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ABSTRACT
Postharvest losses in maize production especially during storage, is a major and big
challenge in maize growing areas in Ghana. Consequently, the study was undertaken
to investigate and come out with suitable storage methods which would minimize both
qualitative and quantitative losses of maize during storage. A field survey and
laboratory experiments were conducted to evaluate the effects of some storage methods
namely: jute sack, polypropylene sack, plastic drum, hermetic triple-layer bag, clay pot
and heaping on floor used by farmers in Ejura-Sekyedumasi Municipality, in the
Ashanti Region of Ghana, on postharvest quality characteristics of stored Obatanpa
maize grains. The experiment was set up ina 6 x 2 x 4 factorial laid out in a Completely
Randomized Design (CRD) replicated three times. For each treatment, five kilogram
of Obatanpa, treated with Actellic Super and Phostoxin at the recommended rates was
stored for a period of four months at ambient conditions. At every one month of storage
interval, destructive sampling of 1kg of grains was taken randomly from each treatment
for the determination of grain quality parameters including moisture content, weight
loss, grain damage, grain colour and odour changes and level of insect pest infestation.
Hermetic triple- layer bag proved superior in recording the least weight loss (5.76%)
within four months of storage followed by plastic drum (7.38%), clay pot (7.98%), jute
sack (10.31%), polypropylene sack (10.98%) and heaping on floor (14.62%). The use
of hermetic triple-layer bag and plastic drum significantly minimized grain damage,
moisture content number of insect pests that caused grain damage and had no effect on
grain colour and odour. Reduction in proximate and minerals composition of maize
grains were significantly lowest in grains stored in hermetic triple-layer sack and
plastic drum compared to grains stored in jute sack, polypropylene sack, clay pot and

heaping on floor methods.



The quality parameters studied were significantly affected by storage duration. Grain
moisture content, insect infestation, grain damage and weight loss showed an
increasing trend with an extended period of storage. With the two grain protectants
(Actellic Super and Phostoxin) used, Phostoxin gave a desirable result than Actellic
Super as far as moisture content was concerned. In this regard, Phostoxin fumigation
was effective method to maintain the quality of stored maize grains.

In this regard, it is concluded that for better short term and long term storage of maize
grains, it is preferable to use hermetic triple-layer bags and plastic drums in
combination with Phostoxin treatment to maintain postharvest quality characteristics

of stored maize grains.
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CHAPTER ONE
1.0 INTRODUCTION

Maize (Zea mays L.) is also known as corn in some countries. It belongs to the family
Poaceae (Kranja, 2003; Raouf, 2011). Maize is a native of Central America from where
it spread to Asia, Europe and Africa through the activities of traders and explorers. It
got to West Africa through the Portuguese in the 16" century (AddoQuaye et al., 1993).
It is the third most important cereal grain worldwide after rice and wheat (FAO, 1991,
Golob et al., 2004; Escobedo, 2010), and the second most important staple food in
Ghana, next to cassava (IFPRI, 2013). Maize is now ranked as the third most important
food crop in the world (Organization for Economic Cooperation and Development
(OECD) of the United Nations (FAO, 2000; Escobedo, 2010). It is referred to as the
cereal of the future due to its nutritional value and utilization of its by-products (Lee,
1999), and has become a major staple and cash crop for smallholder farmers in Africa
(IITA, 2000). It is a source of food for about 90% of the population in Ghana (FARA,
2013), 900 million poor consumers and one third of all malnourished children (IITA &
CIMMYT, 2010).

