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Abstract 
The effect of husking and whitening machines on rice, Daillman Mazandarani (DM) cultivar was studied based on 
some economic indicators. Two types of machines (Satake and Yanmar) were tested at three clearances of 0.4, 0.6 
and 0.8 mm between cylinders and three ranges of grain moistures of 10%-12%, 12%-14% and 14%-16%. The 
experiments were carried out in a factorial experiment under complete randomized design with three replications. 
The results showed that the Satake machine was significantly better than the Yanmar machine in all studied 
conditions. The results showed a fixed costs of 2.510 and 2.879 $/h , variable costs of 2.014 and 2.303 $/h , total 
costs of 4.973 and 5.701 $/h , fixed cost average of 1.754 and 2.403 $/h , variable casts average of 1.405 and 1.921 
$/h and total costs average of 3.157 and 4.321 $/ h for Satake and Yanmar machines, respectively. The clearance 
0.8 was significantly superior to the other two levels of 0.4 and 0.6 mm while the moisture content of grain at 
range of 10%-12% was significantly superior to the other ranges of 12%-14% and14%-16% in all studied 
conditions. 
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1. Introduction 
In Iraq ,rice is the staple food more than 50% of 
the Iraqi population it depends upon. Rice 
contributes about 43% of total food grain 
production and 46% of total cereal production in 
the country, and continues to play a vital role in 
the national food grain supply Iraq. With the 
growing of demand for food crops, especially the 
rice and quality product, the need for improved 
technology of paddy processing industry has been 
realized. This improvement of technology saves 
post-harvesting losses to some extent. However, 
the viability of the industry depends on the 
economics of paddy processing done by different 

mills.  
"Owaid et al,. (2009)" the rice produced in Iraq is 
lost in processing and storage. Further, he 
estimated that about 9% of paddy is lost due to the 
use of old and out-dated methods of drying and 
milling, improper and unscientific methods of 

storage, transport and handling. " Al sharifi et al., 

2016 " decrease the production process, was 
reason broken rice percentage increases leads to 
increase economic costs. " Al sharifi et al., (2016 
b)" when increased moisture content grain ,leads 
to increased percentage of breakage with 
productivity decreases accompanied by an 
increase in costs. 
" kinga , (2013) " the cost of milling of the paddy 
into rice is the major operation with other 
operations also equally important to deliver the 
milled rice to the consumers. The cost of 
milling/ton with this investment on plant and 
infrastructure . It also includes if rental is charged 
at 10-30% to the mill users when investment is 
from the government . It is clearly shown that if 
milling cost/ ton is to be brought to Nu1000/ton 
then, the operating days should be 105 days with 
investment, 118 days with 10% rental per annum, 
130 days with 20% rental per annum and 176 days 
with 30% rental per annum for using the mill and 
the infrastructure.  
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" Alsharifi, (2007)" the completion of the machine 
means the ability of the machine to work efficiently 
without claim to have in the product and this is 
influenced by the type of machine and grain 
moisture content.  
" Kepner et al,. (2005)" the total annual cost 
includes both fixed cost and variable cost. The 
capacity of the machines is its performed capacity 
in acre/year The cost of milling has been 
calculated based on three categories:  
a. The initial investment as zero as the both the 
construction and purchase are done by the 
government. 
b. The initial investment calculated on rental basis 
at 10%, 20 and 30% respectively  
c. The initial investment included as if it is 
operated by private without any government 
support.  
The rice milling recovery was considered at 67% 
from the paddy as 20-22% includes the husk and 
remaining included in the polishing. The cost of the 
paddy purchased is assumed at Nu 30/kg and the 
selling of the rice in the market is assumed at 
Nu70/ kg. 
" Alsharifi et al .,(2017)" .There was a significantly 
influence of machine type on total costs at different 
moisture content and clearance between cylinders 
as obtain on high values of costs with increased 
moisture content and decreased the clearance 
between cylinders "Ghoneim (1981) and Berry et 
al.,( 2007)" that the costs influenced of the type of 
the machine and of the type of crop (increase and 
decrease) of depend on efficiency and productivity 
of the machine . " Al sharifi et al.,( 2016 a ) " .The 
values of productivity and head rice decrease with 
increase cracked grain and broken riceو reflected 
negatively on values of total costs. 
The main goal of this research is to study the effect 
Effect MC for (Satake and Yanmar machines on 
economic indicators of rice DM cultivar at different 
clearance. 
 
