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ABSTRACT

This research has successfully developed and field-tested an innovative cornmill with 
milling capacity of 260 kg/h.  Majority of the available village-type cornmills have failed 
to meet the minimum product recovery and degerming efficiency of 64 percent and 80 
percent, respectively, as set by the Philippine Agricultural Engineering Standard (PAES). 
This resulted to the production of poor quality corn grits with high postharvest losses.   
The poor quality of corn grits discourages Filipinos who used to eat corn as staple food.  
Facing these challenges, this research aimed to improve the design of village-type cornmill 
to meet the quality standards of PAES. 

Performance tests results revealed that the developed technology is technically and 
financially viable.  It has an output capacity of 240 kg/h, product recovery of 64.2 to 72.3 
percent and degerming efficiency of 81.2 to 91.5 percent. It is capable of producing good 
quality corn grits and can recover highly contaminated corn to safe level fit for human 
consumption.  Estimated operating cost per kg output is Php1.09 with financial internal 
rate of return of 84.7 percent. 

The newly-developed technology provides opportunities in ensuring the availability 
and accessibility of affordable good quality corn grits. This can lead to wider and 
sustainable consumption of corn grits as staple food in the country. 

INTRODUCTION

Corn has been referred to as “the cereal of the future” because of its high nutritional 
value and wide utilization of its products and by-products (Milazzo, 1986).  According to 
the USDA’s Food and Nutrient Database, one cup of cooked white corn has 579 calories, 
13.73 grams of protein, 1.87 grams of fat, 124.18 grams of carbohydrates and 2.5 grams of 
fiber. White corn meal, as it is a starch, has high carbohydrate content with limited protein 
and fat. 

The Philippine government has considered corn as the second most important crop in 
the country due to its impact to the national economy in terms of value of production and 
its potential to absorb employment in the rural community (DA, 2010).   For the last five 
years (2008-2012), the average corn production was pegged at 6.94 million metric tons 
wherein white corn contributed one-third of it (DA-BAS, 2013).

White corn used to dominate corn production in the Philippines, comprising about 
60 to 80 percent of the total corn production.  Over the years, however, more and more 
corn has been used in feed manufacturing, displacing its primary use as human food 
(Mendoza and Rosegrant, 1995).  The relative share of yellow corn, which is used in the 
manufacturing of poultry and livestock feed, was pegged at 65 percent while white corn, 
which is consumed as food, was pegged at 35 percent of domestic corn production of 6.38 
million metric tons in 2010 (DA BAS, 2011).  Such trend is contrary to the total picture of 
national domestic corn consumption in the country two or three decades ago.
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The sharp increase in food prices in the first two quarters of 2008 raised serious 
concerns about the food and nutrition of people around the world, especially the 
Philippines which is one of the largest importers of rice in the world in 2010.  As such, 
the government has aggressively implemented the Food Staple Self Sufficiency Roadmap 
(FSSR) for 2011 to 2016 to ensure the availability, accessibility and affordability of safe 
and nutritious food to everyone at all places and time.  The FSSR defines food security as 
a basic human right and the state is committed to take appropriate actions toward its full 
realization.  

Rice, the major staple food of the Filipinos, is one of the most thinly traded 
agricultural commodities in the world (FAO Stat, 2011). From 2000 to 2008, only five to 
seven percent of the world’s rice production was exported or traded in the international 
market.  Rice is mostly consumed where it is produced. More so, 84 percent of rice export 
is controlled by only five countries, namely: Thailand, Vietnam, Pakistan, India, and the 
US, making rice trade subject to political decisions of a few countries (DA-FSSR, 2011). 
In 2008, world price of rice escalated rapidly due to export bans issued by exporting 
countries and panic-buying activities of importing countries (Braum, 2008).  As such, the 
FSSR advocates the consumption of other major domestic agricultural products like white 
corn, to reduce the pressure of producing more rice in the country and to realize the goal 
of the government of achieving food self-sufficiency that was initially targeted in 2013.  

Based on the supply and utilization of corn in the Philippines for the last five years 
(2006 to 2010), the average consumption of corn as food was 1.67 million metric tons 
(BAS, 2011 and 2008).  From this figure and assuming a per capita consumption of 110 kg/
yr, it is estimated that about 15 to 17 percent of the total population or roughly about 14 
million Filipinos have consumed corn grits as their staple food.

According to the report of DA Rice Program (2011), many Filipinos from the Visayas 
and Mindanao regions particularly those who migrated to Metro Manila have shifted to 
rice as their staple food. This is primarily because of the unpopularity of white corn grits in 
Metro Manila because of its high price in the market and poor quality or palatability. The 
UNDP (2003) recorded that the per capita consumption of corn in 1980 was 20.80 kg/yr 
as compared to the 18.56 kg/yr in 2000.  In 2010, the per capita consumption of corn was 
estimated by BAS at 16.17 kg/yr.  The UNDP (2003) report also highlighted that 20 percent 
of the total population preferred white corn as their major staple food.  It is evident from 
these data that there is a downward trend of the per capita consumption of corn for the 
last two decades.

The poor quality of corn grits and the lack of available cornmill in the countryside 
have contributed to the diminishing consumption of corn grits in the country (DA Corn 
Program, 2012).  There were initial efforts on the part of the local manufacturers to satisfy 
the milling requirements in the countryside with the fabrication of village-type cornmills.  
However, based on the result of the performance tests conducted by the Agricultural 
Machinery Testing and Evaluation Center (AMTEC), these machines have failed to meet 
the minimum standard for cornmill particularly the minimum degerminator efficiency 
and the main product recovery of 80 percent and 64 percent, respectively, as prescribed 
in the Philippine Agricultural Engineering Standard (PAES 210:2000).   Low degerminator 
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efficiency indicates that the cornmill has been producing poor quality corn grits given the 
high presence of pericarp, tip cap and germ in the product while a low product recovery of 
corn grits indicates the incidence of high postharvest losses during milling operation.

The inefficiency of available cornmills in the country can be easily detected through 
the milling fee scheme practiced by cornmill operators all throughout the country.   They 
charged milling fee based on the total weight of input (corn grain) and not on the total 
weight of the output of cornmill.  This is contrary to the scheme implemented by the rice 
milling industry wherein the milling fee is based on the output of the rice mill and not on 
the total weight of input (the total weight of paddy being milled).  The milling fee being 
charged by corn millers in Visayas and Mindanao ranges from Php2.25 to 3.00/kg (input 
basis)  and this is equivalent to Php3.50 to 4.70/kg based on output, and the milling fee is 
actually higher if the milling fee shall be based on output since majority of the cornmills 
available in the country are capable of producing only a milling recovery of less than 64 
percent. Note that the milling fee being charged by rice millers in Luzon, Visayas and 
Mindanao only ranges from Php1.75 to 2.25 per kilogram.  As such, the corn traders either 
buy white corn from the farmers at low price or sell corn grits to the consumers at high 
price to recover the losses during milling. 