Maize is among the most important staple food grains for large parts of the world
particularly in Africa, Latin America and Asia (Yaouba et al., 2012). Maize is a
multipurpose crop, providing food and fuel for human beings and feed for animals.
Maize has great nutritional value and can be used as raw materials for manufacturing
many industrial products (Afzal et al., 2009). It accounts for about 15 to 56% of the
total daily calories in diets of people in about 25 countries, particularly in Africa and
Latin America, where animal protein is scarce and expensive (Orlyan, 1999). It is a
source of food for humans, feed and fodder for livestocks and a raw material for
industrial production of biofuel and ethanol (McCann, 2002; FAO, 2006). The fresh
maize can be eaten either boiled or roasted.
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In Ghana, maize is the most important cereal produced and widely consumed staple
food with increasing production since 1965 (Morris et al., 1999; FAO, 2008). Maize
comprises a significant part of the diets of many of the inhabitants in Ghana, and is the
most staple food for about 90% of the population with per capita consumption estimated
at 44 kg/person/year, and an estimated national consumption of 943, 000 Mt in 2006
(SRID, 2007). Maize flour is used in making a variety of Ghanaian dishes such as
banku, kenkey, corn bread, porridge, akple and tuozaafi. Its by-products such as the
corn cobs and husk are used as components of household fuel and at times combines
with fire wood as a source of energy for cooking purposes in farm households (Omane,
2013). It also plays a vital role in the economic development of most African countries,
especially, Ghana. In Ghana, maize accounts for about 5060% of cereals produced,
representing the second largest commodity apart from cocoa (GGDP, 2010). Maize is
widely produced in all the ten regions in Ghana by vast majority of rural households,
but the largest production occurs in Brong Ahafo, Ashanti and Eastern regions (MOFA,
2011). In the years 2009 through 2011, maize production in Ghana is averaged 1.7

million tons from about 990,000 hectares (MOFA, 2011).

In most African countries including Ghana, maize is one of the most important staple
foods, but the crop is produced on a seasonal basis, and in many places there is only
one harvest per year (FAO STAT, 2009). However, the demand and the consumption
of the crop is normally spread over the whole year round. This necessitates the use of
suitable and cost effective storage methods to store the excess in order to make the crop
available round the year. In maize production, postharvest losses in storage constitute a
major threat and challenge to producers as well as other stakeholders. It is estimated
that between 20-40% maize grains is lost after harvest in storage in Ghana (Hill &

Waller, 1990).



Maize grains storage is very important component in the economics of developing and
developed countries alike, but developing countries suffer severe qualitative and
quantitative postharvest losses due to the choice and use of storage methods (Sarangi et
al., 2009). According to Abraham and Firdissa (1991), estimate of annual grains losses
of over 50%, valued at 4 billion dollars, including maize have been reported. It is
obvious from this background that the cost of preventing food losses is generally less
than the cost of producing an additional quantity of food crop of the same quantity and
value. Research has demonstrated that there are several reasons that lead to high
deterioration and postharvest losses of maize grains in storage which include pests and

rodents attack, amount of drying and storage methods and structures used.

The prevalence of inauspicious macro-environment and hardship in most African
countries make it difficult to access improved technologies for preserving maize grains
and compel maize producers and other stakeholders to use any available material to
store maize grains, neglecting the effects that it will have on the grains. Lack of suitable
storage methods also forces some farmers to sell all their harvested produce at very low
prices in order to be relieved of problem of postharvest losses. This implies that there
is the need to adopt suitable and effective storage methods that will help minimize

qualitative and quantitative postharvest losses incurred in storage.

Several storage methods are used by maize producers in the Ejura-Sekyedumasi for the
storage of maize grains in the municipality, but jute sacks, polypropylene sacks,
heaping on floor, earthenware clay pots, plastic empty drums and baskets are the most
commonly used methods. A preliminary field survey conducted prior to this study in
Ejura-Sekyedumasi Municipality revealed that methods used by maize producers for
the storage of maize had resulted in a lot of grain losses season after season. Some maize

producers in the Municipality who do not store their maize grains due to anticipated



losses in storage and, therefore, dispose of their harvested maize immediately after

harvesting by selling them cheaply to consumers, retailers and wholesalers.

However, the effectiveness of storage methods used by maize producers in
EjuraSekyedumasi Municipality for the storage of maize grains has not been
sufficiently evaluated and reported. This has made it difficult for maize producers,
retailers, wholesalers and other stakeholders of maize in the Municipality to make the
appropriate choice of storage methods. And hence, this gap in knowledge needed to be

addressed.

1.1 PROBLEM STATEMENT

Due to its increasing importance, maize has become a major staple and cash crop for
small holder farmers and, has the potentials to be used as strategic grains for food
security and poverty reduction (IITA, 2000; AUC, 2006). It is estimated that by 2015,
the demand for maize in developing countries will double, and by 2025 maize will have
become the crop with the greatest production globally (CIMMYT and IITA, 2010). For
this vision to be realized, there is the need to resort to the use of suitable storage methods
to store more of the produce. Nevertheless, the potential of maize to ensuring
availability of food and as a strategic grain for food security and poverty reduction have
not been fully materialized, since a substantial quantity of maize produced is lost due
to inadequate postharvest management of which poor storage methods and structures
used play major roles (Niarz and Dewar, 2009).

