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Abstract 
There are different types of losses in grains during their storage periods. These include; 

weight loss, quality loss, colouration loss, compositional loss, value loss, and other 

losses. The objective of this research is to describe a new method for the assessment of 

weight loss of stored grain in metal silos using computer-aided management. 

Questionnaires were administered to grain managers and merchants to obtain primary 

data on the status of weight loss in grain during storage. Data obtained were used to 

design computer software for grain stock management (GSM). This was validated at a 

national metal silo complex. Storage parameters used for grain reception were; moisture 

content of ≤ 12%), hectolitre weight, 65–75Kg/Hl, insect damage, ≤ 1%), mould damage 

of ≤ 1%), and foreign matter content ≤ 1%). Daily temperature and moisture content of 

stored grains were obtained and computed as determinants of aeration. Storage activities 

were classified into modules having grain supply, sampling, loading, stock management, 

aeration, pest management, and equipment maintenance. The modules were coded in Pre 

– processor Hypertext higher programming language using Dreamweaver platform and 

Structural Query language as database management system. Storage parameters for 

different grains and cereals were subjected to statistical analysis and there was a 

significant difference (p < 0.05) between the values obtained from the package and the 

manually computed values. Weight loss was reduced from >5% - < 2%, moulded grain 

from 6.35% to 1%, handling time was reduced by 66%. Application of the developed 

computer software to grain storage management would allow access to information by 

all users, and advise when appropriate 

1. Introduction 

Post-harvest losses account for 20-40% of domestic grain production in Nigeria which 

could be attributed to inappropriate storage equipment, method of storage, poor 

application of chemicals and poor management after harvesting [1]. Nigeria has huge 

agricultural potential. It has 84 million ha of arable land of which only 40% is cultivated, 

it has 279 billion cubic meters of water, with a population of 167 million people being 

the most populous country in Africa. According to the International Food Policy 

Research Institute, the value of agriculture in Nigeria at constant 2010 dollars was 99 

billion dollars and this is projected to grow to 256 billion dollars by 2030 [2]. Food and 

Agricultural sector continues to have low percentage annual growth rate of about 1.5% 

and relative annual growth rate of negative to 1%. It has been reported that the Nigeria  
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Agriculture suffers losses as much as 50% for vegetables, 

30% for roots, and 20% for grains [3]. Most of the weight 

loss during drying is water; a small portion is dry matter. 

This loss is often called ‘invisible shrink’ but we prefer to 

call it ‘handling loss.’ Some of the handling loss is due to 

loss of volatile compounds such as oils, mechanical losses 

from broken kernels and foreign material, and possibly 

also due to respiration of the seed itself. One of the 

expenses involved in mechanically drying grain is the 

“cost” of the weight loss that occurs during the drying 

process. Handling loss will normally be far less than that 

due to water. The actual amount of handling loss will 

depend on the initial physical quality of the crop and the 

method of drying [4]. 

Losses are measurable decrease of the food materials, 

which may be qualitative or quantitative. Losses can occur 

at several stages of the post-harvest chain, including 

threshing, storage, transport, milling, wholesale and retail 

distribution. In order to decide whether it is worth taking 

action over losses of any sort, one should obtain 

information on losses at all these stages. There has been a 

tendency to overestimate storage losses, and to base 

estimates on extreme cases or guess-work rather than on 

sound empirical testing. Figures of 30 percent or more are 

common suggestions [5]. By contrast, the results of detailed 

field studies suggested that under traditional storage 

systems in tropical countries, losses are typically around 

5% over a storage season [6] depending upon the type of 

crop, the ambient conditions, the period of storage and 

other factors. Somewhat higher levels have been 

encountered in the wetter parts of West Africa and Central 

America. Weather and temperature fluctuations can have 

significant impacts on food losses, but mechanization and 

climate-control technologies can reduce these losses. 

Mechanization of the harvesting and food storage process 

can improve efficiency, reducing losses [7]. 