Facing the many challenges in the current designs of cornmills, it is imperative 
to develop a new corn mill that satisfies the product recovery of 64 percent and 
degerminator efficiency of 80 percent as set by PAES. This to ensures the availability and 
accessibility of affordable good quality corn grits, thereby, inducing wider and sustainable 
consumption of corn grits as staple food in the country. 

OBJECTIVES
General: 
 The project aimed to develop an improved village-type cornmill. 

Specific:
1. Establish parameters in coming up with an improved design; 
2. Design and fabricate the prototype of the new model; 
3. Examine the technical performance of the prototype village cornmill; and,
4. Determine the economic viability of the cornmill. 
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REVIEW OF LITERATURE

Quality Standards for Cornmill

The Agricultural Machinery Testing and Evaluation Center (AMTEC) released the 
Philippine Agricultural Engineering Standard for Cornmill, otherwise known as PAES 
210:2000.  This standard has been technically formulated in accordance with PNS 01: 
Part 4:1998 – Rules for the Structure and Drafting of Philippine National Standard.  The 
performance criteria for cornmill are summarized in Table 1.  

Table 1. Performance criteria for cornmill  

* Allowable noise level for six (6) hours of continuous exposure based on Occupational Safety and Health Standards, 
Ministry of Labor, Philippines. 1983.

Among the quality parameters, the cornmill shall satisfy both the minimum main 
product recovery of 64 percent and the degerminator efficiency of 80 percent.  Main 
Product Recovery is defined as ratio of the weight of corn grits to the total weight of corn 
kernel input while the Degerminator Efficiency is the ratio of the weight of degerminated 
corn kernel sample to the initial weight of the sample, both expressed in percent. This 
means that for every 100 grams of white corn grain input, the total minimum output of 
corn grit products (Grits #10, #12, #14, #16, #18) to be able to satisfy the quality standard 
should be 64 grams and the degerminated corn kernels should not be less than 80 grams.

Methods of Tests for Cornmill Machine

The Philippine Agricultural Engineering Standard clearly specifies the method of 
test and inspection for corn mill known as PAES 211:2000 to: (1) verify the mechanism, 
main dimensions, materials, accessories of the corn mill and the list of specifications; (2) 
determine the performance of the machine; evaluate the ease of handling and safety 

CRITERIA PERFORMANCE DATA

Main Product Recovery, percent minimum of the input 
product

Grit # 10
Grit # 12
Grit # 14
Grit # 16
Grit # 18

28
21
7
6
2

Main Product, percent, minimum 64
By Product, percent, minimum 31
Losses, percent, maximum 5
Grits of other sizes, percent, maximum 7
Degerminator Efficiency, percent, minimum 80
Noise Level, [db (A)], maximum 92*
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features; (3) analyze the main products and by-products of corn milling through laboratory 
analysis; and (4) report the results of the tests.

AMTEC Test Results of Village-Type Cornmill

Per report acquired from AMTEC (2011), four local manufacturers submitted their 
respective village cornmill machine for testing and evaluation.  Based on the performance 
test results (Table 2), all cornmill machines failed to satisfy both the minimum main 
product recovery of 64 percent and degerminator efficiency of 80 percent. As shown in 
Table 1, one machine fully satisfied the degerminator efficiency with 100 percent but have 
very poor product recovery of only 39 percent.  Two machines have satisfied the main 
product recovery but failed to satisfy the minimum degerminator efficiency of 80 percent.  

Table 2.  Performance test results of cornmills conducted by AMTEC  

* Below the minimum standard set by PAES

All of these AMTEC-tested cornmill machines have featured two-stage milling using 
the same or different milling mechanisms, (i.e., steel huller, emery stone, attrition mill and 
steel roller).

Corn Milling Principle

The corn kernels are made up of three principal parts: pericarp (also referred to as hull 
or bran), germ, and endosperm. Corn milling machines are used to separate the pericarp 
and germ from the endosperm and to reduce its size to fit human consumption.  In dry 
milling process, the steeping step is omitted, although the corn is tempered in water to 
permit the moisture content of the corn to increase, before being introduced to the mill. 
In wet milling process, the corn kernel is steeped in an aqueous solution so the various 
parts-bran, endosperm and germ-may absorb sufficient water to be milled. 

The objective of the dry-milling process is to separate these components with 
maximum yield and purity of prime products, using a minimum amount of energy. Details 
on the dry-milling process can be found in Brekke et al (1971), Peplinski et al (1989, 1984, 
1983), Tubon (1980), and Muller (1988).  

Performance
 Parameter Cornmill A Cornmill B Cornmill C Cornmill D

Output Capacity, kg/hr 128.8 52.0 88.2 97.5
Milling Capacity, kg/hr 200 125.6 120.0 161.3

Main Product Recovery, % 64.4 39.4* 73.5 60.5*

Degerminator Efficiency, % 76.7* 100 45.6* 44.0*

Power/fuel Consumption 3.06 kW 1.32 L/H 
diesel 2.52 kW 1.55 L/h 

diesel
Labor requirement, persons 2 3 2 2
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Muller, H.G. (1988) summarized the process flow of corn milling in an industrial scale.  
The corn grain is first cleaned carefully by sieving and scouring.  It is then tempered by 
adding water to 20 to 25 percent moisture and holding the grain in bins for up to six hours 
to equilibrate.  It is then passed to a mill that separates hulls and germs and leaves large 
grits of endosperm.  These are then dried to 15 to 18 percent moisture and repeatedly 
milled and sieved until the desired options have been obtained.  The summary of the 
process is illustrated in Figure 1.

Figure 1. Process flow of corn milling

Tubon (1980) explained the process of cornmills installed at the former National 
Grains Authority, now the National Food Authority as illustrated in Figure 2.  Dried and 
uncleaned corn grain is temporarily stored in a receiving bin/hopper.  From the bin, the 
grain will flow by gravity down to an elevator boot.  Grain is conveyed by the elevator 
to the pre-cleaner where impurities are separated and collected underneath.  A suction 
blower duct is connected to the pre-cleaner to control the free movement of dust within 
the plant.  From the pre-cleaner, the cleaned grain is then conveyed through an elevator 
to another bin for steeping or moistening in order to facilitate dehulling and degerming 
of grain.  Steeped grain is then fed to the degerminator by a screw conveyor where the 
germs of the grains are removed.  Both degermed kernels and the germs gravitate to a 
sifter where the two products would be segregated.  The germ is collected by another 
suction blower duct that is connected to another cyclone.  Smaller by-products than 
the germ are collected beneath the sifter.  Degermed kernels are again carried over by 
another elevator through a bin and fed to the steel roller or set of rollers in series thereby 
breaking the grains into corn grits.  The clearance between the steel rollers determines 
the degree of fineness of the grits.  In a more ideal application, series of steel rollers are 
installed to gradually reduce the size of the ground kernels with lesser damage.  Corn 
products and by-products are all sorted and separated in a sifter with a total of five 
trays that individually separates the various sizes of the main products and by-products.  
The bran is collected into a cyclone.  The then NGA cornmills in Cebu recorded product 
recoveries of 61.2 to 71.3 percent with by-product recoveries of 26.0 to 32.9 percent.  
Losses are estimated at 0.20 to 7.1 percent.