In most developing countries like Ghana, maize production and bulk storage of
harvested maize is done by small-scale farmers themselves at the farm gates and in the
farmers’ residences, and the inauspicious of both macro-economic and financial forces

compel farmers to use a variety of traditional methods such as the use of raised



platforms on the farm, storage in synthetic fertilizer and jute bags, hanging over the
kitchen hearth or fire, spreading and piling up on floor in both completed or
uncompleted houses, in gourds and baskets. Farmers often make decisions on the types
of storage methods to use based on affordability (Adetunji, 2007). Such methods are
cheap to construct and use, but they are not effective in protecting stored maize grains
from storage pests, predisposing them to various infestations leading to quantitative and
qualitative losses (Obetta and Daniel, 2007). The use of inappropriate storage methods
for maize storage does not only jeopardize the quantity of maize grains that the
consumer can access, but also the quality of stored maize (Golob, 2004). A number of
problems are encountered during storage from such methods. Such storage methods
predispose sound and quality grains to various infestations from insects and rodents
including mould infestations, leading to losses and reduction in the quality, food and
economic value of the produce.

According to Omane (2013), the kind of storage methods used by farmers determine
the susceptibility of the stored grains to insects, pests, rodents and other agents such as
bad weather conditions that might cause the grains to deteriorate. A good storage
method must be able to protect grains from insect pests, rodents and birds and also to
maintain for the longer time as possible the initial quality conditions in which grains
have been received (Hall, 1980). Traditional maize storage methods in Ghana
contribute to food insecurity. However, there is a paucity of scientific information on
the extent to which the various methods commonly used for maize grains affect the
quality of stored maize. Hence this research was carried out in order to identify the
commonly used storage methods for storing maize grains and also assess their
effectiveness in maintaining the postharvest quality characteristics of stored maize

grains.



1.2 JUSTIFICATION OF THE STUDY

The choice and usage of a particular storage method is influenced by the quantity of
maize grains produced. According to Nicol et al. (1997) the use of various methods for
storing maize grains tends to be specific to a climatic zone and also depends on the
financial status of an individual and are constructed to meet the requirements of that
particular area and the decision made to use a particular storage is methods based on
affordability (Adetunji, 2007).

The use of various storage methods such as the raised platforms on the farm, storage in
synthetic fertilizer and jute bags, hanging over the kitchen hearth or over the fire,
spreading and piling up on floor in both completed or uncompleted houses, in gourds,
in polyethylene sack and earthenware pots and in baskets for storing maize grains by
most farmers in maize growing areas in Ghana who are constrained financially to access
conventional storage facilities such as hermatic storage bags, leaves much to be desired.
Although these methods are the only available storage options for smallholder farmers,
little is known about their effectiveness in maintaining the nutritional and marketable

quality of stored maize grains.

The seasonal nature of maize production in many African countries where one rainy
season is experienced per year necessitates the requirement for good maize storage
systems (Owusu et al., 2007). Storage is considered as one of the most critical steps in
postharvest that causes significant losses and insect and fungal infestation are amongst
the factors that contribute remarkably to grain deterioration during storage.

According to International Journal of Sciences: Basic and Applied Research (IJSBAR)
(2014), the main objective of grain storage is to maintain quality of the produce for a
long period of time and the basic requirements of every grain storage structure or

systems are to protect the grains from insects, rodents and prevent deterioration of the



grains by the activities of micro-organisms. Safe storage is one that minimizes
quantitative loss and maintains grain quality characteristics that may be expressed in
terms of colour, malting quality and many others. Farmers in developing countries rely
on traditional storage methods which expose grains to rodents and insect attack, and
provide favourable climatic conditions for their proliferation, as well as for that of

micro-organisms, thus leading to substantial postharvest losses (Ngamo et al., 2007).