5% loss level should not however be considered 

insignificant. Firstly, it should be noted that physical 

losses are usually accompanied by qualitative losses 

affecting the mass of the grain in store. Secondly the 

losses are mainly experienced during the lean season 

before the new harvest is ripe, thereby having an adverse 

effect on the food security of farming families at a critical 

period. It has been reported that about 1.3 billion tons of 

food are globally wasted or lost per year [4]. Reduction in 

these losses would increase the amount of food available 

for human consumption and enhance global food security, 

a growing concern with rising food prices due to growing 

consumer demand, increasing demand for bio-fuel and 

other industrial uses, and increased weather variability [8, 

9]. A reduction in food loss improves food security by 

increasing the real income for all the consumers, crop 

production contributes significant proportion to typical 

incomes in certain regions of the world (70% in Sub-

Saharan Africa) and reducing food loss can directly 

increase the real incomes of the producers [10]. 

A study [11] reported that current agricultural practices use 

4931 million hectares of the total 14,894 Million hectares of 

land surface on the earth. In addition, agricultural production 

uses 2.5 Trillion m
3
 of water per year and over 3% of the 

total global energy consumption, and with estimated food 

losses of about 30-50% of total production. This translated to 

wasting 1.47-1.96 Gha of arable land, 0.75-1.25 Trillion m
3
 

of water and 1% to 1.5% of global energy. Food losses can 

be quantitative as measured by decreased weight or volume, 

or can be qualitative, such as reduced nutrient value and 

unwanted changes to taste, color, texture, or cosmetic 

features of food [12]. 

The predominance and importance of grains in Nigeria in 

terms of seasonal production, production potential and 

consumption demands make storage an imperative task for 

all. Losses are assessed to provide information on the likely 

causes, magnitude and nature of loss. This will help to know 

necessary reduction or prevention mechanism. Loss 

assessment will provide us reliable data for national and 

economic developmental goals. A developed food pipeline 

[13] indicated that losses can occur at any point in the post- 

harvest system; from production (farm level), storage, 

processing, marketing, distribution and consumption through 

harvesting, drying, cleaning, transportation, theft and insect 

infestation. Losses are assessed to provide information on the 

likely causes, magnitude and nature of loss. Figure 1 is a 

typical grain pipeline. 

 

Figure 1. Grain pipeline [13]. 

Food losses in the low-income countries mainly occur in 

the early and middle stages of the food supply chains with 

proportionally less amounts wasted at the consumer level. 

Food losses in these countries are attributed to premature 

harvesting, poor storage facilities, lack of infrastructure, lack 

of processing facilities, and inadequate market facilities [14]. 

Figure 2 reflected these variations. 
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Figure 2. Food losses vary by the stage of supply chain across countries [14]. 

1.1. Weight Loss 

The ripe grain including rice, maize and soya, continues to 

live after the harvest; oxygen is taken up during this chemical 

process and the carbohydrates are degraded into carbon 

dioxide, water and heat. Loss of dry substances and 

consequent loss in weight are incurred. Heat generation and 

thus respiration intensity depends on the moisture content of 

the stored grain and its temperature. The heat development is 

a function of the grain moisture content (13%-30%) and the 

temperature. The influence of cooling on the loss of dry 

substances (loss of weight) in relation to a stored quantity of 

1,000tons of grain having moisture of above 35°C 

temperature, after one month of storage, amounted to 

approximately 5.4tons. When grain is stored moist, these 

losses are many times greater. If the storage temperature is 

reduced to approximately +10°C, the losses in the example 

mentioned above decreased to about 0.2ton. This shows that, 

cold storage of grain reduces dry substance losses by about 

80-90% [1, 15]. In developing countries, such as Nigeria 

where the supply chain is less mechanized, larger weight 

losses are incurred during drying, storage, processing and in 

transportation [12] (see Figure 3). 

 

Figure 3. Traditional versus mechanized Post-harvest chain [14]. 

1.2. Loss Due to Metabolic Activities 

Reduction in weight is obvious but it does not necessarily 

indicate loss- it may be due to reduce moisture content and 

this is often recognized in commerce by a shrinkage factor.. 