2. Materials and methods 
This study was conducted in 2015 to evaluate the 
effect of husking and whitening machines (Satake 
and Yanmar). The experiments were done at three 
levels of grain moisture contents of 10%-12%, 
12%-14% and 14%-16% and three clearances 
between cylinders at levels of 0.4, 0.6 and 0.8 mm. 
The Daillman Mazandarani (DM) cultivar . The 
fixed costs, variable costs, total costs , fixed costs 
average , variable costs average and total costs 
average were calculated for each running test. 
 
2.1. Fixed costs 

These costs are calculated only this machine used 
or not used, and include: 
 
 

2.1.1. Extinction: 

It is the distribution of the cost of existing fixed on 
the number of years that are expected to benefit 
from them or it is a gradual and continuous 
decrease in the value of hard existence as a result 
of many factors including corrosion and 
inadequate productivity. which can be calculated 
by Equation 1 (Al sharifi et al .,2017).: 
 

 

(1) 

 
Where : 𝐷𝐸𝑃 :is annual extinction (Dollar/ hr) , 
𝑃𝑃𝑅 : is the purchase price of the machine 
(Dollar/hr) , 𝑉𝐴 :is the price of the machine after 
the end of life ( Dollar/hr) and 𝑂𝐿 : is operation life 
span of the machine ( Dollar/hr ). 
 
2.1.2. Interest on Turnover 
It is the amount paid for the use of capital as well 
as a compensation or remuneration for the use of 
capital investor for a period of time . Equation 2 
( Bakri 2015 ), 
 

 

(2) 

 
Where: 𝐼𝑁.𝑇: is interest on share 
capital( Dollar/hr ) , 𝑟𝑎𝑡.𝐼𝑁.𝑇 : is interest price as a 
percentage of 8% in Iraq banks and Y : is the 
number of annual operating hours . (1000 
hours/year) 
 
2.1.3. Taxed, insurance and shelter 
It is paid by the consumer whenever he buys a 
commodity and different the tax value in Iraq is 
from 7-20 % of the price of the item .Equation 3 
( Mahayni et al.,2005) 
 

 
(3) 

 
Where: 𝑇.𝑆.𝐼 : is taxes , insurance and shelter costs, 
𝑇.𝑆.𝐼 𝑟𝑎𝑡 : is tax costs , insurance, shelter value 
estimates of 2% Fixed costs which can be 
calculated by Equation 4 ( Al tahan et al., 2011) 
 

 
(4) 

 
2.2. Variable costs 
They are costs that change with the level of 
production and include; 
 
2.2.1. Wage costs the labor 

They are the monetary compensation to be paid to 
industrial workers based on the amount of 
production or on the basis of time, Equation 5 
( Schnitkey 2001 And abdulwahab 2012) 
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(5) 

 
Where: 𝐿𝐶 : is works wages ( Dollar/hr ) ,𝐷𝐿 :is 
wage worker ( Dollar/hr ) and 𝑃𝑃𝑑 : is the daily 
number of hours of work (8 hours in day). 
 
2.2.2. Maintenance costs 

They are the fault detection, diagnosis or replace it 
then be sure to fix it. .Include wages maintenance 
and repair services machinery and spare parts and 
disbursements on the machine for a full year take 
all this information from the records by machines 
in the silo. Equation : 6 (Al sharifi et al., 2016 c) 
 

 

(6) 

 
Where: 𝑀𝑅.𝐶 : is maintenance costs. ( Dollar/hr) , 
Σ𝑀𝑅 : is total maintenance for the entire 
year .(Dollar/hr) , Y : is number annual operating 
(1000/year). 
 
2.2.3. Electrical energy costs 
They are calculated by ammeter for the entire year. 
(Dollar/hr) 
Variable costs which can be calculated by Equation 
Equation ; 7 (Berger et al., 2005) 
 

 
(7) 

 
Or variable costs will be calculated as a percentage 
of 80% from the fixed costs. 
Source : (Berger et al., 2005). 
 
2.3. Administrative costs 
They are all costs that arise as a result of 
operations planning , control and management of 
onsite. Will be Calculated as a percentage of 10% 
from the fixed costs and variable costs. 
Equation : 8 ( Al tahan et al., 2011) . 
 

