Producing high 
quality of feed pellets depends on physical parameters such 
as raw material particle size distribution, moisture content and 
a homogeneously and mechanical parameters such as die 
thickness and  die holes diameters(Mani et al. 2006).The 
standardized of pellets quality with the effect on handling and 
storage were determined as; pellets bulk density, pellets 
durability, and fines losses percentage after pelleting. The 
bulk density should be high to ensure the handling efficiency 
and increase the pellets stability. The pellets durability is 
important as indicate in pellets bulk cargo transported or 

when use the screw conveyor to move the pellets to storage 
tanks (Thek and Obernberger 2004). 

Pellets bulk density and durability are the most 
important measurements that determine the quality of feed, 
many variables affecting the pellets density and durability , 
physical variables , such as moisture content, particle size, 
and formulations , and pellet mill process variables, such as 
die speed, die L\D ratio, die holes diameter, die temperature, 
and steam conditioning process(Tumuluru , 2016).  

Durability measurement showed the solidity of the 
pellets during storage, handling and transportation. In 
addition, it can be indicated to the ability of the pellets for, 
impact, and friction resistances during handling, storage, and 
transportation process. Higher pellet durability is desirable as 
it helps the pellets to retain size and shape without any 
breakage or cracking during and after this process (Tumuluru 
et al., 2010).Also the die temperature affecting the pellets 
bulk density and durability that what (Magnus et al., 2017b) 
found under stable production conditions were maintained, at 
die temperatures of 80 C, the durability values above 83%, 
but bulk density decreased from 683 to 601 kg/ m

3
 by cooling 

the die by water injection rate was increased from 18 to 58 L\ 
h. It is certain that the die L/D ratio (effective thickness / die 
holes diameter) greatly affects the pellets bulk density and 
durability so on the pellets water stability. Raw material as 
physical factors such as (material type, particle size, moisture 
content, etc.), and mechanical factors such as  (die 
temperature, and compression force) are responses such as 
pellet density, pellet strength, and friction force .The above 
mentioned responses are indirect measures of pellet bulk 
density, pellet durability, and pelletizing energy consumption. 
(Larsson, and Rudolfsson 2012).   

Also Larsson et al (2012) said that in regular ring die 
pellet mill, die temperature and compression force cannot be 
controlled but are indicate with material properties such as 
moisture content and pelleting process such as die channel 
length and that affecting the die temperature and motor 
current .Data showed the die holes press channel dimensions 
of 52.5 mm press length and 8 mm die holes diameter, 
resulting in a performance ratio (L/D ratio) of 6.5:1resulting 
steady pelleting performance, while increasing the L/D ratio 
lead to increase the die temperature .conditioning of formula 
one of the most important process in pellet mill production, It 
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depends on the exposure the feed formulation  to the dry  
steam with stirring inside the pellet mill pre-conditioner until 
the granules absorb the steam, which helps in the 
compression processes inside the die, reduce the energy 
consumption , and increase the pellet mill productivity. The 
time consumed which the feed formulation takes inside the 
pellet mill pre- conditioner called conditioning retention time. 
Tumuluru (2015) reported that steam conditioning of bio 
mass helps to activate the binding of components, which 
assist to produce high durable pellets. Data indicated that 
increasing the die temperature to 110

◦
C reduce the pellets 

buck density. Same indication by pelletizing torrefied 
materials by pellet mill using different press channel lengths 
of (25 and 30 mm).The obtained results were, pellets bulk 
densities of 558 and 725 kg m

-3
 and durability's of 46.3and 

86.5%, respectively, (Magnus et al.2017a).On other hand the 
energy requirement of the pelleting process is one of the 
factors that animal feed producers care about it, the motor 
current of pellet mill indicator for the power consumed that 
affects greatly the energy requirement.  

Reed et al. (1980) found that specific energy 
consumption of the pelleting process depends on pellet mill 
operation parameters  such as  die L/D ratio, die diameter,  
die rotating speed, and  pellet mill feed rate. Tumuluru et al., 
(2016) reported that adding 2 and 4% of corn starch to the 
milled corn stover reducing the specific energy consumption 
about30–40% and increased the pellets durability 
to >99%.Comparing the specific energy requirements of flat 
die pellet mill with ring die pellet mill, ring die pellet mill 
may be impaired by the high specific energy requirements 
than flat die, data showed the specific energy requirement of 
flat die were between101 to 324 kWh/Mg depending on 
formula moisture content and die holes dimensions.  

Jackson et al. (2016). The aquatic feed pellets 
producing by ring die pellet mill in Egypt not has stander 
L/D) ratio, and pre-conditioner retention time and formula 
temperature that affecting the pellet mill performance and 
pellets quality, in Egypt market there are many dies holes 
dimensions of ring dies for same model of pellet mill and 
same die hole diameter, the dies manufacturing factories 
produced the dies according to the plant formulations or 
suppliers order. Most of pellet mill owners do not know what 
is the right die total thickness and L/D ratio and buy the dies 
from local companies and have a lot of troubles in plant 
performance such as  high percentage of mash formula 
losses,  the reduce in pellets production rate , low pellets 
durability and water stability. It is not just the problem that 
the plant facing but the common die holes size for fish feed is 
3.5 mm, and the same size is used for producing another 
kinds of feed pellets such as poultry and rabbits feed pellets 
and all of this kinds of feed has different formulations and 
should be has different die L/D ratio and different steam 
conditioning process. The aim of this research is to establish a 
criteria that enable the owners of fish feed factories to choose 
the suitable ring die that will achieve the highest performance 
of the pellet mill with the best aquatic feed pellets quality, and 
determine the optimum operating parameters of the pre- 
conditioner temperature and formula retention time. 
 