Corn Grain

Water

Water

Brans and 
Germs

Grits and Meal

Cleaning

Tempering

Degerming

Drying

Gradual Reductions 
and Sieving
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Figure 2. Process flow of cornmill plant of the then National Grains Authority, NFA

PARTS NOMENCLATURE

1 | Receiving Bin
2 | Elevator
3 | Hopper
4 | Pre-cleaner
5 | Elavator 
6 | Aspirator
7 | Steeping Tank

8   | Screw Conveyor
9   | Degerminator
10 | Sifter
11 | Elavator
12 | Hopper
13 | Roller Mills
14 | Sifter

15 | Cyclones
16 | Elevator
17 | Aspirator
18 | Bagging Bin
19 | Scale 

1

2 5 11 16

4

3 7

6

8

9

10

12

13

14

18

15 17

19
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CONCEPTUAL FRAMEWORK

The conceptual framework of the project is illustrated in Figure 3 following the 
traditional input-process-output model approach.  The low consumption of corn grits 
in the country is caused by the poor quality of available corn grits due to the limited 
number and the inefficiency of existing cornmills.  On the other hand, the lack of supply 
of corn grits in the market can be attributed to the high postharvest losses and the poor 
performance of existing cornmills.  Majority of existing cornmills, whether large or village 
type, have not fully satisfied the technical specifications set by the Philippine Agricultural 
Engineering Standard (PAES) wherein the main product recovery and degerming efficiency 
of any cornmill should not be less than 64 percent and 80 percent, respectively. 

Figure 3. Project conceptual framework

As an input to the problem, the ideal approach is to evaluate the causes of the 
technical inefficiency of existing cornmills.  The intensive analysis on the engineering 
design of the existing cornmills including the materials used shall serve as primary basis in 
improving the design.  As such, the output of this research is a village-type corn mill that 
conforms to the technical specifications of PAES and ensures the economic viability of the 
technology.  It is expected that the widespread utilization of technically and economically 
viable cornmill will contribute in providing good quality corn grits in the market, thus, 
inducing the consumption of corn grits among Filipinos.   

PROBLEM

Potential
Approach

Improvement of 
existing corn mill 

design

Development of 
existing corn mill 

design

Limited number 
of corn mill in 
the country

Low 
consumption 

of corn grits as 
food 

Limited supply 
of corn grits in 

the area

Low product 
recovery/High 

postharvest 
losses

High cost of 
milling fee

Low degerming 
efficiency or 
poor product 

quality

Low 
peformance of 
existing village-
type corn mill

Technically and 
economically 

feasible village-
type corn mill

Higher product 
recovery and 
good quality 

corn grits

Additional corn 
supply and 

income of corn 
farmers

R&D
Intervention

Outcome

Effect

INPUT PROCESS OUTPUT
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METHODOLOGY

The major activities of this project are summarized in Figure 4. 

Experimental Example 

White corn samples were procured during peak harvest season to come up with one 
lot of sample used during the testing and evaluation of both the commercially available 
village-type corn mills in the country and the improved compact corn mill developed in 
the project. 

Evaluation of the Performance of Existing White Cornmills 

Existing cornmills specifically designed for white corn were identified for 
characterization and performance evaluation.  The results of the performance evaluations 
conducted by AMTEC on these existing cornmills were used as reference during the 
evaluation.  The parameters used during the performance evaluation were the following:  
output capacity (kg/h), milling capacity (kg/h), main product recovery (%), power/fuel 
consumption, labor requirements (person) and degerminator efficiency (%).  The different 
components of each unit were evaluated based on the functionality of their design to 
better understand the different features of the machines particularly its degerming and 
milling mechanisms.

  
  Figure 4. Flow diagram of research activities

START

END

Procurement of 
Corn Samples

Evaluation of Existing 
Cornmills

Laboratory Trials

Field Trials

Design of New 
Cornmill for 
Whitecorn

Laboratory Analysis 
Sample

Modification/
Finalization of 

Prototype Design

Fabrication of a 
Prototype Cornmill 

Machine
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Design of Improved Cornmill

The distinct features of the different components of existing cornmill designs/models 
served as basis in the design and development of the new model.   The engineering 
requirements of each cornmill component, (i.e., degermer, hammer mill, and grader) were 
established and calculated with respect to the technical and economic viability of the 
village type cornmill.  

The major components of the cornmill were drawn through AutoCAD.  The AutoCAD 
drawings have served as reference in the fabrication of the prototype unit and to clearly 
visualize the overall design of each component in three dimensional perspectives. 
After completing the design and AutoCAD drawing of each component, these were all 
integrated into one cornmill machine incorporating the frame, electric motors, and other 
parts of the machine.

Fabrication of Prototype Unit

Laboratory scale models of the three major components of the cornmill, namely:      
(1) Degermer Assembly (Figure 5); (2) Mill Assembly (Figure 5); and, (3) Sorter Assembly 
(Figure 6), were all separately fabricated in the Fabrication Shop of PHilMech.  The 
purpose of individually fabricating the laboratory scale model of each component of the 
cornmill is to simply determine the technical performance of each component and to 
easily detect and isolate the technical problems associated therein. 

Figure 5. Laboratory model of                   Figure 6. Laboratory model of 
 Degermer and Milling                rotary sorter assembly
 Assemblies
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Once the target performance of the individual components was achieved, the cormill 
as one machine was fabricated at the PHilMech Fabrication Shop.  The actual picture of 
the first prototype unit is shown in Figure 7.

  Figure 7. The  first prototype unit of the developed 
     cornmill technology

Laboratory Trial

Laboratory performance evaluators of the new machine and/or for each component 
were conducted following PAES 211:2000.   Before the laboratory testing, corn grain 
samples were subjected to physical analysis to determine the initial physical condition of 
the corn grains.  As set by PAES, three samples weighing 100 grams each were collected 
from the outlets of the different components of cornmill (degerminator, rotary mill, and 
sorter) for laboratory analysis. 

The cornmill was also subjected to test its capability to reduce aflatoxin content of 
corn.  PHilMech study revealed the high incidence of aflatoxin contamination of majority 
of collected samples in the field (Esteves et, al, 2008). As such, it cannot be avoided 
that the corn farmers stocks especially their harvest during the wet season are also 
contaminated with aflatoxin with level higher than 20 ppb.  The aflatoxin analysis was 
undertaken by the Laboratory Services Division of PHilMech using the High Performance 
Liquid Chromatography (HPLC).  