Respiration in dry grain is extremely low and so loss in 

weight due to metabolic activities is very low. For example, 

maize at 13% moisture content stored at 23°C temperature 

loses 0.0675% dry matter in 100 days. Applying this to 1,000 

tons for 2 years, for example, the loss in weight would be 

4.94 tons [7]. 

1.3. Loss Due to Insect 

Three groups of organisms that fall under this category are: 

insects, rodents and mites. Insect infestation will lead to loss 

in mass since insects eat away the germ and the endosperm. 

The degree of loss depends on the duration of attack, insect 

type and the kind of grain. With good quality and 

maintenance practice, this loss is not expected. However, 

there are different methods to estimate the loss in weight due 

to insect infestation should it occur. Insect damage in a stored 

grain ecosystem depends on initial insect pest infestation, 

grain nutritional value, grain moisture, moulds, presence of 

predatory insect, and the stored grain environment. It has 

been reported that; the optimum temperature for the 

proliferation of an average insect is between 25-30°C while 

the optimum breeding relative humidity range between 60-

80%. This is equivalent to grain moisture content of 13-15% 
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[16]. Most insects will die if exposed to temperature of 

<15°C and >55°C [17]. 

1.4. Loss in Quality 

The ability of a seed to germinate and produce a viable 

seedling depends on complex reactions involving enzymes 

which help to break down starch into sugars and amino acids 

for the growing germ [18]. These enzymes begin to be 

inactivated at temperatures during drying around 60-65°C. 

Mould can also lead to loss of the quality of grain in storage. 

In bread making, wheat must be elastic to be able to hold 

Carbon Dioxide (CO2) gas produced by fermentation of 

sugars by yeast because these gases make it raise. Its 

elasticity is a property of the gluten which is a complex 

formed by wheat protein and water. These properties can 

diminish over time, or loss as a result of microbial activities, 

and higher storage temperature. There are essential amino 

acids which may get lost if the condition of the stored grain 

was unfavourable. If the grain is scorched, the protein value 

is impaired. The lysine content of wheat, Maize reduces as 

the temperature exceeds 100°C [19]. Quality is assessed on 

the basis of appearance, shape, size, etc., but smell and flavor 

are sometimes included. Foreign matter contents and 

contaminants are factor in loss of quality; insect fragments, 

rodent hairs, and excreta, weed seeds, stones, earth, residual 

pesticides. Infestation in maize may cause an increase in the 

free fatty acid level leading to rancidity. Contaminants cannot 

be readily removed; they include soluble excretions of pests, 

oils, pesticides, pathogenic organisms spread by rodents or 

insects and toxins arising from fungal infections. 

1.5. Metal Silo and Their Implication on 

Grain Loss 

The metal silo technology has been successfully 

implemented in Central and Southern America [20], but the 

economic analysis is limited. The steel metal silo bin is a 

cylindrical tank made up of specialised galvanized curved 

corrugated steel sheets with a conical roof. Steel silo bin is 

available in different combination of diameter and height. 

The bin is an assembly of body sheets, stiffeners, doors, 

windows, roof panels, ladders, rents and other components 

put together for the safe storage of grain. The body sheets are 

sealed to each other by suitable mastic sealant and bolted 

together with steel washers carrying a neoprene rubber piece. 

The bin is anchored to a concrete foundation ensuring a 

waterproof joint between the bin base ring and the concrete 

base. The dreaded condensation phenomenon in steel silos 

usually occurs when temperature of the dry but warm product 

is higher than that of outside. As a result of this, the inner 

side of the silos is cooled to a temperature which is lower 

than the dew-point of air. This leads to the formation of a 

film of water on the metal wall. Accordingly, the granules 

become attached to the wall and some of them start to drop. 

If the silos are not cleaned to a sufficient extent, the insect 

living there infest the new grain immediately. The greater the 

difference in the temperature of the grain and outside air, the 

greater the volume of water extracted. With refrigerated silos, 

there is only a slight difference between the temperature of 

the grain and air, and so condensation phenomenon and the 

negative result are largely insignificant. Presently Nigeria 

Government has over 2Million metric ton capacity both 

operational and serviceable metal silos facility [7]. 

