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Cattle manure contains the straw and stubble that are in the cattle bed and it also has been made from 
liquid and solid waste. Therefore it is valuable source of minerals (1.78% nitrogen, 0.5% phosphorous, 
and 0.99% potassium) that contains sufficient nutrients to improve physical and chemical properties of 
soil. The density of the cattle manure is low naturally, then it is difficult and costly to transport. Pelleting 
is one of the ways to solve this problem. In this research, pelleting of the cattle manure and the physical 
properties of the resulting pellets were investigated. Results showed that by increasing moisture content 
of cattle manure from 6% to 20% (w.b.) the bulk density of the pellets decreased from 660 to 630 kg/m3 
and particle density of the pellets increased from 1095 to 1583 kg/m3. The force required to rupture the 
pellets varied from 61.3 kg at 6.0% moisture to 19 kg at 20.0% (w.b.). The durability of the pellets was 
variable (from 34% to 53%) in this range of the moisture content. The static coefficient of friction 
changes significantly between different humidity in the probability level of 1% and also may in the higher 
humidity contents, the cattle manure become rougher and become lower the slip properties, so 

increases the coefficient of friction. 
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INTRODUCTION 

Cattle manure contains liquid and solid 
wastes plus’s to straw and stubble that used as 
Cattle bed. Therefore it has valuable Source of 
mineral materials (1.78% nitrogen, 0.5% 
phosphorous, and 0.99% potassium) that could be 
used as cattle manure for soil. Production of solid 
waste is three times more than liquid one in 
weight. Solid waste contains 50% N2, 100% P and 
40% K of total waste. Liquid waste has very 
absorbable N2 and is worthwhile economically 
(Saba, 1998).Total Production cattle manure in 
Iran about 6 million ton that stores in open country 
of farm. This leads to decrease in notorious 
materials and environmental pollutions 
(Anonymous, 2006). High percentage of moisture 
of manure in addition with heterogeneous of 
materials are factors that limit the use of it. In 

natural conditions, because of low density, 
transportation of manure is very difficult and 
costly. Densification and pelleting that leads to 
decrease in volume of manure, facilitates the 
transportation of wastes. Pelleting has also this 
advantage that required chemical cattle manure 
could be added to manure during pelleting (Adapa 
et al., 2003; McMullen et al., 2004). In many 
agricultural jobs, materials should be compressed 
to reduce volume or take a special shape in order 
to transportation fustigation. To do this calculating 
the required push force, determining some 
physical and mechanical properties of manure is 
necessary (Gholami and msvmy, 2006; Sitkey, 
1986). Pelleting is a common way for 
compressing the materials in industry 
(Batacharya, 1989; Erickson and Prior, 1990). 
Samson and Jannasch in their researches on 
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biomass reported the energy analysis and 
assessment of switch grass pelleting process. 
They found that switch grass pellet hardness 
moderately increased with a decrease in particle 
screen size from 3.2 to 2.8 mm (Jannasch et al., 
2001; Samson et al., 2000).  

Hara, 2001, studied on livestock manure 
pellets which produced using extruder. He 
reported that increasing in moisture and soil of 
pellets, durability of pellets decreases. He also 
reported that the best moisture content for 
producing of pellet is 45% and storing the pellets 
is 20% (Hara, Masayuki, 2001).McMullen et al., 
2004, studied the physical characteristics of 
pellets from poultry litter. Result show that the 
storage and handling properties of the pellets 
made from poultry litter are affected by moisture 
content (6 to 22% w.b.) and relative humidity 
(45% to 80%) of the storage environment. 
Pelleting increased the bulk density of the litter by 
about four fold. The pellets absorbed up to 8 
percentage points of moisture within 40 hours of 
exposure to humid air. 

Roper et al, 2005, developed a simple 
technology for pelleting the poultry litter. In this 
method, spherical pellet forms by adjusting some 
factors such as moisture content, speed of 
revolution device, blowing and temperature. They 
found that while pellets have good storage but, 
showed few strength in durability test (Roeper et 
al., 2005). 