MATERIALS AND METHODS 
 

The pellet mill capacity is determined by the die 

internal diameter, the stander dies size are 250, 320, 350, 

400, 420, 508 and 578 for different pellet mill capacity 

from 1 to 20 Mg\h, for example the common usually used 

model in Egypt is SZLH 420, which means the die internal 

diameter is 420 mm and the pellet mill capacity will be 

around 7 to 10 Mg\h, depends on the kind of feed 

formulation and the die holes diameters.  

The experiments were carried out in one of the fish 

feed factories in the fish farms area of Al-Hassania  -

Famous city in Sharqia governorate. The pellet mill plant 

capacity was 7-10 Mg\h, the factory was exposed to many 

problems in production with the change of the dies from 

different suppliers and problems with the production of the 

line and the pellets durability and pellets water stability. 

Materials: 

The Tilapia fish feed (25% protein) formulation 

composition: 

A factory standard fish feed formula for Tilapia fish 

with content of 25% protein were used in the experiments to 

evaluate the manufactured dies under investigation. The 

formulation composition was: Corn seeds 30%, Soybean 

meal  (44% protein) 16%, Wheat bran 15% , Rice bran 

15%,Fish meal (60% protein) 10 %, Corn Gluten (60% 

protein)10%,DY Calcium Phosphate 0.5%, Limestone 3%, 

Salt 0.35%, Vitamins 0.1%,and Anti-toxin 0.05%. The 

formula components were milled by fine grinding hammer 

mill with 90kW motor and have screen holes of 1mm and 

mixed by double shaft paddle mixer.  

The pellet mill specifications and aquatic feed dies 

design dimensions  

The fish feed factory has ring die pellet mill model 

SZLH420-2A with capacity from 7 to 10 Mg /h, the pellet 

mill has double pre-conditioner to control the formula 

retention time mixed with steam. Generally any ring die 

pellet mill consists of main parts such as pellet mill feeder, 

pre-conditioner (single, double or triple conditioner), and die 

and rollers chamber and power transmission.  

 
 

N PART N PART 

1 Pellet mill drive 7 Die casing 

2 Main shaft 8 Die 

3 Surge bin 9 Rollers 

4 Variable speed feeder 10 Die cover 

5 Steam pre-conditioning 11 Bolt 

6 Distributor 12 Feed plough 

Fig. 1. Schematic of the pelleting process (FAO, 1980). 
                 

The pellet mill under studding is ring die pellet mill 

gear box type, model SZLH 420-A2 with average capacity of 

7-10 Mg/h., the pellet mill specification and dimensions were: 

Screw feeder: 

The screw feeder consists of the feeder chamber 

made from stainless steel 304, the feeding gate 700x300 mm 
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the feeding screw has 250mmØ, and 1000mm length and 

80mm pitch, the feeding rate can be adjustable by speed 

variable motor 1.5kW, with reducing rate 1:11and screw 

rotating speed limit from 0-132 rpm. (Fig. 2). 

Conditioner 

The pellet mill conditioner chamber made from 

stainless steel 304 has double pass pre- conditioner each has 

500mmØ and 2100mm length, the conditioner shaft with 

paddle's made from stainless steel too the shaft has 

dimensions of 110mm Ø and 2200mm length, the 

conditioner chamber has inspection doors, and steam 

injection nozzles, each conditioner shaft has variable motor 

5.5kW to control the conditioning time between the limit of 

10-50 s for each one (Fig. 2). 
 

 
Fig. 2. Elevation, side view and plan of the ring die 

pellet mill  
 

Pellet mill  

The pellet mill part consists of gear box chamber and 

main motor, die and rollers mechanism, the pellet mill gear 

box is gears and pinion shaft type connected with the main 

motor 110 kW, by coupling with shear pin overload 

Protection device to transfer the power from the motor to the 

die and protected the machine from any overload. (Fig. 2). 

The die and rollers mechanism consists of the SZLH 

420 die and the rollers set consists of two units made from 

alloy steel (20CrMo), each has 210mm Ø, 120mm width and 

40mm thickness, the rollers has rollers holder mechanism 

with 2 sets of bearings give the rollers free rotating by the die 

drive rotate through the formulation material between the die 

and rollers by the sequences of pelleting process. Fig (3). 
The fish feed factories often used imported ring dies,  

most of  factory production produced by dies has holes 

diameter of 3.5 mm, Three of the common dies used in fish 

feed factories has different total thicknesses and different L/D 

ratios wereused in this study, the dies specifications and 

design dimensions were: die (1) total thickness of 39.5mm, 

effective length of 27.5 mm, die holes relief of 12mm, die (2) 

total thickness of 45.5mm, effective length of 45.5 mm, with 

no die holes relief  and die(3) total thickness of 55.5mm, 

effective length of 55.5 mm, with no die holes relief. (Fig. 4). 
   

     
N PART N PART 

1 Zone of product intake 4 Zone of dwell time 

2 Zone of product distribution Vf Circumferential die speed 

3 Zone of compression Vr Circumferential roller speed 

Fig. 3. Die and rollers pelleting process sequences 
 

The dies were made from stainless steel (40Cr13) with 

internal diameter Ø of 420mm and 120mm track width, the 

die was insulatedwith the pellet mill by three pieces of clump 

has edges are symmetrical with  die edges and flanges. The 

dies has cover connected with the die by 6 bolts (Figs. 5, 6). 
 