2. Methods 

The National Strategic Grain Reserve Silo complex, 

Akure, South-west, Nigeria has been choosing as the case 

study for this research work. Been commissioned in 1991, its 

one of the 14 Federal Government owned operational grain 

metal of capacity of 25,000 metric tons. Questionnaire was 

drawn to assess the conditions of some available silo storage 

system in the country. Primary data were collected to 

generate the necessary information need for the analysis. 50 

questionnaires were administered, while the valid ones were 

used, the invalid ones were disregarded. The analytical tool 

used for the analysis of the questionnaire was descriptive 

statistics. The data was analysis via SPSS. The descriptive 

statistics that were used for this research work includes 

frequency and ranking order. These in turn organized the data 

and identify the problems and developments of grain storage 

in Nigeria. 

2.1. Water Shrink 

By far, the major portion of weight loss by drying is the 

weight of the water that is removed. A good way to 

understand the basic concept of shrink is to consider the ideal 

situation where all of the weight loss is water. Total water 

shrink is calculated by dividing the weight of water lost 

during drying by the total initial grain weight. The result is 

then multiplied by 100 and expressed as a percentage. 

Percentage Reduction in Weight =  
	
��
�

����

 100          (1) 

Where �� = Initial moisture content, wet basis �� = Final 

moisture content, wet basis 

2.2. Estimation of Weight Loss 

The conventional method [21] for estimating losses in 

maize is to take the ratio of weights of discarded cobs over 

good cobs. This method tends to underestimate the losses as 

it does not account for partially-filled or partially-damaged 

cobs. They proposed a modified count and weigh method 

(gravimetric method) to assess weight loss in stored maize 

cobs. This method has also been widely used by number of 

other studies done on maize in other parts of the world. This 

procedure was further modified this approach to propose a 

new method to estimate the weight loss due to insect pests in 

stored maize cobs in Ghana [22]. It was emphasized that 

most of the earlier assessment methods are relatively time-

consuming and demand specialized staff and equipment. The 

researchers in this study develop a scale system ranging from 

1-6 depending on the damage to cobs. Coefficients were 
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established for each damage class using a modification of the 

count and weight technique [18, 23]. The method, which is 

applied to a single sample, requires the calculation of; 

(i) The proportion by weight of grains damaged by insects 

(ii) The percentage of damaged grains. 

The proportion of damaged grains is calculated from the 

mean grain weights of undamaged and damaged grains. This 

proportion is multiplied by the percentage of damaged grains 

in the sample to obtain the weight loss. This can be expressed 

in the formula: 

���� ���

��
×100 = % weight loss               (2) 

Where U = weight of undamaged grains, N = weight of 

damaged grains 

Nu = weight of undamaged grains 

2.3. Volumetric Method 

The volumetric method using bulk density apparatus was 

proposed by Adams (1976). The idea is that a weight loss can 

be measured by comparing the weights of standard volumes 

of damaged and undamaged grain. It involves separating the 

grains into damaged and undamaged fractions. After 

measuring the weight and volume occupied by each 

fractional value, the litre weight (Hectolitre) of each was 

calculated. The percentage weight loss was then calculated 

using the following formula: 

��� – ��� ×  �×���

 �� ×  � ×  �
= % weight loss                 (3) 

Where, Wa= Litre weight of undamaged Grains 

Wb= Litre weight of damaged Grains 

La = Volume of undamaged Grains 

Lb= Volume of damaged grains 

2.4. The Thousand Grain Mass Method (TGM) 

The thousand grain mass is the mean grain weight 

multiplied by 1,000 and corrected to a dry weight, and is 

calculated by counting and weighing the number of grains in 

a working sample. The method involves the determination of 

a reference TGM from a sample of grain collected in a 

representative manner at the storage season and compare 

with subsequent measurements throughout the season. The 

weight loss in a sample of grain is given as: 

% weight loss= 
!"#$#�% &.(.) – *�+,%- &.(.) 