Mani et al, 2006, studied the effects of 
compressive force, particle size and moisture 
content on the mechanical properties of biomass 
pellets. They  was found that all these variables 
significantly affected pellet density except no 
significant effect was observed for particle size on 
the pellet density of wheat straw. 

Fasina, 2007, studied Physical properties of 
peanut hull pellets. He was found that Pelleting 
increased the bulk density of peanut hull by more 
than fourfold thus reducing the amount of space 
required for storage and transportation by more 
than four fold. There was a linear decrease in bulk 
and particle density of conditioned pellets as 
moisture content of the pellets increased. 
Maximum durability of 90.1% was obtained for the 
conditioned pellets at moisture content of 9.1%. 
The pellets absorbed up to 4.8% points of 
moisture within 48 h of exposure to humid air with 
increased rate of moisture absorption with 
increase in air relative humidity and temperature. 
 
MATERIALS AND METHODS 

Sample preparation for pelleting 
Required cattle manure, preparation from 

livestock of Aboureyhan campus, University of 
Tehran. Then it were remained in open area in 
order to putrefy (decay, rot, corrode) and 
decrease in moisture content. Before pelleting, the 
manure was ground through a mesh NO.50.   

Moisture content determination and 
adjustment  

Moisture content measurements based on 
standard of ASAE S358.2 were made by placing 
10g sample in oven set at 103 °C for 48 hour. For 
preparing the pellets to desired moisture content, 
the fallowing equation applied: 

 
                                      

(1) 
 

Where 
Mwi : initial moisture content of manure 

(%,w.b.); 
Mwf : final moisture content of manure 

(%,w.b.); 
mi  : Primary weight of manure; 
mw: the weight of water that should be add to 

manure 
After of addition of water, samples placed in 

zip pack into refrigerator set at 5 °C. In this study, 
samples were prepared in four level of moisture 
content 6% (initial moisture content), 10%, 15% 
and 20%. 

Pelleting 
A hydraulically press device (Fig.1) and a 

close die (Fig. 2) applied for pelleting. The 
procedure of pelleting was as fallow; 

 

 
 

Figure 1: Hydraulic press machine 
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Figure 2: Schema diagram of close die 
 

Manure was purred into a 10mm diameter and 
60mm length cylinder. Next, piston pushes the 
manure by hand force in order to bleeding. After 
that, hydraulically press by 12.5 KN applied in 10-
20 seconds. The desired pellet was formed. 

Particle Density 
Considering that pellets are cylindrical, the 

length (L) and diameter (d) of ten (10) pellets from 
each sample were measured by means of a digital 
caliper (Model CD-6CSX, Mitutoyo Corp., 
Kawasaki, Japan) accurate to 0.01mm. The 
corresponding mass (m) of the pellet was also 
obtained with a digital balance accurate to 
0.01grams. The volume (V) and particle density 
(ρp) of the pellets were computed from the 
equations (2, 3). 

ldVp
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Bulk Density and Porosity 

Bulk density was determined according to the 
ASAE Standard S269.4 (ASAE, 2002). This 
procedure involves filling a container (300 mm in 
diameter and 310 mm high) from a height of 610 
mm above its top edge and tapping several times 
before mass measurements. Bulk density was 
taken as the ratio of the mass sample in the 
container to the volume of the container (1137 
mm3). The inter-granular porosity of the pellets 
was calculated from the measured values of bulk 
density and particle density as follow: 

                         
 (4) 

 

Durability 
A set based on the ASAE Standard S269.4 

developed for measuring durability of pellets 
(Fig.3) this set involves a steel rectangular cubic 
installed to the shaft of an electro-gear box that 
has revolution speed of 50 rpm. For assessing the 
durability of pellets, 500 g pellets from each 
treatment was placed into the chamber and turned 
for 10 min (ASAE Standards., 1998). 