A survey conducted in twenty maize growing communities in Ejura-Sekyedumasi
Municipality to identify methods commonly used by farmers for storing maize grains
indicated that, majority (30%) of farmers stored maize grains in traditional storage
methods, with or without grain protectants for a long period of time which leads to both
qualitative and quantitative losses whilst only 3.5% of the farmers had access to the use
of improved storage methods. Usually grain quality is evaluated on the basis of its
weight, fungal contamination, insect infestation, nutritional content and many others.
The deterioration in quality and quantity of maize grains in conventional storage
methods used by farmers in Ejura-Sekyedumasi Municipality over long periods of time
was not clearly known. Hence, the objective of the present study was to investigate the
effects of commonly used storage methods, chemical treatments and storage period on
the quality of stored maize grains and share the findings with rural and smallholder
farmers who are constrained financially and technically to access newly introduced
improved storage methods for maize grains storage, since maize grain quality is

important for consumers’ preference and producers’ profitability.

1.3 MAIN OBJECTIVE OF THE STUDY
The main aim of this study was to identify and evaluate the effect of commonly used

storage methods on the postharvest quality characteristics of maize grains in the



Ejura-Sekyedumasi Municipality.

1.4 SPECIFIC OBJECTIVES
1. To identify the commonly used storage methods available for maize storage in
the study areas.
2. To evaluate the effect of each commonly used storage method on postharvest
quality characteristics of stored maize grains.
3. To assess the duration of storage for the methods used
4. To ascertain the effects of each storage method on proximate and minerals

composition of stored maize grains.

CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 ORIGIN, DISTRIBUTION AND PRODUCTION OF MAIZE
Maize, (Zea mays L.) is also known as corn in the United States, is the third most
important cereal grain worldwide, after rice and wheat (Golob et al., 2014). It is
considered as one of the oldest human cultivated crops. It is generally believed that
teosinte (Zea Mexicana) is an ancestor of maize (Galinat, 1988). Its centre of origin is
believed to be the Mesoamerica region, at least 7000 years ago where it was produced

as a wild grass called teosinte in the Mexican high lands (FAO, 2006). Raemaekers



(2001), remarked that maize belongs to eight genera. Three (3) of these are found in

America and the remaining five (5) are Asiatic in distribution.

Maize is one of the most important grains after rice and wheat globally (Morris et al.,
1999; FAO, 2007). It is produced in more diverse areas of the world than any other
grain crop. According to International Food Biotechnology Council (1990), maize is
cultivated worldwide and represents a staple food for significant proportion of the
world’s population. The United States of America is the world’s largest producer,
exporter and consumer of maize (Kranja, 2003). It is reported that over 40 % of the
world’s total production of maize is produced by United States of America on about 21
% of the world’s total area cropped (Kranja, 2003). Raemaekers (2001), reported that
in Africa, the total annual maize production is about 25 million tons, which represents
7% of the world’s production. Nigeria produces about 39 % of the total

West Africa production with Cameroon, Cote d’lvoire, Ghana and Benin contributing

a significant role in maize production.

In Ghana, maize is the number one crop in terms of area planted and accounts for 5060
% of total cereal production, and its annual production increased from 141, 000 metric
tonnes in 1983 to 533,000metric tonnes in 1993 (PPMED, 1993) and currently stands
at 1, 871, 700 metric tonnes (ISSER, 2011). Maize is the most cultivated crop in Ghana,
occupying up to 1, 023, 000ha on arable land compared to rice (197,

000ha), millet (179, 000ha), sorghum (243, 000ha), cassava (889, 000ha), yam (204,
000ha) and plantain (336, 000ha) (SRID, 2007). Maize is produced in the ten regions
in the country over a wide range of soils and ecological conditions. Maize is principally
produced by smallholder farmers under rain-fed and tillage conditions

(Amanor- Boadu, 2012). However, intensive and commercial production of maize in

Ghana is concentrated in the middle Southern part (Brong Ahafo, Eastern and Ashanti



provinces), where 80 % of maize of the maize is produced, with the remaining 16 %
being produced in the Northern regions on the country (Northern, Upper East and

Upper West provinces (GGDP, 1991, SRID, 2011).