Field Trial

Once the desired performance of the machine was achieved, the first prototype unit 
was brought to Cataingan, Masbate for field testing (Figure 8).  The field testing aimed to 
evaluate the performance, ease of handling, safety features, and the general acceptability 
of the technology under actual field condition.
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 Figure 8. Field testing of the developed cornmill 
   in Cataingan, Masbate

The technical parameters in the evaluation of cornmill during field testing were as 
follows: output capacity (kg/h), milling capacity (kg/h), main product recovery (%), power 
consumption, labor requirements (person) and degerminator efficiency (%). 

Economic Analysis

Based on the data gathered from the laboratory and field trials, the economic viability 
of the cornmill was analyzed.  The total operating cost of the cornmill per kilogram output, 
the payback period as well as its financial internal rate of return (FIRR) were estimated.

Experimental Design and Statistical Analysis

The performance of the developed machine, i.e., output capacity (kg/hr), milling 
capacity (kg/hr), main product recovery (%), power/fuel consumption, labor requirements 
(person) and degerminator efficiency (%) among the different design parameters were 
compared to establish the optimum performance of the developed cornmill.

The data gathered were consolidated and analyzed using Analysis of Variance 
(ANOVA).  Statistical analysis was performed using SPSS software.
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RESULTS AND DISCUSSION
 

Performance Testing of Available Village-type Cornmills

All of the visited and evaluated cornmills, either large or small capacity, have similar 
basic components.  These include the degermer assembly, corn grits milling assembly, 
and the sorter assembly.  For the degermer, they all used emery stone to separate the 
pericarp, germ and tip cap from the endosperm given the abrasive coarse of the emery 
stone.  When the emery stone is rotated and come in contact to the corn grains during 
operation, pressure and friction are simultaneously applied to the corn kernels resulting to 
the peeling of tip cap, germ and hull from the endosperm.   

The evaluated cornmills have used different methods of milling corn grits.  These 
included the utilization of two steel rollers while the other one used steel huller.  For their 
corn grits sorter, however, they all adopted the traditional oscillating type that requires 
huge power requirement to move the heavy mechanisms of the grader.  

Table 3 shows the result of the actual testing of village-type cornmills conducted in 
this project.  To protect the interest of the local manufacturers of these cornmills, the 
brand name of the cornmills were withheld and instead labeled as Cornmills A, B, C, and 
D.  The prescribed method of testing the performance of cornmills by the PAES 211:2000 
was followed, except for the total quantity of samples used and the number of test trials 
conducted.  During the actual testing, the samples used were limited to 5 kg and for one 
trial only due to the limitation of available samples that were brought in the different test 
areas in Luzon, Visayas and Mindanao where these cornmills were located.  For all the test 
trials conducted, the same variety was used and this originated from the same lot.  

Table 3.  Test results of evaluated village-type cornmills

The results of series of performance tests revealed that Cornmill A had produced 
the highest degerminator efficiency of 87.79 percent followed by Cornmill B with 85.70 
percent, wherein both cornmills have passed the set minimum degerminator efficiency of 
80 percent.  However, these cornmills failed to satisfy the prescribed minimum product 
recovery of 64 percent.  They both achieved a main product recovery of only 54.8 percent 
and 24.8 percent, respectively. Test results revealed that Cornmills A and B produced 
good quality corn grits but had high postharvest losses.  On the other hand, performance 
test results revealed that Cornmills C and D were capable of producing higher product 

Type of
Cornmill

Input 
Cap. (kg/h)

Output
Cap. 

(kg/h)

Main Product
Recovery (%)

Degerminator
Efficiency (%)

Labor 
Reqt.

Power/
Fuel

Consumption

A 109.70 29.71 54.80 87.79 1-2 1 L/H Diesel

B 121.75 13.06 24.80 85.70 1-2 3.06 kw/hr

C 65.06 14.55 64.70 50.65 1-2 1 L/H Diesel

D 69.88 14.51 67.80 56.22 1-2 1 L/H Diesel
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recovery but failed to produce good quality corn grits given their degerminator efficiency 
of only 50.65 percent and 56.22 percent, respectively.  It was evident from these results 
that there is always a trade-off in satisfying the technical quality standard on cornmill. 
That is, the production of good quality corn grits will result to high quantitative losses. The 
aim to produce high corn grits recovery could sacrifice the quality of corn grits.

In order to estimate the economic viability of tested cornmills, the result of the 
performance test of Cornmill A was used in the analysis, being the unit with the best 
performance.  While Cornmill A has an input capacity of 109.7 kg/h, its output capacity 
however was only 29.71 kg/h, indicating that the production of the required corn grit sizes 
of Nos. 10 to 18 were not met. This necessitated the milled corn grits to be reverted back 
to the milling process so that the corn kernels will be grinded further until the desired 
corn grits sizes were achieved.  Based on this account and assuming that the cornmill 
shall cost Php200,000/unit with a lifespan of 10 years and to be used for a total of 960 
hours per year, the total operating cost (fixed and variable costs) is estimated at Php6.07 
per kg output which is too expensive for a cost of milling.  Current milling fee in Visayas 
and Mindanao ranges from Php2.25 to 3.00 per kilogram of corn grain (input).  The result 
suggests that this type of cornmill is not technically and financially feasible in the market.

In summary, the general observations concerning the technical and economic 
performance of the cornmills tested were as follows:  (1) difficulty to start the engine of 
the machine especially if the major components of the cornmill were already engaged to 
the prime mover; (2) low output capacity of the cornmills; (3) poor quality of corngrits; 
(4) high power requirement per kilogram output of the machine that results to high 
operating cost per kilogram output; and, (5) frequent bogging down of the cornmill during 
operation.

Design and Development

To address the above technical issues concerning the operation of existing village-
type cornmills, the following were fully considered in coming up with a new design:                  
(1) utilization of electric motor to address the difficulty of starting the engine; (2) outright 
separation of germ, tip cap and hull from the endosperm during the degerming process to 
improve the quality of corngrits and increase its capacity; (3) adoption of hammer mill’s 
basic design instead of steel roller  or steel huller to minimize the high production of corn 
flour during milling thereby achieving higher product recovery; (4) development of new 
type of sorter instead of heavily relying on the design of traditional oscillating-type to 
reduce power requirement of the cornmill machine; and, (5) the installation of an outlet 
after degerming process to easily check the condition of the degermed kernel instead of 
outrightly directing the degermed corn kernels to the hammer mill and grader.