!"#$#�% &.(.)
×100           (4) 

If all the calculations of T.G.M are routinely done on a dry 

basis, the dry weight T.G.M can be obtained directly using 

the formula: 

��+ 	���� .�

/
= Md                                   (5) 

Where m= mass (weight) of grains in sample, N= number 

of grains in sample 

H= moisture content of sample, 

Md= T.G.M. (dry basis) 

Losses generated monitored at the research location, 

National Grain Storage complex Akure, Nigeria is reported in 

Tables 1 - 3. 

Table 1. Wastes Recorded at SGR Silo Complex Akure, Nigeria from Year 

2000 – 2010. 

S/No 
Grain 

Type 

Year 

Received 
Quantity 

Year of 

Release 

Qty 

Released 

Qty of 

Wastes 

1 - 2000 4258. 55 2001 3751.80 49.23 

2 - - - 2002 376.62 31.38 

3 - - - 2003 55.00 7.87 

4 Sorghum 2004 - 2004 - 35.07 

5 Maize 2004 - 2004 - 26.07 

6 Maize 2005 3888.061 2005  110.482 

7 Sorghum 2005 4437.125   39.00 

 - - - 2006 1112.07 11.6 

8 - - - 2007 60 9.7 

9 Sorghum 2007 6804.44 2008 5658.92 127.27 

10 Sorghum - - 2009 1008.75 18.75 

11 Sorghum 2010 1766.20 2010 1766.20 31.50 

12 Maize 2010 2567.26 2010 2567.26 26.16 

13 Soya 2010 471.12 2010 471.12 15.02 

14 Maize 2013 187.37 - - - 

Source: SGR Silo Complex, Akure, Nigeria (2013) 

Table 2. Records of grain waste recorded manually in year 2011. 

Date Wt. of waste (kg) Type of waste 

Silo No 03   

12/05/08 3,000 Dust 

6/06/08 3,520 Dust 

27/06/08 4,000 Dust 

4/07/08 3,000 Dust 

29/07/08 4,000 Dust 

15/08/08 6,500 Caked 

19/08/08 5,600 Caked 

09/09/08 3,000 Dust 

Silo No 04  

16/07/08 4,800 Dust 

19/07/08 4,700 Dust 

21/07/08 5,000 Dust 

20/08/08 4,200 Caked 

21/08/08 4,200 Dust 

27/08/08 3,000 Dust 

Source: SGR Silo Complex, Akure, Nigeria (2013) 

Please note that, Dust / Chaff = 42.22 MT, Caked grain= 16.30 MT (58.52 

MT) and the Percentage loss=11.90% 

Table 3. Records of grain waste generated during grain releasing exercise in 

year 2008 (1000 Tons). 

Date of release Wt of waste (kg) Type of waste 

29/03/08 1,200 Dust 

04/04/08 1,700 Dust 

10/04/08 2,200 Dust 

17/04/08 2,400 Dust 

18/04/08 2,000 Dust 

26/04/08 1,600 Dust 

03/05/08 1,000 Dust 

09/05/08 2,300 Caked 

11/05/08 3,500 Caked 

11/05/08 2,200 Dust 

15/05/08 1,200 Dust 

16/05/08 2,000 Caked 

21/05/08 1,800 Dust 

24/05/08 3,000 Dust 
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Date of release Wt of waste (kg) Type of waste 

31/05/08 1,200 Dust 

10/06/08 4,200 Caked 

10/06/08 3,000 Caked 

10/06/08 2,700 Caked 

11/06/08 3,900 Caked 

11/06/08 3,200 Caked 

11/06/08 3,400 Caked 

11/06/08 3,400 Caked 

11/06/08 2,000 Caked 

12/06/08 4,700 Dust 

12/06/08 1,400 Dust 

12/06/08 2,300 Caked 

Source: SGR Silo Complex, Akure, Nigeria (2013) 

In summary, dust and chaff was 27.6 tons, caked grain was 

35.9 tons (63.5 tons, % loss=6.35%). These losses would be 

reduced with the introduction of computer-aided monitoring 

and management technique to less than 2%. This is allowable 

since the percentage of foreign matter inclusion at the point 

of entrance or reception of grains to the silo was ≤1% while 

dust and broken grains generated during transporting and 

storage accounts for the rest. Restructuring of grain chain 

flow chart was introduced for proper weight monitoring as 

shown in Figure 7. 