Figure 2.1: Distribution of production of maize in Ghana by region over the period

2006-2010
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Source: Ministry of Food and Agriculture, Statistics, Research and Information

Directorate (SRID, 2013)
Table 2.1: Estimated average production and consumption in 12 selected countries
in Sub-Saharan Africa (1998-2007)

Name of country Maize production per  Per capital Total
annum (1000 tonnes)  consumption consumption per
(kg) per annum  annum (1000
tonnes)
Angola 533 37.4 578.9
Cameroon 929 39.2 659.3
Ghana 1,142 40.7 842.7
Kenya 2,654 83.8 2810.2
Malawi 1,832 128.9 1506.3
Mozambique 1,164 57.3 1114.7
Nigeria 5,474 214 2924.8
South Africa 9,010 108.7 5056
Tanzania 3,161 112.5 2385.6
Uganda 1,153 275 726.3
Zambia 993 119.8 1326.9
Zimbabwe 1,321 114.5 1425.3
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Source: FAOSTAT (2010 a, b).

2.2 MAIZE PRODUCTION AND POSTHARVEST LOSSES OF MAIZE IN
EJURA-SEKYEDUMASI IN THE ASHANTI REGION OF GHANA
Ejura-Sekyedumasi Municipal is the leading producer of maize in the Ashanti region.
According to DADU-SRID (2007), the municipal produces 28,861 tons of maize with
an average yield of 2.14 Mt/ha from an estimated crop are of 13,486.44 ha.

Storage of crop is a major challenge in the municipal. Shelled maize grains are stored
for some months after they are properly dried to acceptable moisture content and
fumigated. Postharvest losses of maize produced in the municipality are estimated at

15-20% as a result of poor storage methods and structures used (DADU-SRID, 2007).

2.3 BOTANY OF MAIZE

Maize, (Zea mays L.) botanically belongs to the grass family Poaceae (formerly
Gramineae). It is an annual monocotyledaneous plant with an extensive fibrous root
system. Maize is a diploid species, with a chromosome number of 2n = 2x = 20 (Cai,

2006).

2.4 CHEMICAL COMPOSITION AND NUTRITIONAL VALUE OF MAIZE

In developing countries, importance of cereal grains especially maize is widely and
highly recognized in human nutrition, as it provides substantial amounts of energy and
protein to millions of people (FAO, 2011). Nuss and Tanumihardjo (2010) reported that
maize grains provide an estimated 10% and 15% of the world’s calories and protein

respectively. Maize is a multipurpose grain. According to Ullah et al. (2010), maize is
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used directly as a human food, but provides even greater nutritional values when used
as an ingredient in the food processing industry and the animal feeding industry.

Kulp and Joseph (2000) remarked that chemically, dried maize kernel contains about
10.4% moisture, 6.8% to 12% protein, 4% ash, 2.0% fiber and 72% to 74%

carbohydrate.

Maize grains also contain macro and micronutrients such as calcium, phosphorus, iron,
sodium, potassium, zinc, copper, magnesium and manganese, with 7 mg/100 g, 210
mg/100 g, 2.7 mg/100 g, 35 mg/100 g, 287 mg/100 g, 2.2 mg/100 g, 0.3 mg/100 g, 127
mg/100 g and 0.45 mg/100 g each , respectively in dry matter basis (db) (Nuss and
Tanumihardjo, 2010). Maize also contains important vitamins such as thiamine

0.38 mg/100 g, riboflavin 0.20 mg/100 g and niacin 3.63 mg/100 g, pantothenic acid
0.42 mg/100 g and folate 19 pg/100 g, these vary due to variety, hybrid, growing

seasons and soil conditions (Nuss and Tanumihardjo, 2010).

2.5 SOCIO-ECONOMIC IMPORTANCE OF MAIZE

Maize is an important commodity in the diet of most countries and Ghana in particular.
Itis a principal food crop in Africa, Asia, Latin America, and in some parts of the world
(Li et al., 2001).The importance of maize is judged by its area of production, wide
variety of its uses, utilization, the role it plays as a staple food in the lives of poor people
and share in trade (I1'TA, 2013). The crop is a primary feed grain in United States and
contributes to more than 90% of total feed production and use (USDA, 2012), and in
developing countries, it is directly consumed but serves as staple diet for some 200
million people in Africa (IITA, 2009).