In line with this, the major components of the designed village-type cornmill in this 
project (Figure 9) are as follows:  (1) the degermer assembly, (2) the milling assembly, and 
(3) the rotary sorter assembly.  Likewise, the cornmill is also equipped with the following 
primary component, as follows: (1)  blower for the suction of germ, hull and tip cap from 
the degermer and direct to the cyclone; (2) corn kernel input hopper and the degermed 
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corn input hopper to serve as storage bins of corn kernels and degermed corn before 
flowing to the degermer assembly and rotary blade assembly through gravitational force, 
respectively; (3) the electric motors that serve as the prime-mover of the cornmill: 5-hp 
for the degermer, 4-hp for the blower and rotary mill, and, ¼ hp for the rotary sorter; (4) 
control panel that contains the “on” and “off” push bottom switches of the degermer 
assembly, milling assembly , corn rotary sorter assembly, and the blower including the 
emergency switch for ease of operation and to ensure the safety of the operator.

The major and primary components of the cornmill are lodged in a mainframe with a 
leveler installed at the bottom of the cornmill. 

Figure 9. Design of the Village-Type Cornmill
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Degermer Assembly

As shown in Figure 10, the degermer assembly was designed with the following 
components:  (1) corn kernel input hopper, (2) feeding control device, (3) inlet duct,         
(4) inlet duct sleeve, (5) degerming chamber, (6) dented hexagonal screen huller,  
(7) feeding auger and counter flow auger that are both mounted to the degermer 
horizontal shaft, (8) discharge gate, (9) outlet duct, (10) outlet chute, and  (11) the prime-
mover. 

 Figure 10. Isometric view  of the Degermer Assembly

The primary function of the degermer assembly is to efficiently remove the germ, hull, 
and tip cap from the endosperm of the corn kernel.  As designed, corn kernels shall be 
loaded to the input hopper.  When the feeding control device is opened, corn kernels start 
to fall to the inlet duct, wherein the flow of corn kernels can be regulated by the feeding 
control device.  Corn kernels then enter the dented hexagonal screen huller through 
the aid of the feeding auger, wherein its shaft is connected to an electric motor.  As the 
counter flow auger rotates, the clearance between the counter flow auger and the dented 
hexagonal screen huller has constantly changed, causing corn kernels to experience 
alternate periods of compression and relaxation. This produces efficient rubbing of corn 
grains with each other.  

Likewise, as the corn grains move across the dented hexagonal screen huller, it 
simultaneously tears the tip cap and germ and peels the hull of the corn kernels.  The 
application of force and friction has created rubbing and abrasive actions that removed 
the bran, germ and tip cap from the endosperm or degermed corn. A suction blower with 
a cyclone, both connected to the degerming chamber extracts the bran, germ, and tip 
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cap inside the dented hexagonal screen huller.  A discharge gate is installed at the tail-end 
of the dented hexagonal screen huller to regulate the degree of degerming corn kernels.  
From the degerming chamber, degermed corn kernels then proceed to the outlet duct and 
finally to the outlet chute.  

The degermer of the cornmill is also designed to have an outright discharge outlet for 
the production of degermed corn or cracked corn which is used as feeds for poultry. 

It is noteworthy to mention that during the onset of designing the degermer assembly 
of the cornmill, the process of steeping corn grains before passing through the degerming 
process was fully considered as part of the design of the corn mill system.    After several 
laboratory test trials, however, such plan was not pursued due to the following reasons:  
(1) frequent clogging of wet corn grain in the emery stone during operation; (2) non-
suitability of infested corn grains to steeping since the endosperm  of the corn kernel 
have also absorbed moisture instead of  the original purpose of steeping only the hull of 
the corn kernel to facilitate its removal to the endosperm; and, (3) the susceptibility to 
corrosions of steel materials used in the fabrication of the degermer due to its frequent 
exposure to moisture. 

Milling Assembly

As shown in Figure 11, the milling assembly is composed of the following:                   
(1) degermed corn input hopper,  (2) feeding control device, (3) 68-piece swing-type 
blades fully mounted to the rotary blade shaft, (4) casing, (5) slotted hole perforated 
screen, (6) case cover, and the (7) corn grits outlet chute.  The swing-type blades are made 
from hardened spring plate and each blade is sharpened at both sides.  Likewise, the 
rotating blades are allowed to freely swing, instead of being rigidly attached, to ensure 
that it can absorb shock loads.  

The primary function of the milling assembly, as major component of the cornmill, is 
to break the initial size of degermed corn into small pieces to produce corn grits.  During 
the start of the process, degermed corn kernels shall be loaded to the input hopper.  
When the feeding control device is opened, the degermed corn kernels start to fall to the 
rotating blades. The process involves the simultaneous cutting of degermed corn kernels 
into small pieces while the rest are further blown into smaller particles as it impact to the 
front wall casing of the mill assembly. At the bottom surface of the casing is the slotted 
hole perforated screen.
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   Figure 11. Isometric view of the Milling Assembly

Rotary Sorter Assembly
 

As shown in Figure 12, the major components of the rotary sorter assembly are 
as follows: (1) rotary grader shaft; (2) cylindrical screen 1; (3) cylindrical screen 2; (4) 
cylindrical screen 3; (5) outlet 1 for the biggest corn grits sizes; (6) outlet 2 for bigger corn 
grits sizes; (7) outlet 3 for the smallest corn grit sizes; and, (8) outlet 4 for the corn flour.   

 
The primary function of the rotary sorter assembly is to sort the different sizes of corn 

grits and segregate the corn flour from the corn grits. The other purpose of the rotary 
sorter as designed, is to completely detach the hull from the endosperm.  

After milling process, corn grits of different sizes including the corn flour directly fall 
to cylindrical screen 1. From here, corn grits with size greater than the slot width of the 
screen have descended gradually to outlet 1 while those corn grits including the corn flour 
have passed through the holes of cylindrical screen 1 and enter cylindrical screen 2.  From 
cylindrical screen 2, corn grits with size greater than the slot width of cylindrical screen 2 
have descended gradually to outlet 2 while the corn flour and those corn grits with size 
less than the slot width of cylindrical screen 2 have passed through the holes of cylindrical 
screen 2 and enter cylindrical screen 3.  

All the remaining corn grits in cylindrical screen 3 have proceeded to outlet 3 while 
corn flour have passed through the holes of cylindrical screen 3 and directly fall to outlet 
4.   As such, the corn flour passes through cylindrical screen 1, cylindrical screen 2, and 
cylindrical screen 3.  



PHILMECH TECHNICAL BULLETIN NO.10     19

Figure 12. Isometric view of the Rotary Sorter Assembly

The cylindrical screen 1 is made of slotted hole perforated sheet with slot width of 
2 mm.  Cylindrical screen 2 is made of slotted hole perforated sheet with slot width of 
1.44 mm. Cylindrical screen 3 is made of wire mesh no. 18, with 0.85 mm apperture.  The 
cylindrical screens are inclined at 3 degrees and at rotating speed of 30 rpm. 

Performance Evaluation of the Developed Cornmill

During the laboratory testing of the major components of the prototype unit of 
the cornmill, the performances of each component were fully observed and several 
modifications were undertaken until the desired output have been achieved.