Durability of samples consulted by:  
 

(5)                                     
 

 
Where 
Mc : mass of pellet after tumbling 
Mi : mass of pellet before tumbling  

 
 

Figure 3: Pellet durability test machine (ASAE S269.4 standard) 
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Hardness 
A biological material test (B.M.T) device was 

used for measuring the hardness of pellets 
(Fig.4).This set was developed in Department 
Agricultural Technical Engineering in Aboureyhan 
campus of Tehran University. Ten pellets from 
each sample were used, for this test. Pellet holds 
with retainer.  Load cell that connected to the 
moving retainer moves to down at speed 10 
mm/min and pressed pellet. The maximum force 
needed to rupture the pellet sample was recorded. 
This force was taken as a measure of pellet 
hardness.  

 
Figure 4: Schema biological material testing 
machine ( B.M.T)  

 
 
 
 

Moisture absorption 
Moisture absorption tests were conducted in 

an air-tight chamber (1.8 m x 0.9 m x 0.9 m). 
Conditioned air was supplied to the chamber by a 
temperature-humidity conditioner (Model AA-
5460A, Parameter Generation and Control Inc., 
Black Mountain, NC). The following temperature-
relative humidity combinations: 45 °C; and 70% 
and 80% were used for the moisture absorption 
study. A schematic diagram of the test system is 
shown in (Fig. 5). 

To conduct a test, about 100 g sample was 
placed in the sample container and hung onto the 
weigh-below hook of the balance (accuracy of 
0.01 g). The sample was thereafter exposed to 
the conditioned air for a maximum duration of 48 
h. At this time, the pellets would either not absorb 
any more moisture or would have been almost 
disintegrated. The weight of the sample was 
continuously recorded every 30 min throughout 
the duration of exposure to the conditioned air. 
This was achieved by using a RS232 interface to 
connect the balance to a PC computer and using 
Windmill RS232 communication software 
(Windmill Software Ltd.., Manchester, UK) to 
acquire data from the balance. 

 
 
 
 
 
 

 
Figure 5:  Schematic of moisture absorption test  
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Measuring the coefficient of friction of Cattle 
manure 

Since the manure is in contact with the 
cylinder body and the Extruder of inlet funnel,  
Therefore, we have  need to study the coefficient 
of friction for cattle manure in different moisture 
content. We can calculate the coefficient of friction 
of cattle manure with using from a simple 
clinometer device upon different surfaces 
including the galvanized iron and black steel with 
starting measurement of slipping angle for cattle 
manure on each surfaces with accuracy of one 
degree (Fig.6).  

 
 

Figure 6: Calculation of the slip’s start angle 
 

In this way, the coefficient of friction is 
obtained at the slip threshold. The coefficient of 
static friction angle is calculated using relation (6). 
The experiment is done out at six levels of 
humidity, each with three replications. 

   
μ = 𝑡𝑎𝑛𝜑                  (6) 
 
That µ, Ø are respectively the coefficient of 

static friction angle and the angle of the slope is at 
the instant of slipping the tin (Baryeh ., 2001,2002, 
Dutta et al.,1988, Gezer et al.,2002 and Jain and 
Bal., 1997). 

 
Determination of angle of repose for cattle 
manure  

Since the cattle manure is powdery, so we 
measure the angle of repose of cattle manure in 
different ways. The angle of repose is the 
maximum angle of the horizon surface which one 
matter is placed on an intended surface without 
gliding or rolling. In other words, this angle is 
defined between the edge of the material mass 
and the horizon surface under normal zero 
pressure. The angle of repose is calculated in two 
methods of filling and discharging. In the filling 
method which is definite by Bauman, at first, the 
cattle manure pour in a cylinder with an 
approximate diameter of 15 cm, then we raise the 

cylinder slowly, so the cattle manure naturally 

formed a cone(Fig. 7-a).  

 
   a) Method of form cattle manure cone             
  

 

 
b) Angle measurement  using software 
AutoCAD       

 
 

Figure 7: The angle of repose of cattle manure  
 

We can calculate that intended parameter 
with relation (7) ( Mavadati et al., 2008 and 
Bouman., 1992).  