 
 

DIE 

(3) 

DIE 

( 2) 

DIE 

(1) 
CODE UNIT DIE DIMENSIONS 

3.5 3.5 3.5 d (mm) Pellet Diameter                       

55.5 45.5 27.5 L (mm) Effective Length                      

55.5 45.5 93.5 T (mm) Total Thickness                       

4.75 4.25 5.25 D (mm) Die Hole Entry Diameter      

3.6o 3.6o 3.6o Ø (o) Die Hole Entry Angle               

0 0 12 X (mm) Relive Depth                           

0 0 3.6o B (o) Relive  Hole Angle                  

0 0 4.25 A (mm) Relive Diameter                     

1.35 1.47 1.50 D2\d2 (ratio) Compression Ratio               

1: 15.3 1:39 1:7.9 L\d (ratio) Performance Ratio               

Fig. 4. The aquatic feed dies holes design and dimension. 

 

 
 

Fig. 5. Schematic of the SZLH 420 ring die 

 

Die (1)  Die (2)  Die (3)  
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Fig. 6. Cross section (A-A) of the different aquatic feed ring dies 
 

Methods: 

Experiment's conditions: 
Three of common and most used aquatic feed ring 

dies utilizing in fish feed pellet mill plants imported from 
one of dies factory in China were used to study the effect 
of dies total thickness, L/D ratio, formula temperature and 
formula retention time in the pre- conditioner on plant 
productivity and fish feed pellets quality. The parameters 
under the study and evaluation were:    

 Die L/D ratio of (7.9, 13 and 15.9) 

 Fish feed formula temperature in conditioner (65, 85 and 

105C
o
) 

 Formula retention time in the conditioner(70, 80, 90 and 

100s) 
The  study constant parameters were, the three dies 

has same die hole diameter of 3.5 mm, die hole entry 
diameter and entry angle of 4.25mm and 3.6

o
 respectively, 

die velocity of 7.5m/s, pellet mill feeding rate of 125kg/min 
formula moisture content after conditioner14-16%, the steam 
pressure after the boiler and before pellet mill were 5.5 and 
2.5 bar after steam pressure reducer, steam temperature at 
pellet mill valve of 125C

o
, clearance between the rollers and 

the die of 0.3 mm and all the dies were made from same alloy 
stainless steel (40Cr13). 

Evaluation of   the pellet mill ring dies performance 

and produced aquatic feed pellets quality: 
The experiments were conducted and the different 

quality assessments for each ring die under unified operating 
conditions of automatic dosing pellet mill plant using the 
plant computerized control panel. The measurements and 
sampling was randomized from each operation and after the 
start of the production line by 15min through three replicates 
to be sure the production line become steady.  

1-Pellet mill and packing section production rate:  
Pellet mill production rate was measured for each 

treatment by collecting sample for 2 min after line running 
steady. While the final production rate in packing section was 
measured by measuring the mass of final products after 
sifting in packing bins  in one hour from the control panel. 

2- Pellet mill motor current intensity and Energy 

requirements: 
The pellet mill motor current intensity without load 

and with load was measured by the plant and pellet mill 
control panel, the energy requirements (kW.h/Mg) were 
calculated by the following equations:   

1000

cos3 VI
P 

 

Where: 
P    = Consumed power, kW 

I    = Line current strength in amperes. 

V   = Potential difference (Voltage) being equal to 380 V. 

Cos θ = Power factor (being equal to 0.84). 

η        = Mechanical efficiency (assumed 90 %). 

MghkW
Q

P
trequiremenEnergy /. 

 
Where: 
Q = Final production rate after sifting, Mg/h. 

3- Die operation temperature: 
The die operation temperature were measured at full 

capacity of pellet mill by leaser temperature device after 15 
min from pellet mill start up with full load capacity. 

4- Aquatic feed pellets bulk density:   
Was calculated using standard method of feed 

manufacture, AACC, American Feed Industry Association, 
Inc., (2000). 

5- Aquatic feed pellet durability: 
Bulk density and durability of dried pellets was 

determined based on ASABE Standard S269.4 (2007) by 3 
replicates (mass of each one was 500 g) using durability 
turning box for 10 min. The durability turning box consists 
of four cells 
rotated at a 
constant speed 
of 60 rpm. 
 
Where: Wa : pellets mass after treatment (g),  

               Wb : pellets mass before treatment (g) 

Pellets water stability: 
Was calculated by put the pellet in glass water and 

measuring the number of pellet still stable in water after 
(30, and 60 min) using formula:  

Pellet water stability = Nst / Nt x 100 

Where: Nst: Number of stable pellets in the water        

               Nt: Total pellets sample. 