Degerming Mechanism

In the initial design, emery stone was used in the degermer assembly (Figure 13a).  
The emery stone was manufactured using eight pieces of grinding stone with 4 inches 
diameter, 1 inch thick and 1 inch bore (coarse number 36) and bind with steel epoxy. The 
utilization of several pieces of grinding stone were pursued in order to replace only the 
dented or damaged part of the emery stone, without necessarily replacing the whole 
component of the emery stone, to reduce the cost of maintenance. 
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However, after the field testing in Cataingan, Masbate, wherein a total of 1,228 kg 
of corn grains were milled, the emery stones were partly torn (Figure 13b).  The result 
suggests that some tiny stone particles were mixed with the corn grits during the milling 
process.  Note that the cornmill does not have de-stoner and in all cases, the farmers have 
dried corn grains under the sun using concrete pavement, mats or other materials.  Thus, 
corn grains are fully exposed to tiny stones during the process of sun drying. As such, 
the degermer assembly was redesigned using a more durable material, a carbon steel 
hexagonal dented screen huller, as its abrasive mechanism with counter flow auger.

Figure 13a. Degermer assembly of the cornmill using emery stone

 Figure 13b. Condition of the emery stone after field testing

The technical performance of the Dented Screen Huller was tested and compared 
with the emery stone in the laboratory.  As shown in Table 4, the performance of Dented 
Screen Huller was significantly more superior than the emery stone in terms of milling 
capacity and output capacity.  While the emery stone could produce higher input capacity 
of 257.55 kg/h than that of Dented Screen Huller at 201.65 kg/h, the latter can provide 
higher output capacity of 149.23 kg/h than the former due to its higher milling recovery of 
80 percent.  The difference in milling recovery reflects the inefficiency of emery stone type 
cornmill.  
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Table 4.  Performance of cornmill using different types of degermer mechanism

Note:
Means having the same super script are not significantly different at 5% level.
1/ After degerming process
2/ After milling and grading processes

Likewise, while the degerminator efficiency of the emery stone is more superior 
right after the degerming process, the Dented Screen Huller can produce better quality 
of corngrits after milling and sorting given its degerminator effeciency of 94.7 percent as 
compared to the emery stone with 91.5 percent.  Note that the final product of the corn 
for food is the corn grits, which is produced right after sorting.  Given the much superior 
performance of the Dented Screen Huller than the emery stone, the former was used in 
the final design of the cornmill.  

It was observed during the series of test trials that the clearance between the rotating 
auger and the hexagonal dented screen huller of the degermer is highly critical on the 
performance of the cornmill taking into full consideration the utilization of a 5-hp electric 
motor, single phase as prime mover of the degermer assembly. Table 5 shows the result 
of the laboratory test trials on the performance of the cornmill with different clearances 
between the rotating auger and the hexagonal dented screen huller of the degermer.  
The results revealed that by limiting the inflow of corn grain inside the degermer from 
444.57 kg/h to only 324 kg/h, the milling recovery and degerminator efficiency of the 
cornmill have significantly improved to 79.25 percent and 82.80 percent, respectively.  The 
results also indicated that having a clearance of 13 mm between the rotating auger and 
the hexagonal screen huller would yield a sub-standard degerminator efficiency of the 
cornmill of only 74.67 percent.  

Milling Performance 
Parameters Emery Stone Dented Screen Huller

Input Cap. (kg/h) 257.55a 201.65a

Output Cap. (kg/h) 85.50a 149.23c

Milling Rec. (%) 71.27a 80.00a

Milling Cap. (kg/h) 119.90a 181.73c

Degerminator Eff. (%)1/ 66.16c 18.48a

Degerminator Eff. (%)2/ 91.45a 94.73a
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Table 5.  Performance of cornmill using different clearance between the auger and the 
dented screen huller

Note: Means having the same super script are not significantly different at 5% level.

Moreover, it was observed that having a clearance of 13 mm between the auger and 
the hexagonal screen huller would result to the over loading of the capacity of the electric 
motor.  The dominant electric reading of the 5-hp electric motor was 32.05 amperes 
which is far above the safe full electrical load of 20.6 amperes for a 5-hp electric motor, 
single phase.   

Based on the results of performance tests, therefore, the utilization of 9 mm clearance 
between the rotating auger and the hexagonal dented screen huller was adopted as part 
of the design of the degermer component of the cornmill given the utilization of a 5-hp 
electric motor as prime mover of the degermer assembly. 

Furthermore, in order to optimize the operation of the cornmill, the rotating auger of 
the degermer assembly which is powered by a 5-hp electric, single-phase, was subjected 
to different shaft speed. Table 6 shows that at the set speed of 1,250 rpm for the rotating 
auger, the cornmill could reach its maximum milling capacity of 366.9 kg/h without 
breaking the electric motor given a dominant electrical load reading of only 16 amperes.  
Likewise, at this speed, the corn mill can achieve the highest output capacity of 308.7 
kg/h.  As such, the results of the test trials revealed that the most appropriate shaft speed 
needed for the rotary auger under the current design of the degermer assembly of the 
cornmill is 1,250 rpm.  

Milling Performance Parameters
Clearance

9 MM 13 MM
Milling Recovery (%) 79.25a 76.95a

Degerminator Efficiency (%) 82.80a 74.67a

Input Capacity (kg/h) 324.90a 444.57b 
Output Capacity (kg/h) 216.16a 237.54a

Milling Capacity (kg/h) 261.00a 290.24a

Current Reading (dominant) 11.21a 32.05b 
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Table 6.  Performance of cornmill using different shaft speed (rpm) of the degermer

Note: Means having the same super script are not significantly different at 5% level.

Milling Mechanism

The milling mechanism of the cornmill is basically a hammer mill type (Figure 14) 
wherein the blades are made of T-shape 2 mm thick and 45 mm wide stainless steel.  The 
blades are sharpened at both sides to cut cracked corn and blown into small particles 
as it impact to the front wall casing of the rotary mill assembly.   The principle of cutting 
instead of grinding is adopted to increase the production of corn grits and minimize the 
production of corn flour, thereby improving the milling recovery of the cornmill.  Note that 
the corn flour is a by-product of corn grits while grits bigger than size No. 10 must revert 
to the rotary mill to reach the prescribed grit size of Nos. 10 -18.  

                     

      Figure 14. Hammer mill assembly of the cornmill

Milling Performance Parameters
Shaft Speed of the Auger (rpm)

600 900 1250 1991
Milling Recovery (%) 79.25 a 78.50 a 79.20 a 74.95 a
Degerminator Efficiency (%) 82.80 a 82.03 b 83.81 c 92.52 d
Input Capacity (kg/h) 324.90 a 398.96 b 449.90 c 481.62 d
Output Capacity (kg/h) 216.16 a 270.14 b 308.71 c 301.54 d
Milling Capacity (kg/h) 261.00 a 324.07 b 366.99 c 375.20 d
Dominant Current Reading (amp) 11.21 a 15.25 b 16.00 c 20.35 d
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To test the performance of the rotary mill using different number of blades with 
3-hp, single phase as the prime mover for the blower and the rotary mill, laboratory trials 
were done. Using the same mill speed of 3,000 rpm and screen slot width of 4mm to all 
test trials, results revealed that the utilization of 68 blades can significantly improve the 
production of corn grits with less corn flour than by using 44 blades (Table 7) and without 
overloading the capacity of the 3-hp electric motor.  The rated capacity of the 3-hp electric 
motor, single-phase, is 16 amperes.    