 

 

Figure 4. Flow chart for weight monitoring in a metal silo system. 

3. Results 

The paired samples test was carried out on the percentage 

losses derived from the questionnaires administered to grain 

operators that were using manual management method and at 

the silo complex where Computer Aided Management 

(GSMS) was introduced. The result revealed that the 

probability level was 0.001. Since the probability level of 

0.001 is less than the significance level 0.05, this led to the 

rejection of the null hypothesis. There was a significant 

difference between the percentage losses recorded from the 

software package and the manually management computed 

values. Figures 5-7 were the graphical presentations of the 

results obtained using the descriptive statistics to analyse the 

questionnaires. 
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Figure 5. Losses caused by insect damages.  

 

Figure 6. Losses recorded during cleaning. 

 

Figure 7. Bar chart showing total weight losses recorded without computer-

aided software. 

Computer-aided software for weight management was 

developed using PHP high language programming. It has three 

sections; the graphical user interface which the users could 

interact with was developed using Dreamweaver 8, the coding 

section was developed using PHP codes, and the database was 

generated using MySQL. The data were coded in Pre-processor 

Hypertext higher programming language using Dreamweaver 

platform and Structural Query language as database 

management system. Figure 8 is the users’ friendly landing 

interface for the grain reception while Figure 9 was the system 

login page where user is expected to enter with a password. 

 

Figure 8. Landing page. 

 

Figure 9. System login page. 

The weighing page contains the following field; contract 

number, entry weight, exit weight, net weight. To enter weigh-in 

or weigh-out records, click “edit weight” against the contract 

identity number generated automatically by the software. Enter 

the weigh in or out as the case may be. The record will cease to 

be editable when both weigh in & out records have been 

entered. You can always go back to list page. Figure 10 shows 

the weight entry settings, goods delivery certificate, store 

receiving voucher and store issue voucher. 

 

Figure 10. Weighing page. 
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Figure 11 was the good that were registered page. It 

presented the weight of each consignment while Figure 12 

was the result obtained after uploading data of a supplier 

(Duo-Team and Company Nigeria Limited). 

 

Figure 11. Goods registered page. 

 

 

Figure 12. Goods weight status for a supplier (Duo-Team and Co Ltd). 
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The actual weight of grain stock can be obtained monthly 

through the stock adjustment page. It provides linkage for 

different consignment of grains and the number of silo where 

they are stored. This is presented as Figure 13 and 14. The 

stock adjustment form page allows regular updating of stock; 

this is necessitated as a result of insect infestation, shrinkage, 

moulding, theft, possibility of weight loss. The manager at 

the station or desk officer at the headquarters is allowed to 

adjust the total grain stock but approval must be given. 

 

Figure 13. Monthly stock adjustment page. 

 

Figure 14. Monthly stock adjustment page. 

 

Figure 15. Percentage weight loss recorded before introducing computer-

aided Management. 

 

Figure 16. Percentage weight loss computed with computer-aided 

Management software. 
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Figure 17. Report Page. 

4. Discussion 

The software was developed using PHP programming 

language, an object oriented programming language that is 

compatible with almost all popular internet platforms. The 

software developed had three sections; the front- end was the 

user interface which the users interact with. This was 

developed using Dreamweaver 8; the second section was the 

middle- end. This is the coding section and it was developed 

using Pre- processor Hypertext code; and the back- end 

section (database) was generated using MySQL. 

Dreamweaver was used as the tool for creating the graphical 

objects that enhances the user friendliness of the software 

while MySQL, a Structured Query Language programme was 

used as the Database facility, the database holds the 

parameter s for the software, stores all entries by users 

including the personal information of the individual users. It 

also generates report for every reception, release and stock 

updates computation carried out. The database is important 

particularly because the software is assessed over the internet 

by large number of users. The developed software comprised 

of a number of user’s interface that allow the users to freely 

interact with the computer, select pages of interest along the 

grain movement and stock management. 