AACC, American Feed Industry Association, Inc., 

(2000).6- Aquatic feed 
 

RESULTS AND DISCUSSION 
 

1-Pellet mill and packing section production rate: 
In any feed mill plant pellet mill, productivity not the 

true final production rate of the plant that is because the 
produced pellets from pellet mill has high percentage of 
moisture and including mash formula percentage , the  
powder percentage depends on the pellet mill efficiency , 
conditioning operations, and die hole dimensions. The actual 

100(%) x
Wb

Wa
Durability 
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production rate should be after cooling and sifting process in 
packing section bins  

It's very important for any feed mill to measure the 
production rate of pellet mill and compare it with the 
production rate in packing section to determine the losses 
percentage .Data in Fig (7) indicated that changing the 
formula temperature from 65 to 85 and 105C

O
 increased the 

pellet mill production rate as average by 1.34 and 1.53% 
using different dies L/D ratios and different formula retention 
times in pre conditioner. While, increasing the formula 
retention time in pre- conditioner from 70 to 80, 90 and 100 s, 
reduce the production rate of pellet mill as average by3.43, 
2.71 and 2.92% with all dies L/D ratios and formula 
temperatures. On another hand, changing the dies L/D ratio 
from 7.9 to 13 and 15.9 sharply decrease the pellet mill 
production rate as average with all formula retention times 
and temperatures by 9.73and 16.23%recpictively. 

 

 
Fig. 7. The effect of die L/D ratio, formula retention time 

in pre-conditioner and formula temperature on 

pellet mill production rate 
 

It is known that there is a significant difference 
between pellet mill productivity and final production rate 
after cooling and sifting processes, which will certainly be 
higher than the actual production rate since the pellet mill 
pellets production is accompanied by a percentage of powder 
(mash formula) as well as the pellets has high moisture 
content. Data in Fig (8) showed the effect of different 
parameters on packing section production rate. Results 
showed that changing the formula temperature from 65 to 85 
and 105C

O
 increased the pellet mill production rate as 

average by 1.37 and 1.51% using different dies L/D ratios 
and different formula retention time in pre conditioner. 
Meanwhile, increasing the formula retention time in pre- 
conditioner from 70 to 80, 90 and 100 s, reduce the 
production rate of pellet mill as average by3.48, 0.98 and 
1.42% with all Dies L/D ratios and formula temperatures. 
Regarding to change the dies L/D ratio from 7.9 to 13 and 
15.9 resulting sharply decrease in the pellet mill production 
rate as average with all formula retention times and 
temperatures  by 7.69and 8.59%, respectively. 

The little increase in production rate by increasing the 
formula temperature from 65 to 85 and 105C

O
 could be due 

to the increase in formula oil viscosity that make it flow 
through the die holes easily. The decrease in pellet mill 
production rate by increasing the formula retention time from 
70 to 80, 90 and 100 s could be due to the increase in mass of 
formula consumed time pellet mill process. The sharply 
decrease in pellet mill production rate by increasing the die 
L/D ratio from 7.9 to 13 and 15.9could be due to the increase 
in die holes effective length and the fraction between the 

formula and die material that lead to increase formula holding 
time in die holes and reduce the pellet mass in time unit.  
 

 
Fig. 8. The effect of die L/D ratio, formula retention time 

in pre-conditioner and formula temperature on 

packing section production rate 
 

From the previous results it is clear that the estimation 
of the appropriate die production through the pellet mill 
production rate is incorrect, but the productivity should be 
estimated after the cooling and sifting processes. Data in Fig 
(9) showed that the reduce in production rate percentage from 
the pellet mill production and packing section production, the 
decrease in production rate after cooling and sifting were 
35.92, 14.34 and 6.83% at conditioning retention time of 70S, 
were 26.84, 8.83 and 4.53% at conditioning retention time of 
80s, were 24.70, 3.79 and 1.16% at conditioning retention 
time of 90s and 22.87, 3.79 and1.10% at conditioning 
retention time of 100s ,using dies L/D ratios of 7.9 ,13 and 
15.9 respectively. There is no significant effect of formula 
temperature in the pellet mill pre- conditioner on the final 
production rate in packing section after cooling and sifting.          
 

 
Fig. 9. The effect of die L/D ratio, formula retention 

time on the decrease of production rate 

percentage after cooling and sifting 
 

The tangible decrease in final production rate after 
sifting comparing with the pellet mill production by 
increasing the pre conditioner retention time from 70 to 80 
and 90s, could be due to that the short retention time lead to 
low homogeneity between the formulation with the steam 
and decrease of formula absorption by steam, so increase the 
mash percentage with pellet mill pellets production, the mash 
is separated from the final pellet by the sifter. Meanwhile, no 
significant decrease in final production rate by increasing the 
retention time from 90 to 100s the reason of this result were 
no tangible of formula absorption by steam. 

On the other side, the sharp decline in final 
production rate after sifting by using die L/D ratio of 7.9 other 
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than what the results showed in measuring pellet mill 
production rate, that could be due to the low L/D ratio means 
decline in die total thickness and effective length, so lead to 
decrease the die holding time and increase in die output but in 
same time increase in mash percentage and producing fragile 
pellets that leads to decrease in final production rate after 
sifting. While using die with L/D ratio of 13 and 15.9 reduce 
the mash percentage after cooling and sifting by increasing 
the die holding time and increase the formula compact in the 
die effective length.  

2-Pellet mill motor current and specific energy  
At first glance, it is thought that the current intensity 

of the pellet mill motor expresses the specific energy 
requirement to produce the mass unit of pellets, but that is not 
true for all the cases, in pellet mill machine the specific 
energy requirement cannot be calculated according to the 
pellet mill production rate but according to the final 
production rate. So measuring the motor current is important 
too to know the motor load by using different dies L/D ratio. 
Data in Fig (10) showed the effect of Die L/D ratio and pre- 
conditioner parameters on pellet mill mean motor current, it's 
indicated that increasing die L/D ratio from 7.9 to 13 and 15.9 
increased the pellet mill main motor current as average with 
all of conditioner retention times and formula temperatures 
by 3.67 and 10.68% respectively. The increase in motor 
current by increasing the L/D ratio could be due to the 
increase in die total thickness that requires an increase in 
compression force to ensure that the feed formulation flows 
through the holes and overcome friction resistance and the 
increase in holes holding time. 