Table 7. Average grits recovery at various number of blades of the rotary mill

Note: Means having the same super script are not significantly different at 5% level.

In order to verify whether the size of the slot width of the screen can significantly 
affect the performance of the rotary mill, laboratory trials were conducted for this 
purpose.  The results of performance tests (Table 8) revealed that by using a screen with 
sloth width of 2 mm, 20.90 percent of the corn grits were converted into corn flour.   As 
evident, there is an inverse relationship between the size of the slot width and the degree 
of flour produce, that is, as the slot width of the screen increases, the lesser the corn flour 
produced.  It was observed that as the degermed corn kernels were cut and blown into 
smaller particles by the rotary blades, corn grits with size greater than the slot with of the 
screen remain at the top of the screen and as such, expose to further milling by the rotary 
mill.  

Table 8. Average grits recovery at different type of screen used in the rotary mill

Note: Means having the same super script are not significantly different at 5% level.

Sorting Mechanism

The sorter of the developed cornmill (Figure 15) has adopted the principle of the 
design of a mega grader for gravel and sand.  In the design, three layers of rotating 
cylindrical screens were used to efficiently sort corn grits sizes of greater than No. 10, Nos. 
12 to 18 and the corn flour. The cylindrical screens were inclined by 3 degrees to allow the 
grits to freely flow downward during sorting.

Number of Blades Grits Recovery Percent flour
44 84.36a 15.64a

68 91.13b 8.87b

Types of Screen
Grits Recovery (%)

Percent flour 
(%)

Dominant 
Load Ampere 

(A)
Grits greater 
than no. 10

Main Product 
Recovery

2 mm   0.05 a 79.05 a 20.90 a 16.40 a

3 mm 35.38 b 53.07 b 11.55 b 14.43 b

4 mm 45.18 c 45.96 c 8.87 b 16.70 a
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   Figure 15. The grader assembly of the cornmill

As shown in Table 9, the design of the cornmill could sort corn grits with size no. 6 to 
8, 10 to 12, 12 to 18, and the corn flour.  Based on the results of test trials conducted, the 
dominant product of the developed corn mill is grits greater than 10 followed by grits no. 
10 to 12. 

As revealed, only 8.9 percent of the total degermed corn are transformed into 
corn flour indicating that the design of the cornmill’s milling mechanism is efficient in 
producing corn grits with little production  of corn flour, thereby, generating a higher corn 
grits recovery.   

Table 9. Percent composition of corngrits and flour produced by the developed cornmill

Technical Features of the Developed Cornmill

Overall, the improved cornmill (Figure 16) has a milling capacity of 260 kg/h.  
Degerminator efficiency of 82.0 to 94.7 percent and main output product recovery 
of 64.7 to 71.0 percent, respectively, have both fully satisfied the minimum technical 
specifications set by PAES. A 5-hp single-phase electric motor was installed to supply the 
power requirement of the degermer while another 3-hp single phase, electric motor for 
the blower and the mill assembly, and another ¼-hp for the rotary sorter.  

Corn Grits Sizes Composition (%)
Grits Nos. 7, 8 45.2
Grits Nos. 10, 12 37.5
Grits Nos. 14, 16, 18 8.4
Corn flour 8.9
Total 100
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The utilization of electric motors as its prime mover, instead of using gasoline or diesel 
engine that requires heavy force for manual start-up of the engine, was undertaken to 
pave the way for the installation of push-button switches to ease the operation of the 
cornmill.  Majority of the barangays in the remote areas that traditionally consume white 
corn grits as their staple food have ready access to electricity.

              Figure 16. The prototype unit of the developed cornmill

The developed cornmill is capable of producing grits nos. 7-8, nos. 10-12, nos. 14-18,   
corn flour and cracked corn or degermed corn.  

The compact cornmill requires only a small working space.  The designed cornmill 
has a total length of 157 cm, width of 116 cm, height of 192 cm and with a total weight of 
around 530 kg.  The cornmill can be operated by one person.

Aflatoxin Content of Corn Grits After Milling

The developed cornmill was also tested according to its capability to eliminate 
aflatoxin content of damaged corn grains.  It is noteworthy to mention that the same total 
weight of samples (100 grams each) were used for the aflatoxin analysis of corn grain, 
degermed corn grain, grits nos, 10-12, grits nos. 14-18, corn flour, and the by-products.   

Table 10 shows the concentration of aflatoxin content from each major products of 
the corn kernels after passing through the developed cornmill, wherein such result is 
consistent with the study of Wicklow (1999) and Pearson et.al (2001).  Based on the result 
of the aflatoxin analysis, the corn samples used during milling have an initial aflatoxin 
content of 331.5 ppb. Based on industry standard, such level of aflatoxin contamination 
is not fit for human and animal consumption since the acceptable safe limits are 20 ppb 
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and 50 ppb, respectively.  The result of the aflatoxin analysis revealed that once the corn 
grain samples have passed through the degermer of the developed cornmill, the aflatoxin 
content of the degermed corn kernels was reduced to 28.5 ppb which was below the set 
acceptable maximum limit of 50 ppb for animal consumption.  Note that degermed or 
cracked corn is used as feeds for poultry. 

Table 10.  Aflatoxin level (ppb) of corn grain samples and its products and by-products 
after passing through the milling process a/.

a/ Results from the same weight of samples of 100 grams each 
1/ After subjected to degerming process

2/After subjected to degerming, milling and grading processes

Furthermore, as the degermed corn kernels have passed through the milling and 
grading process, the results of the laboratory analysis revealed that the corn grits have 
only an aflatoxin level of 5 ppb and 18.5 ppb for grits Nos. 10-12 and 14 – 18, respectively.  
Such levels of aflatoxin are within the acceptable safe limit of 20 ppb for human 
consumption.   Note however that the level of aflatoxin in the corn flour was found to 
be 49.5 ppb which can be traced to the presence of hull in the corn flour.  As indicated in 
Table 5, some portions of the hull are still intact to the endosperm after the degerming 
process and were only totally detached during the milling and grading processes.   

The result of aflatoxin analysis strongly suggests that damaged corn kernels can still 
be consumed as food or feeds by using the developed cornmill technology. The developed 
cornmill could efficiently recover damaged corn grains that could still serve as additional 
food for the Filipinos.  