The landing interface was the welcome banner and the first 

interface that floats as soon as the package is launched. It 

contains basic information about the package, a few graphics 

that represent the general concept of silo grain management 

and its affiliates. Such information includes; news, abstract, 

silo operation, products and contacts. Since our interest is 

mainly on silo operations, click on silo operation. The user’s 

access permit interface (system log-in page) is the log-in 

dialog box where the user is expected to log-in with the 

administrative permit information that is, user name and 

password. 

During entry of data to the software page, click on 

‘generate report’ to generate report for supplier as an 

evidence of the status of the good. The details of the supplier 

and his goods are displayed here. If the good is rejected, the 

supplier may want to know why ‘print’. The ‘generate report’ 

page takes care of; laboratory result, monthly grain analysis, 

store receiving voucher (weight) and release voucher. In 

order to have an accurate quantity of grains available in each 

of the silo cells, the program developed could compute an 

estimated quantity left after the necessary deductions. On a 

monthly base, a calculated quantity could be made. The 

major factors that contribute to storage loss as discovered 

included, the moisture content, insect damage, mould 

damage, broken grain content (BGC) which influence the 

building up of dust. Grain in store continues to undergo 

natural drying due to respiration and temperature variations. 

Daily temperature readings, sampling and analysis would 

afford stock managers and operators the privilege of knowing 

the conditions of the entire stock before deterioration would 

set in. The weighing page contains the following field; 

contract number, entry Weight, exit weight and net weight. 

To enter weigh in or weigh out records, click “edit weight” 

against the contract ID number generated automatically by 

the software. Enter the weigh in or out as the case may be. 

The system will not allow you to enter weigh out record 

without entering a weigh in first. The record will cease to be 

editable when both weigh in & out records have been 

entered. You can always go back to list page. The records 

become updated when the net weight of the consignment is 

obtained automatically. 

Temperature cables would provide valuable information 

for isolated spots inside grain bins, especially where 

handheld grain sampling probe cannot collect samples and 

temperature probes could not penetrate the grain bulk [24]. 

Daily record of temperature reading makes the users to be on 

their toes whenever the readings fluctuate sharply from the 

expected range. While thorough manual inspections provide 

valuable information about the quality of stored grain near 

the surface but have severe limitations in deeper regions of 

the bin unless a vacuum probe is used. The officer assigned 

must daily read and record the temperatures on this 

prescribed page so that management could be kept abreast of 

the temperature- condition of the stored grain. If it is found 

that any silo shows increase in the temperature of 1-2°C, 

aeration is indicated. Should the temperature increase rapidly 

by more than 2°C, the entire stock in the silo must be re- 

cycled. Sufficient exposure to different temperature and 

relative humidity would dry grain to the moisture as indicate. 

Experience has proved that stored grain moisture decreases 

with increase air temperature. This assertion was supported 

by Mcneill [17]. 

Monitoring of the records of temperature readings would 

make operators to achieve better pest control by adjusting bin 

temperature. Hence to prevent insect movement temperatures 

should be lower than 45°F and to prevent insect 

multiplication temperature should be lower than 59°F. This 

work had indicated how avoidable losses that have 

characterised the grain storage industry could be overcome; 

Losses begin right from the point of delivery at the silo 

location but when the right conditions favourable for storage 

of grain are maintained. 

5. Conclusions 

The results obtained from the software indicate a very 

wide margin of advantages over the error- prone manual 
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recording of data. This work had indicated how avoidable 

losses that have characterised the grain storage industry could 

be overcome; Losses begin right from the point of delivery at 

the silo location but when the right conditions favourable for 

storage of grain are maintained. Deterioration of stored grain 

would be prevented; this on the long run would safe, quality, 

quantity and economic losses through a prudent management 

using computer aided management system. The results of its 

application have shown that grain losses could be minimised 

to safe threshold using computer applications. 
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