 
(8) 

 
Where: : is administrative costs.( Dollar \hr) , 𝑀𝑎.𝐶 
2.4. So the total cost of the machines hulling and 
whitening Equation :9 ( Al tahan et al 2011 ) 
 

 

(9) 

 
Where: 𝑇𝐶 : is total costs for machines hulling and 
whitening (Dollar\hr) 
 
2.5. Net income will be calculated according to 
Equation: 10 ( Altahan et al 1990). 
 

 
(10) 

 
Where: 𝑁𝑌 : is the net yield of machines. 
(Ton/hr ) , 𝑇𝐶 : is product sale price (Dollar/hr). 
 
2.6. Average costs in the short term: 
The costs in the short term can be calculated by 
knowing the following; 
 
2.6.1. Variable costs average : 
The Average Variable Cost (AVC) is the total 
variable cost per unit of output. This is found by 
dividing Total Variable Cost (TVC) by total output 
(Q). Total Variable Cost (TVC) is all the costs that 
vary with output, such as materials and labor. The 
easiest way to determine if a cost is variable is to 
see if as output changes, does the cost change as 
well. If it does, then it is a variable cost. Equation 
11 (Abed 2000,Dehez et al., 2003) 
 

 
(11) 

 
Where: 𝐴𝑉𝐶 : is average variable costs (Dollar\hr) 
and Q : is the level of production (Ton/hr). 
 
2.6.2.Fixed costs average 

A generating unit share of the costs and the 
relationship between the volume of production 
and the fixed costs average is an inverse 
relationship in the sense if the increased volume of 
production, led to decreased the fixed costs 
average drop. Equation 12 (Ghoneim1981, Berry et 
al ., 2007). 
 

 

(12) 

 
Where: 𝐴𝐹𝐶 : is fixed costs average. ( Dollar /hr). 
1-2-3- Average Total Costs; : 
The per unit cost derived by dividing total cost by 
the quantity of output. Equation : 13 (Jasim et 
al.,2014). 
 

 
(13) 

 
Where: 𝐴𝑇𝐶 -Is average total costs. ( Dollar\hr ) 
The same method was used with the same cultivar 
(DM) to test the Satake type (Figure 1,2) and 
Yanmar type (Figure 3,4) machines at grain 
moisture content of 12%-14% and 14%-16% and 
clearances of 0.4 and 0.6 mm in three replications. 
The results were analyzed statistically using the 
design complete randomized design (CRD) and the 
difference among treatments for each factor was 
tested according to the LSD test ( Oehlent .,2010 ) 
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Figure 1: Machine (type Satake) used for hulling paddy 

 

  
Figure 2: Machine (type Satake) used for whitening paddy 

 

  
Figure 3: Machine (type Yanmar) used for hulling paddy 

 

  
Figure 4: Machine (type Yanmar) used for whitening paddy 

 
3. Results and Discussion 
3.1. Fixed costs 
The influence of machine type , clearance between 
cylinders and grain moisture on the fixed costs $\ t 
is shown in Table 1. The clearance at 0.8 mm 
showed the lowest fixed costs of 2.216$\ t while 
the highest fixed costs of 3.136 $ \ton was for 04 
mm clearance . This is due to the increasing of 
clearance between cylinders leads to an increase of 
the performance efficiency of the machine and 

decrease the fixed costs. These results are 
consistent with the results that gained by (Adam et 
al., 2000). It is indicated that the fixed cost of the 
Satake machine 2.510$ \ton , is significantly better 
than the Yanmar machine 2.879 $\ton ,this is due 
to the gives of high performance rate when using 
of the Satake machine as compared with the 
Yanmar machine which provided the lowest value 
of performance. These results are consistent with 
the results of (Owaid et al 2009 ). As increasing the 
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grain moisture content leads to an increase of the 
fixed costs the results were 2, 305, 2, 722 and 
3.056 $\ton respectively for different levels of 
moisture content . When increasing grain moisture 
leads to increase disbursements energy 
consumption and increase fixed costs of the 
machine, these results are consistent with results 

that gained by (Alsharifi ,2007 ) .The best result 
1.886 $\ton was obtained by Satake type machine 
at grain moisture of 10%-12%, and clearance of 
0.8 mm. The levels of the fixed costs at different 
conditions are shown in figure 5 for both machine 
types ( Satake and Yanmar ) . 
 