Economic Analysis

The technical performance of the developed cornmill machine was analyzed. The 
results of the estimation, as shown in Table 11, revealed that the total cost of milling 
per kilogram output is estimated at Php1.09 which is far below the existing milling fee 
of Php2.25 to Php3.00 per kg of corn grain loaded in the cornmill. It is noteworthy to 
mention that the current scheme used by corn millers in collecting milling fee is based on 
the total weight of corn grain loaded to the cornmill and not based on the corn grits milled 
or output of the cornmill.  The conversion rate of corn grain into corn grits is equal to the 

Average

Corn Grain 331.5
Degermed/Cracked Corn1/ 28.5

By-Product1/

(Hull, Germ, Tip Cap) 640.0

Grits no. 10 & 122/ 5.0

Grits No. 14, 16 and 182/ 18.5
Corn Flour2/ 49.5
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milling recovery of the corn mill which is equal to 64 percent as set by PAES.  Therefore, 
the current milling fee of Php2.25 to 3.00/kg (input basis) is actually equal to Php3.50 to 
4.70/kg of the milling fee based on the output or milling recovery of the cornmill.   The 
milling fee currently being charged by the rice millers is only Php1.75 to 2.50/kg (output 
basis). 

Table 11. Annual operating cost per kg output of the cornmill1/, in peso per year

1/Assumptions used in the computation:

Input Capacity:  300 kg/h                 Output Capacity: 192kg/h  
Operating time per yr: 792 h                 Days of operation per yr:  198 d (4hr/day) 
Total capacity per yr: 152,064 kg           Investment cost: Php350,000
Power requirement: 6.6 kw/h                     Lifespan of cornmill:  10 yr  
Depreciation cost:  10% of investment           Repairs and maintenance:  5% of investment cost 

Profit = milling fee of Php2.25/kg - Total operating cost 

Even using a milling fee of Php2.00/kg (output basis), the estimated profit is about 
Php0.91/kg (the difference between the estimated milling cost per kg output as shown 
in Table 6 and the assumed milling fee of Php2.00/kg).  This is equivalent to total annual 
income of Php138,378 for a total annual capacity of the cornmill of 152,064 kg.  From this, 
the estimated payback period is 2.54 years.  The financial internal rate of return (FIRR) is 
estimated at 84.70 percent which is greater than the current commercial bank interest 
rate of eight percent or 16 percent for loan with collateral and no collateral, respectively.

Particulars Amount

I. Fixed Cost   43,750
   Depreciation Cost   26,250
   Repairs and Maintenance   17,500
II. Variable Cost per Year 122,681
   Electricity    73,181
   Labor   49,500
III. Total Cost per Year 166,431
Total milling cost per kilogram output    1.09
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CONCLUSION AND RECOMMENDATIONS

Based on the laboratory and field trials, this research has successfully developed an 
innovative compact cornmill with milling capacity of 260 kg/h.  The cornmill has an output 
capacity of 240 kg/h with product recovery of 64.7 to 72.3 percent.  The degerming 
efficiency of the cornmill is high at 81.2 to 94.7 percent.  The test results revealed that 
the technical specifications of the cornmill have fully satisfied the Philippine Agricultural 
Engineering Standard (PAES) for cornmill in terms of the minimum product recovery of 64 
percent and degerming efficiency of 80 percent.

The newly developed village-type cornmill technology features a degerming 
mechanism using a hexagonal dented screen huller with counter flow auger and an 
innovative grading mechanism by introducing a three-layer rotary slotted hole perforated 
sheet cylinder. Both of these new designs are not found in any village  type cornmill in 
the Philippines.  This research has likewise improved the design of hammer mill using 68 
blades that is made of flat steel bars, sharpened at both sides to efficiently mill cracked 
corn into corn grits. But most importantly, the newly developed cornmill technology 
has the capability to transform reject corn grains into safe corn grits that were initially 
contaminated with aflatoxin through its efficient degerming, milling and grading 
mechanisms. This could help in reducing postharvest losses and provide additional corn 
grits supply to the country.  The machine is user-friendly with the installation of push-
button switches in the electric control panel of the cornmill.  

The efficiency of the developed technology can be easily detected to the cost of 
milling per kilogram output, which is estimated at Php1.09/kg only.  Prevailing milling fee 
in the country ranges from Php3.50 to 4.70/kg (output basis). The massive diffusion of the 
technology will hopefully reduce the prevailing milling fee in the countryside.  

The result of economic analysis revealed that the technology is economically viable 
given a financial internal rate of return (FIRR) of 84.7 percent and payback period of 2.5 
years.  

Given the technical and economic feasibility of the cornmill, the aggressive 
commercialization of the newly developed technology is imperative.  This is to minimize 
postharvest losses incurred by inefficient available village-type cornmills that failed to pass 
the PAES standard.  

Facing the many challenges in the country’s agriculture, the newly-developed 
technology can provide solutions and opportunities in ensuring the availability and 
accessibility of affordable good quality corn grits. This can lead to the wider and 
sustainable consumption of corn grits as staple food in the country. 
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About PHilMech

The Philippine Center for Postharvest Development 
and Mechanization, known then as the National 

Postharvest Institute for Research 
and Extension (NAPHIRE), was created on May 24,1978 

through Presidential Decree 1380  to spearhead the 
development of the country’s postharvest industry. 

As a subsidiary of the National Grains Authority 
in 1980, the agency’s powers and functions 
were expanded in line with the conversion 

of NGA to the National Food Authority.

In 1986, PHilMech moved to its new home at the 
Central Luzon State University compound 

in Muñoz, Nueva Ecija. 

The agency was transformed from a government 
corporation into a regular agency 

through Executive Order 494 in 1992. It was renamed 
the Bureau of Postharvest 

Research and Extension (BPRE). 

For years now, PHilMech is engaged in both postharvest 
research, development and extension activities. It has 

so far developed, 
extended and commercialized its research and 

development outputs to various 
stakeholders in the industry.

With Republic Act 8435 or Agriculture and Fishery 
Modernization Act (AFMA) of 1997, PHilMech takes 

the lead in providing more postharvest interventions to 
empower the agriculture, 

fishery and livestock sectors.

Pursuant to Executive Order 366 or the government’s 
rationalization program in November 2009, BPRE 

became the Philippine Center 
for Postharvest Development and Mechanization 

(PHilMech) with twin mandates of postharvest 
development and mechanization. 

For more information, please contact:

Director IV
Philippine Center for Postharvest 
Development and Mechanization 
CLSU Compound, Science City 
of Muñoz, Nueva Ecija
Tel. Nos.: (044) 456-0213; 0290; 0282; 0287
Fax No.: (044) 456-0110
Website: www.philmech.gov.ph

PHilMech Liaison Office
3rd Floor, ATI Building
Elliptical Road, Diliman, Quezon City
Tel. Nos.: (02) 927-4019; 4029
Fax No.: (02) 926-8159