  
Fig. 10. The effect of die L/D ratio, formula retention time 

in pre-conditioner and formula temperature on 

pellet mill motor current 
 

While increasing the formula retention time in pre-
conditioner from 70 to 80, 90 and 100s decreased slightly the 
motor current as average at all formula temperatures and dies 
L/D ratios by 2.41, 2.49 and 2.53% respectively. This decrease 
in motor current attributed to the increase in formula retention 
time provides the opportunity for the formula to be saturated 
with steam, which facilitates the flow inside the die holes and 
reduce the friction force. Same effect results in Fig (10) showed 
that increasing the formula temperature in pre-conditioner from 
65 to 85 and 105Co results an intangible decrease in pellet mill 
motor current at all the dies L/D ratio and pre-conditioner 
retention time by 1.35 and 1.35 and 1.51% respectively. The 
decrease in motor current by increasing formula temperature 
could be due to increase in temperature lead to reduce the 
formulation fish oil viscosity that increase the formula flow rate 
in dies holes , reduce the formula holding time and decrease the 
resistance and the motor load. 

Regarding to the pellet mill specific energy 

requirements (SE), data in Fig (11) showed the effect of 

different pellet mill operation parameters on energy 

requirements, results indicated that the dies total thickness and 

L/D ratio are the most important factors affecting the pellet 

mill specific energy requirements, increasing the die L/D ratio 

from 7.9 to 13 reduce the specific energy(SE) requirements of 

pellet mill as average at all the formula temperatures  and pre-

conditioner retention times by 4.01%.The decrease in(SE) by 

increasing the die L/D ratio from 7.9 to 13 Is attributed to high 

increase in final production rate after sifting with little increase 

in power consumed and motor current of pellet mill. While 

increasing the die L/D ratio from 13 to 15.9 increase the 

energy requirements of pellet mill as average at all the formula 

temperatures and pre-conditioner retention times by 20.0%. 

The increase in (SE) by increasing the die L/D ratio from 13 to 

15.9 could be due to the high decrease in final production rate 

after sifting with high increase in power consumed and motor 

current of pellet mill.   

 
Fig. 11. The effect of die L/D ratio, formula retention time 

in pre-conditioner and formula temperature on 

pellet mill specific energy requirements.  
   

Also same Fig (11) showed that increasing the pre 
conditioner retention time from 70 to 80, 90 and 100s , using 
dies L/D ratio of 7.9 and 13 ,decreased the (SE) as average 
for all formula temperatures by 3.84, 4.37 and 2.19% 
respectively. The decrease in (SE) by increasing the pre 
conditioner retention time using dies L/D ratio of 7.9 and 13 
could be due to the increase in final production rate. 
Meanwhile increase the pre conditioner retention time from 
70 to 80, 90 and 100s using die L/D ratio of 15.9 increased 
the (SE) as average for all formula temperatures by 0.19, 1.67 
and 1.61% respectively. The increase in (SE) by increasing 
pre conditioner retention time using die L/D ratio of 15.9 
could be due to the high decrease in final production rate with 
low decrease in pellet mill power consumed. Data in Fig (11) 
indicated that too the effect of formula temperature in pre-
conditioner on the (SE), increasing the formula temperature 
in pre-conditioner from 65 to 85 and 105Co decreased the 
(SE) as average using all dies L/D ratios and pre conditioner 
retention time by 1.63 and 1.71% respectively. The little 
decrease in (SE) by increasing the formula temperature in 
pre-conditioner from 65 to 85 and 105Co could be due to the 
slight increase in final pellets production with decrease in 
pellet mill power consumption.    

3- Die operation temperature   

Die running temperature is one of the most important 

measurement in any pellet mill plant, the dies operating 

temperature should be measured to ensure that it does not 

exceed permissible limits, the high increase in die temperature 
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actually lead to damage the rollers bearings, causing blockage 

in the die holes as a result of formula burning and change in 

produced pellets standard specifications. Data in Fig (12) 

showed that increasing the die L/D ratio from 7.9 to 13 and 

15.9 increased the die temperature as average at all the 

formula temperatures and pre-conditioner retention times from 

80.94 to 100.92 and 125.26Co respectively. The increase in 

die temperature by increasing the die L/D ratio could be due to 

the increase in die effective length and that lead to increase the 

fraction between the die holes material and formula with the 

increasing in die holding time.   
 

  
Fig. 12. The effect of die L/D ratio, formula retention time 

in pre-conditioner and formula temperature on 

die operation temperature 
 

From previous data in Fig (12) it is indicated that 
increasing formula retention time in pre-conditioner increased 
the die operating temperature through positive relation, data 
showed that increasing formula retention time in pre-
conditioner from 70 to 100s increased the die operating 
temperature as average for all formula temperatures from 
79.48, 99.11 and 123.01 C

o
 to 82.77, 103.21 and 128.10 C

o
 

using dies L/D ratio of 7.9, 13 and 15.9 respectively. Same 
indication for formula temperature in pre-conditioner showed 
in Fig (12), increasing the formula temperature from 65 to 
105 C

o
 as average at all formula retention times from 78.60, 

98.01and 121.64 C
o
 to 83.50, 104.11and 129.22 C

o
 using dies 

L/D ratio of 7.9, 13 and 15.9 respectively. The increase in die 
temperature by increasing the formula retention time and 
formula temperature could be due to increase the of the 
formula exposure time to the steam injection in the pre 
conditioner, which raises the formula temperature and that 
lead to trivial increase in die temperature. 