                          
(7) 

 
 

θf : the angle of repose 
h= the height of the cone (cm) 
In this method, the first shot was taken by a 

digital camera and then the angle is calculated 
using the AutoCAD software, as shown in (Fig.7-
b). But in the discharging method, hang the 
desired cylinder from a height of 30 centimeters 
and the end covered with a metal plate and fill 
with the cattle manure and the metal plate is 
suddenly pulled to form a cone then obtain angle 
by photography with a digital camera. For 
surveying the result of this part, the size of pieces 
is surveyed as a treatment in total randomized 
design on the repose angle in two mentioned 
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methods. The means comparison is done by the 
Duncan’s multiple range tests in three repetitions. 
 
RESULTS AND DISCUSSION 

Changes in bulk density of the pellets 
compared to the moisture content of the pellets 
are shown in (Fig.8). As this figure shows the 
increase in moisture content of 6% to 20% of the 
mass density decreases from 660 kgm3 to 630 
kgm3. In fact, a slight decrease occur in bulk 
density by increasing moisture content and also 
with increasing the moisture content of cattle 
manure, the amount of cattle manure needed 
more space for storage. 

Changes in particle density of the pellets than 
the moisture content are shown in (Fig. 9). In this 
figure it can be seen that with the increase in 
moisture content from 6% to 20% of the mass of 
the particle density increases from 1095 kgm3 to 
1583 kgm3. In other words, the increase in mass 
of the pellets is greater than the increase in 
volume. Similarly, the porosity of the pellets 
increases with increasing the manure moisture 
content (Fig.10). 

 

 
 

Figure 8: Effect of moisture content on bulk 
density 

 
Figure 9:  Effect of moisture content on 
particle density 

 
Figure 10:  Effect of moisture content on 
porosity of the pellets 
 

Fig. 11 shows the effect of moisture content 
on pellet durability. Pellet durability varies from 
34% to 53% in moisture range of 6% to 20%. With 
increasing moisture content, durability or 
sustainability of pellets initially increased to a 
maximum value at 53% in moisture content of 
10%. In moisture content greater than 10%, the 
stability and durability of the pellets decreases. 
This is because the intermolecular forces 
increased with increasing moisture content and 
reaches its maximum value, but a further increase 
in moisture content reduces the intermolecular 
forces and even causes the two-phase mixture 
(liquid and solid). In other words increasing 
moisture manure, causes changes from visco-
elastic to visco-plastic in rheological properties. 
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Figure 11: Effect of moisture content on 
pellets durability 

To determine the relationships between the 
particle density, bulk density and porosity of the 
pellets with moisture content of the pellets using 
regression analysis, relations (8), (9) and (10) 
were obtained. The relations with the relevant 
coefficients are determined in Table 1. As can be 
seen the trend of the particle density, bulk density 
and moisture content of the porosity of pellets is 
linear with good approximation. 
Table 1:  Regression equations and correlation 
coefficients corresponding 

Model 
Factor of model 
determination 

ρb= 670.948 - 2.133 M R2 = 0.975     (8) 

ρp= 835.68 + 38.456 M R2 = 0.936     (9) 

= 0.2974+ 0.016 M  ε  R2 = 0.941     (10) 

 
Hardness 

(Fig.12) shows the effect of moisture content 
on the hardness of pellets. Hardness of pellets are 
more sensitive to changes in moisture content 
than the pellets durability. The results show that 
with increasing moisture content, hardness of 
pellets decreases linearly with equation (11). So 
when the moisture content increased, the pellets 
showed little resistance against quasi-static 
compressive loads. Moisture absorption lowers 
the strength of the bonds holding the pellet 
particles together and pellet would be too fragile 

 
R2=0.9624       (11)              

 

 
 
 
Figure 12:  Effect of moisture content on 
hardness of pellets 
 
Moisture absorption 

Absorption or desorption of manure pellets 
moisture is dependent on the temperature and 
relative humidity of the air. Figure 13 shows that 
the pellets can absorb moisture up to 8% over 24 
hours with a constant relative humidity of the air. 
Moisture absorption data using numerical 
methods of Levenberg-Marquardt in software 
MATLAB7.1 according to the exponential equation 
(12) were fitted. 