 
Table 1: Effect of machine types , clearance and grain moisture on the fixed costs $\ Ton 

 

  
Note: L.S.D means Least Significant Difference 

 

  
Figure 5: Effect of clearance and grain moisture on the fixed costs for two machines 

 
3.2. Variable costs 
Table 2 shows the influence of the machine type, 
clearance and grain moisture content on the 
variable costs $ \ton. The results indicate that 
increasing grain moisture content leads to increase 
of the variable costs, the results are 1.853, 2.178, 
and 2.445 $\ton respectively. This is due that 
increasing grain moisture content causes of the 
fragility of the rice grains which leads to an 
increase energy consumption of the machine result 

obstruction milling process, hence an increase 
percentage of variable costs. These results are 
consistent with the results the gained by (kinga, 
2013) Increase the clearance between cylinders 
which leads to the decrease of the variable costs 
the values of variable cost were 2.518, 2.185 and 
1.773 $\ton respectively at different clearance 
because the increasing production process of the 
machine, as well as a decrease variable costs, this 
is consistent with the results obtained (Al sharifi et 
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al ., 2016 a ). It is indicated that the variable cost of 
the Satake machine 2.014$ \ton , is significantly 
better than the Yanmar machine 2.303 $\ton .The 
reason for this is the decrease productivity of the 
machine of type Yanmar which leads to an increase 
of variable costs. These results consistent with the 
results of (Berger et al., 2005). All the interactions 
are significantly different and the best results 

1.491 $\ ton have come from the overlap among 
Satake machine, 10%-12% grain moisture content 
and 0.8 mm clearance. The levels of the variable 
costs at different conditions are shown in Figure 6 

for both machine types (Satake and Yanmar). 
 

 
Table 2: effect of machine types , clearance and grain moisture on the variable costs $\ ton 

 

  
Note: L.S.D means Least Significant Difference 

 

  
Figure 6: Effect of clearance and grain moisture on the variable costs for two machines 

 
3.3. Total costs 
Table 3 the influence of the machine type , 
clearance and grain moisture content on the total 
costs $\ton. The results indicate that the Satake 
machine with 4.973 $\ ton is significantly better 
than the Yanmar type machine type Yanmar, 4.973 
$\ton, respectively by an increase 14.6%. The 

reason for this is increasing the Fixed and variable 
cost of the Yanmar type machine which leads to an 
increase of total costs as compared of the machine 
Satake type machine. These results are consistent 
with the results of (Altahan et al., 2011). As 
increasing grain moisture content leads to increase 
of the total costs, the values of total costs were 
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4.574, 5.387and 6.051$\ton, respectively at 
different clearances . This is due to increasing the 
efficiency of the machine has increased by 5-10%, 
which leads to increase the capacity of the 
machine, low productivity, consumption and 
reflected this increase of the total costs. These 
results are consistent with the results the gained 
by (Dehez et al.,2003) . Increase in the clearance 
between cylinders which leads to a decrease in the 
total costs .The values of total costs were 6.218, 
5.408and 4.402 $\ton respectively because the 
exploitation of the machine within the clearance 
required, to obtain a higher rate of perfect 

performance when increasing clearance between 
cylinders, this is consistent with the results 
obtained by (abdulwahab,2012). All the 
interactions are significantly different and the best 
results 3.690 $\ ton have come from the overlap 
among Satake machine, 10%-12% grain moisture 
content and 0.8 mm clearance. The levels of the 
total costs at different conditions are shown in 
Figure 7 for both machine types (Satake and 
Yanmar). 
 

 
Table 3: Effect of machine types , clearance and grain moisture on the total costs $\ ton 

 

  
Note: L.S.D means Least Significant Difference 

 

  
Figure 7: Effect of clearance and grain moisture on the total costs for two machines 

 
3.4. Fixed costs average 
Table 4 shows the influence of the machine type , 
clearance, and grain moisture on the fixed costs 

average $\ton. The results indicate Satake machine 
was significantly better than the Yanmar machine. 
While the results gained from this process were 
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2.403and 1.754 $\ton for Satake and Yanmar 
machines respectively, causes a decrease in fixed 
and variable costs of the Satake machine as 
compared with the Yanmar machine which 
provides the increase fixed and variable costs 
value leads to increase average fixed costs. These 
results are consistent with the results of (Al sharifi 
et al .,2017). However increasing the clearance 
between cylinders leads to decrease the fixed costs 
average 2.771, 2.090 and 1.375 $\ton at different 
clearance between cylinders . Because of the 
machine that fit the required volume of work, and 
accomplished during short period of time when 
increasing clearance between cylinders, and 
decrease the fixed costs average. These results are 

consistent with the results that gained by 
(Abdulwahab,2012). As increasing the grain 
moisture content leads to increase the fixed costs 
average 1.521, 2.105and 2.610 $\ton at different 

moisture content , because of obstruction of the 
manufacture process and increasing wage of the 
workers leads to increase fixed costs average. 
These results are consistent with results that 
gained by (Al sharifi et al., 2016 b). The levels of 
the fixed costs average at different conditions are 
shown in figure 8 for both machine types ( Satake 
and Yanmar ). 
 