4- Aquatic feed pellets bulk density 
Pellets bulk density is considered one of the major 

quality control measurement in any pellet mill factory, Data 
in Fig (13) showed that increasing the die L/D ratio from 7.9 
to 13 and 15.9 increased the pellet bulk density as average at 
all formula retention times and formula temperatures by 7.90 
and 4.60% respectively.  

The increase in pellets bulk density by increasing the 
L/D ratio could be due to the increase in die total thickness 
and effective length, increase the holding time, and that lead 
to increase formula granules compact with decrease the 
interfaces between the granules, all that resulted increase the 
pellets mass in constant volume.   

While data showed that increasing formula retention 
time in pre-conditioner from 70 to 80, 90 and 100s increased 
the pellets bulk density as average for all L/D ratios and 
formula temperatures by1.33, 1.92 and 2.51% respectively. 

Regarding to the effect of formula temperature on pellets 
bulk density same figure showed that increasing formula 
temperature from 65 to 85 and 105 C

o
 increased the pellets 

bulk density as average for all L/D ratios and formula 
retention times in pre-conditioner by 1.84 and 1.72% 
respectively. 

  
Fig. 13. The effect of die L/D ratio, formula retention time 

in pre-conditioner and formula temperature on 

pellets bulk density 
 

The slight increase in pellets bulk density by 

increasing formula retention time in pre-conditioner and 

formula temperature attributed to the increase in formulation 

steam absorption and that lead to increase the formula 

homogeneity that rise to increase the formula compact in die 

holes then increase the pellets mass in constant volume.        

5- Aquatic feed pellets durability 
Pellets durability is measurement usedto determine 

the solidity of the pellets during storage, handling and 
transportation. Data in Fig (14) showed the effect of die L/D 
ratio, formula retention time in pre-conditioner and formula 
temperature on pellets durability. Results indicated that 
increasing die L/D ratio from 7.9 to 13and 15.9 increased the 
produced aquatic feed pellets durability as average at all 
formula retention times in pre-conditioner and formula 
temperature from 84.97 to 92.27 and 93.85% respectively. 
The increase in pellets durability by increasing die L/D ratio 
could be due to the increase in pellets solidity by increasing 
die holes holding time that lead to decrease the interfaces 
volume and cracks between formula granules. 

When analyzing the effect of formula retention time in 
pre-conditioner results on pellets durability, Fig (14) showed 
increasing the formula retention time in pre-conditioner at all 
formula temperatures from 70 to 100s increased positively the 
durability from 80.07 , 86.96 and88.44% to 87.86, 95.41 and  
97.04 % using dies L/D ratio of 7.9, 13 and 15.9 respectively. 
The increase in pellets durability could be due to the increase 
of retention time make the steam reaches the granules center 
of the formula ingredients and makes the granules more 
cohesively that led to improve the pellets compressing process 
and reduce the pellets cracks and reduce the broken pellets 
percentage during durability testing. 

Given to the effect of formula temperature on pellets 
durability results showed in Fig (14) appeared that increasing 
the formula temperature from 65 to 85 Co increased the 
pellets durability as average for all formula retention times in 
pre-conditioner from 84.39, 91.65 and 93.22% to 85.57, 
92.93 and 94.52%, while increase the formula temperature up 
to 105Co decreased the pellets durability to 84.93, 92.24 and 
93.81% using dies L/D ratio of 7.9, 13 and 15.9 respectively. 
The obtained increase in pellets durability by increasing the 
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formula temperature from 65 to 85Co can be explained it is 
due to more cooking for formula lead to produce polished 
surface texture pellets able to resist the shocks in durability 
box. Meanwhile, the weak decrease in pellets durability by 
increasing the formula temperature up to 105Co could be due 
to at this temperature the steam is not completely dry and 
increases the formula moisture content that lead to 
appearance cracks in pellets after cooling and sifting 
operations lead to collapse the pellets after durability testing.    

  
Fig. 14. The effect of die L/D ratio, formula retention time 

in pre-conditioner and formula temperature on 

pellets durability. 
 

6- Aquatic feed pellets water stability. 
One of the most important specifications that fish 

farmers are looking for in the used aquatic feed pellets is the 
pellets water stability. The fast breakdown of pellets in the 
water leads to a suffering huge loss in aquaculture farms. 
Data in Fig (15) showed that increasing dies L/D ratio from 
7.9 to 13 and 15.9 increased pellets water stability at all 
formula retention times in pre-conditioner and formula 
temperature from53.34, to 66.57 and 68.48% and from 17.44 
to 31.91 and 44.18% after 30 and 60 min respectively. The 
increase in pellets water stability by increasing dies L/D ratio 
could be due to the increase in pellets bulk density and that 
lead to reduce the interfaces between the granules, it is known 
that the pellets will be collapsed when the water fills the 
spaces between the granules of the pellets.  