     
                                                                                                 

(12)   
 

 
That in this regard: 
 t  : time (h)  
M : Moisture content at any time (%w.b)  
Mi:The initial moisture pellets (5%w.b) 
Me::final moisture 
K: Moisture absorption coefficient (h-1). 
Root Mean Square Error (RMSE) and 

correlation coefficient (R2), experimental data and 
the coefficient (k) obtained at air relative humidity 
of air (70% and 80%) and at a temperature of 45 ° 
C fitted with equation (12) and are shown Table 
(2). 
Table 2:  RMSE, R2, k, at a temperature of 45 ° 

at air relative humidity (70% and 80%) 

RH RMSE R2 k 

70% 0.2403 0.9702 0.2082 

80% 0.2469 0.9833 0.2575 
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The result of determining the coefficient of 
friction  

The coefficient of static friction obtain is 
shown on two surfaces (Galvanized and black 
steel) in the humidity contents around of 20% to 
80% (in base of wet) in (Fig.14). The static 
coefficient of friction changes significantly 
between different humidities in the probability 
level of 1%. The coefficient of friction of cattle 
manure with increasing the contents of humidity, 
increases for Galvanized surface like on 
exponential function (relation 13) and for black 
steel surface like linear function )relation 14(. Also 
may in the higher humidity contents, the cattle 
manure become rougher and become lower the 
slip properties, so increases the coefficient of 
friction.  

The mathematical relation between moisture 
content and static friction coefficient for two 
galvanized iron and black steel surfaces is given 
by relations (13) and (14). 

 

𝜇 = 0.208𝑒0.264𝑀𝑐   𝑅2 = 0.9959                         
Galvanized iron                                     (13) 

𝜇 = 0.024𝑀𝑐 − 0.184 𝑅2  =  0.988                         
Black steel                                           (14) 

Results of determining the angle of repose: 
The results obtained from calculating the 

angle of repose using two methods of filling and 
discharging that was done by photography 
method with the digital camera and determining 
the intended angle, is shown in the (Fig.15). In 
this figure, the horizontal axis indicative  the  
mesh size  and the vertical axis shows the natural 
deposition angle obtained for cattle manure.  

With examining the (Fig.15) associated with 
the angle of repose, we conclude that by reducing 
the size of the cattle manure particles in both 
methods filling and discharging gradually will be 
decreasing the natural deposition angle.  

 
Figure 13:  The effect of relative humidity on cattle manure pellets absorb moisture at a 
temperature of 45 ° C. 
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Figure 14: The effect of moisture content on the coefficient of static friction of cattle manure 

 
Figure 15: The variation of the angle of repose for cattle manure, using two methods of filling and 
discharging 
Table 3: Statistical analysis of data on angle of repose by filling method 

Sources of change Degree of freedom sum of squares Mean squares probability level 

Treatment 3 71.75 23.91 0.0034 

Error 8 17.66 2.2  

Total 11 89.41   

 
Table 4: Statistical analysis of data on angle of repose by discharging method 
 

Sources of change Degree of freedom sum of squares Mean squares probability level 

Treatment 3 48.11 16.05 0.2227 

Error 8 70.83 8.85  

Total 11 119   

 

CONCLUSION 
Storage and transport properties of pellets made 
of cattle manure were affected by the moisture 

content of cattle manures (6 to 20 percent) and 
relative humidity of the air. By increasing the 
moisture content of cattle manures, the particle 
density and porosity of manure increased and 
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cattle manure bulk density decreased. The pellets 
made from cattle manure with moisture content of 
10% has the highest durability (53%) and also 
pellets with moisture content of 6 percent, has the 

highest hardness (61.3 kg). The static coefficient 

of friction changes significantly between different 
humidities in the probability level of 1% and also 
may in the higher humidity contents, the cattle 
manure become rougher and become lower the 
slip properties, so increases the coefficient of 
friction. The results obtained from the angle of 
repose of cattle manure shows that by reducing 
the size of the cattle manure particles in both 
methods filling and discharging gradually will be 
decreasing the natural deposition angle. 
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