 
Table 4: Effect of machine types , clearance and grain moisture in the fixed costs average $\ Ton 

 

  
Note: L.S.D means Least Significant Difference 

 

  
Figure 8: Effect of clearance and grain moisture on the fixed costs average for two machines. 
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3.5. Variable costs average 
Table 5 indicates that increasing the clearance 
between cylinders leads to decrease the fixed costs 
average were 2.223, 1.672 and 1.095 $\ton at 
different clearances . This is due to the non-use of 
energy available of the machine, due to blockage of 
the cavities of the machine when decreasing 
clearance between cylinders and this leads to 
increase of the costs. These results are consistent 
with the results that gained by (Kinga 2013).The 
Satake machine 1.405 $\ton is significantly better 
than the Yanmar machine 1.921 $\ton . This is 
because of the machine that goes beyond its useful 
life , and thus lower the ideal performance rate and 

increasing of the costs. These results are consistent 
with the results that gained by (Berry et al., 2007).. 
While when increasing the grain moisture content 
leads to increase the variable costs average 1.218, 
1.682 and 2.090 $\ton at different moisture 
content . The increase in moisture content of grain 
leads to the obstruction of the milling process and 
the reason for this low productivity operation of 
the machine and increase machine costs. These 
results are consistent with results that gained by 
(Alsharifi, 2007). The levels of the variable costs 
average at different conditions are shown in figure 
9 for both machine types ( Satake and Yanmar ). 
 

 
Table 5: Effect of machine types , clearance and grain moisture in the variable costs average$\ Ton 

  
Note: L.S.D means Least Significant Difference 

 

  
Figure 9: Effect of clearance and grain moisture on the variable costs average for two machines 
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3.6. Total costs average 
The influence of the type of the machines, 
clearance and grain moisture content on the total 
costs average $ \ton is shown in Table 6. The 
clearance at 0.8mm showed the lowest total cost 
average of 2.469 $\ton while the highest total costs 
average of 4.990 $\tonwas for 0.4mm clearance , 
because the exploitation of the machine within the 
clearance required to obtain a higher performance 
rate of the machine and this leads to increasing 
productivity and decrease of the costs with 
increasing of the clearance between cylinders. This 
is consistent with the results obtained (Al sharifi et 
al., 2016 a). As increasing grain moisture content 
leads to an increase in the total costs average, the 
results were 2.737, 3.784 and 4.697 $\ton at 
different moisture content. This is due to the non-
use of energy available to the entire machine, due 
to blockage of the cavities of the machine when 

increase the moisture content of grain, and thus 
the productivity decreased of the machine and 
reflected so on increase of the costs. These results 
are consistent with the results that gained by 
(Kinga, 2013). And it is also observed that the 
machine type satake is significantly better than the 
machine type Yanmar the results that gained are 
4.321and 3.157 $\ton, respectively by an increase 
36.9%. The reason for this is decrease productivity 
of the machine of type Yanmar which leads to 
increase of total costs average as compared with 
the machine type Satake which provides high 
productivity and decrease of the costs. These 
results consistent with the results that gained by 
(Altahan et al 1990). The levels of the total costs 
average at different conditions are shown in figure 
10 for both machine types ( Satake and Yanmar ). 
 

 
Table 6: Effect of machine types , clearance and grain moisture in the total costs average$\ ton. 
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Figure 10: Effect of clearance and grain moisture on the total costs average for two machines 

 
4. Conclusion 
The Satake type machine is significantly better 
than the Yanmar type machine in all studied 
conditions. The grain moisture content of 10%-
12% was significantly superior to the two levels 
12%-14% and 14%-16%. The 0.8 mm clearance 
between the cylinders was significantly superior to 
the other two clearances of 0.4 and 0.6 mm. The 
results showed better conditions for the overlap 
between the Satake type machine and grain 
moisture content of 10%-12% and also for the 
overlap between the Satake type machine and 0.8 
mm clearance compared to the overlap of the 
Yanmar type machine with other moisture grain 
contents and clearances. The best result was 
obtained by Satake type machine at grain moisture 
content of 10%-12% and 0.8 mm clearance 
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