From previous data in Fig(15) is clear to know that 
increasing the formula retention time in pre-conditioner from 
70 to 100s increased positively the pellets water stability as 
average at all formula temperature from 49.24,  94.78  and 
63.21% to 56.39,  :3.6<  and 72.40% after 30 min sinking in 
water and from 14.92, 27.29 and37.79% to 21.21, 38.81and 
53.74% after 60 min sinking in water using dies L/D ratio of 
7.9, 13 and 15.9,respectively.The increase in pellet water 
stabilty by increasing the formula retention time in pre-
conditioner from 70 to 100s could be due to  the increase in 
formula steam absorption and that lead to improove the 
pelleting process and reduce the interfaces volume between 
granules.  

On ather hand, increasing formula temperature 
from 65 to 85C

o
 increased the pellets water stability at all 

formula retention time in pre-conditioner from52.21, 65.17 
and 67.03% to 54.60, 68.15 and70.10% after 30 min 
sinking in water, and from 17.07,  31.24 and43.25% to 
17.85, 32.66 and 45.23% after 60 min sinking in water, 
using dies L/D ratio of  7.9, 13and 15.9,respectively. The 
increase in pellets water stability by increasing the formula 
temperature could be due to the high limited formula 
temperature lead to improve the formula cooking and the 

formula will facing another increase in presure and 
temperature through pelleting process, all that occurse to 
genarate a low degree of starch gelatinization for the pellets 
and that makes the water penetrate into the interfaces 
between the granules so difficult. 
 

 

 
Fig. 15. The effect of die L/D ratio, formula retention time 

in pre-conditioner and formula temperature on 

pellets water stability after sinking in water 30 

and 60 minutes.  
 

While increasing the formula temperature up to 
105C

o
 resulted unsignfecant  decreased  in the pellets water 

stability to 86.53, 99.73 and 68.30% after 30 min sinking in 
water and to 4:.73, 64.;6 and 44.07% after 60 min sinking in 
water using dies L/D ratio of 7.9, 13 and 15.9, 
respectively.The wake decrease in pellets water stability by 
increasing the formula temperature up to 105C

o
 could be due 

to the increase in formula moisture content at this 
temperature, as we know increasing steam temprature need 
increase of the bolier steam out put or production , steam 
flow through   what we called traps to remove moisture from 
steam to produce the roasted steam (dry steam) before inject 
it in the pellet mill pre-conditioner. Increase the steam out put 
lead to produce wet steam, after drying and cooling the 
produced pellets and take of the moisture, the pellets becomes 
crisp and  quickly collapses in the water. 
 

CONCLUSION 
 

From obtained data after study the design 
specification and dies holes dimensions of three of common 
dies most used to produce aquatic feed pellets has diameter of 
3.5mm, the recommended die specification were die total 
thickness and effective length of 45.5mm, and die L/D ratio 
of 1:13 with die entry diameter of 4.25mm without relief, and 
optimum pre conditioner processing were 90s retention time, 
and 85C

o
 formula temperature, the obtained results of this 

parameters were 7.553Mg/h pellet mill production rate and 
7.277Mg/h final production rate after cooling and sifting by 
decrease in productivity of  3.97%, 137 A motor current , 
9.36 kW.h/Mg energy requirement of pellet mill, 101.12C

o 
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operating die temperature in the range of safe die 
temperature. The measured quality of produced aquatic feed 
pellets were 903.20 kg/m

3
 pellets bulk density, 95.69% 

pellets durability, 70.67 % and 33.24% pellets water stability 
after 30 and 60 minutes sinking in water. The study 
recommended use this die specification with any pellet mill 
capacity with change in die eternal diameter.        
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عهي اداء انًكبس انحهقي انحهقي وعىايم انتشغيم نىحدة انتهيئت  اندايتأثير نسبت انطىل انفعبل اني قطر انثقب في 

  انغبطست  مسًب األعالف اوجىدة 
 أمسبيت قدور 

 جبيعت انسىيس - كهيت انثروة انسًكيت - انهندمسيتقسى انعهىو  - انهندمست انزراعيت قسى
 

 

عىدح ىالعالف اىَْزغه و مزىل اخزيبس رىاعه ٍصبّع اّزبط اعالف االعَبك راد اىَنبثظ اىحيقيخ ٍشنيخ مجيشح في اخزيبس اىذاي اىحيقي اىَْبعت ىيحصىه عيي اعيي اّزبعيخ وافضو 

ٍِ اىَعشوف ُا اعالف اعَبك اىجيطي و  اىزشميجخ اىعيفيخ ىيزعشض ىيجخبس داخو اىَهيئ ومزىل دسعخ حشاسح اىزشميجخ اىعيفيخ داخو اىَهيئظشوف اىزشغيو اىَْبعجخ ىَهيئ اىَنبثظ ٍِ صٍِ ثقبء 

رشميجخ عيفيخ اىي اخشي وفي اىغىق وٍِ اىَعشوف ايضب اُ اىَىاصفبد اىزصَيَيخ ىذاي االعالف ٍِ عَل اىذاي اىنيي وّغجخ اىطىه اىفعبه اىي قطش اىضقت رخزيف ٍِ ٌٍ   3.5رْزظ ثقطش 

ت ٍع اخزالف رشميجزهب وىنِ اصحبة اىَصبّع يغزخ 3.5اىَصشي ٍقبط اىضقت  ذٍىُ اىذاي ثقطش ٌٍ ال يغزخذً فقظ الّزبط اعالف االعَبك ثو ايضب يغزخذً الّزبط اعالف اىذواعِ واالسّا

غشثخ ثَصْع الّزبط اعالف االعَبك اىغبطغخ في ٍذيْخ اىحغْيخ فبقىط زاعشيذ هزح اى.ٌٍ دوُ االهزَبً ثغَل اىذاي وّغجخ اىطىه اىفعبه اىي اىقطش اىَْبعت الّزبط اعالف اعَبك اىجيطي 3.5

خفبض عىدح االعالف اىَْزغخ وعذً ص اىذاسط اعزخذٍهب جبد االّزبعيخ ىخظ االّزبط وقذ رٌ اخزيبس عذد صالس دايبد ىالعالف ثَحبفظخ اىششقيخ ّظشا ىزعشض اىَصْع ىعذيذ ٍِ اىَشنالد ٍِ ّا

اىي  753ويشٍض اىشقٌ  ((SZLH-420-2A  َنجظ اعالف ٍىديوىعَيعهب وطجقب ىيَىاصفبد اىقيبعيخ و  (40Cr13)ورٌ رصْيع اىذايبد ثبحذ اىَصبّع في دوىخ اىصيِ ٍِ عجينخ اعزْيظ عزيو

راد ّفظ قطش اىضقت مبّذ عَيع اىذيبد ٍحو اىذساعخ  و يشٍض اىي عذد اىَهيئبد عيي اىَنجظ(2A)ط واىشٍض  \طِ 43-:اىقطش اىذاخيي ىيذاي وهى اىَقبط اىزي يحذد اّزبعيخ اىَنجظ ٍِ 

*اسثع  (1:15.9 -1:13.0 -1:7.9) هي* صالس ّغت اىطىه اىفعبه اىي قطش صقت اىذاي اىفعبه  يٌٍ وىنِ ثغَل ميي وّغجخ طىه فعبه اىي اىقطش ٍخزيف ومبّذ عىاٍو اىذساعخ ه 3.5

ورٌ رقييٌ اداء اىَنجظ وعىدح  دسعخ ٍئىيخ (105-85-65)صالس دسعبد حشاسح ىيزشميجخ داخو اىَهيئ ومبّذ صبّيخ* (100-90 -80 -70)ٍغزىيبد ىضٍِ اعزجقبء اىزشميت داخو اىَهيئ ومبّذ 

= أفضو اُ افضو عىاٍو رشغيو اعطذ ٍعذالد اداء عيذح ىيَنجظ وافضو عىدح العالف االعَبك اىغبطغخ هي االعالف اىَْزغخ ٍِ خاله ٍغَىعخ ٍِ اىقيبعبد اىهبٍخ وقذ اشبسد اىْزبئظ اىي

 8;وافضو دسعخ حشاسح ىيزشميجبد اىعيفيخ داخو اىَهيئ هي -صبّيخ  3>افضو صٍِ اعزجقبء ىيزشميجخ داخو اىَهيئ هي -ٌٍ    45.5وثغَل ميي ىيذاي هى  46=4ّغجخ ىيطىه اىفعبه ىيقطش مبّذ 

زبئظ اىزبىيخ =  زبعيخ ىيَنجظ \ٍيغب عشاً   7.553دسعخ ٍئىيخ حيش ُا هزح اىعىاٍو اعطذ اْى خفبض في االّزبعيخ ط اّزبعيخ ّهبئيخ ثعذ عَييبد اىزجشيذ واىغشثيخ \ٍيغب عشاً 7.277 -ط ّا ثْغجخ ّا

غجخ اىجىدسٍع ٍنعجبد اىعيف  3.97%  .مييى واد  9.36ومبّذ اىطبقخ اىالصٍخ الّزبط وحذح اىنزيخ ٍِ االعالف اىَْزغخ  -اٍجيش :46ومبُ شذح اىزيبس اصْبء اىزشغيو ثعذ صجبد االّزبط  –مَؤشش ْى

ً\مغٌ  903.20ومبّذ قيبعبد اىغىدح ىالعالف اىَْزغخ مبالري=  .دسعخ ٍئىيخ 101.12في اىحذود اىَغَىػ ثهب  ومبّذ دسعخ حشاسح اىذاي اصْبء اىزشغيو –ٍيغب عشاً  \عبعخ 
6

مضبفخ  

قو  %95.69 -ىالعالف اىَْزغخ  ّىصي اُ  وٍِ اىْزبئظ اىغبثقخ .دقيقخ عيي اىزشريت 93و 63ّغجخ صجبد االعالف رحذ اىَبء ثعذ  % 33.24و 70.67 % –ٍقبوٍخ اىعيف ىيصذٍبد واْى

ٌٍ  45.5ٍىديو ىيَنجظ )اىقطش اىذاخيي ىيذاي( ثغَل ميي  اىَْبعت الي اخزيبس اىذايٌٍ  3.5 ثقطش اعالف  يشاعي اصحبة اىَصبّع اىَْزغخ العالف االعَبك اىغبطغخ ثْظبً اىَنبثظ اىحيقيخ

ضغبط  4=46 (L/D ratio)وّغجخ اىطىه اىفعبه اىي قطش اىضقت  صبّيخ ودسعخ حشاسح ىيزشميجخ اىعيفيخ داخو اىَهيئ  3>ٍع ٍشعبح ظشوف اىزشغيو ىَهيئ اىَنجظ ثضٍِ اعزجقبء 1:1.47وثْغجخ ّا

 دسعخ ٍئىيخ    8;في حذود 