Maize is a multipurpose crop used as food for human consumption, feed for animals
and as a raw material for industrial production of starch, oil, ethanol as a substitute for

petroleum based fuels (Vasal, 2000; Amin et al., 2007). It is boiled or roasted fresh and
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eaten or milled in wet or dry form into dough or flour for various traditional meals such

as kenkey, banku, akple and tuozaafi.

It is a good source of carbohydrate, rich in vitamin A, C and E, contains proteins such
as tryptophan and lysine, minerals and fats (1ITA, 2009; Onimisi et al., 2009; Buah et

al., 2009).

Locally and internationally, the production, processing and sales of maize and its
products serve as major means of occupation and income generation for thousands of

people worldwide (Bourndillion et al. , 2003; USDA, 2009).

2.6 SOME IMPORTANT MAIZE POSTHARVEST PRACTICES

2.6.1 Drying

Moisture is known to the greatest enemy of maize grains after harvesting. Maize grains
with high moisture or wet grains are susceptible to insects and mould infestations, and
hence maize grains must be adequately dried as soon as possible after harvesting.
Drying is described as the systematic reduction of moisture content in produce to safe
levels for storage, usually 12-14.5% moisture content. Drying of grains permits the
escape of moisture from grain moisture to an acceptable level, which can sustain very
low metabolism. Grains can be dried in a crib before shelling and spread on tarpaulins

after it has been shelled.

2.6.2 Shelling

Maize shelling involves the removal of grains from the maize cobs. Maize is normally
shelled in Sub-Saharan Africa by smallholder farmers by beating maize cobs put in a
sack or with the use of bare hands. The use of a maize shelter is preferred, but it cannot

be afforded by most farmers (MOFA, 2009). Maize shelling is difficult at a moisture
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level content above 25%. More efficient shelling is achieved when the grains have been
suitably dried to 13-14% moisture content. Maize is shelled in order to reduce required
storage space capacity and also to facilitate effective application of insecticides. The
act of beating maize cobs with sticks with the view to shelling causes physical damages
to maize grains which renders the grains easier for insect penetration and moisture

absorption.

2.6.3 Storage

The main objective in any maize grain storage system is to preserve the stored grains in
a good condition in order to prevent deterioration both in quantity and quality. Maize
grains can be stored up to two (2) years without any significant reduction and
deterioration in quantity and quality provided the storage is done using effective and
good storage methods. According to Komen et al. (2006) substantial quantity of maize
is lost in storage in Sub-Saharan Africa due to the use of poor and primitive storage
methods and techniques. A good storage method should protect stored maize grains
from common storage loss agents such as rodents, insect pests, moulds and birds and
also should not allow re-wetting of grains by moisture migration (MOFA,

2009).

2.7 COMMONLY USED METHODS OF STORING MAIZE

Producers, both wholesalers and retailers, traders and other stakeholders usually store
maize grains using different methods in order to prevent insect pests damage. The
quantity of maize produced in a season, duration of storage and the expected future

price influence the type of storage method used (Owusu, 1981). Different types of
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storage methods are used to store maize in Ghana and differ from region to region based
locally available materials. The inauspicious nature of the micro economy and the poor
status of smallholder farm households lead them to use maize storage methods which
are cheap regardless of their nature, consequently most o the grain losses occur during
storage (Obetta & Daniel, 2007). Some producers who cannot store their grains due to
anticipated losses during storage dispose them through selling at cheap prices soon after
harvesting (MOFA, 2009). Farmers in Sub-Saharan Africa including Ghana, producers,
wholesalers and retailers and other stakeholders, still their grains in baskets, gourds,
earthenware clay pots, empty drums, bans, cribs, calabashes, bags, sacks and on floor
in their houses (Nicol et al., 1997; Komen et al., 2006). These storage methods results
in a lot of grain losses due to the poor conditions that these methods present.

Commonly used methods for storing maize in the study includes: heap or pile on floor,
jute sacks, polypropylene sack (synthetic fertilizer sack), hermetic triple-layer bags,
earthenware clay pots, gourds, over kitchen fire or hearth, roof storage and empty

drums.

2.7.1 Jute sacks

These are sacks made of woven jute, cotton, sisal or local grass. Storage of maize in
jute sacks is widely used in villages’ level, farms and in commercial storage centres,
and they can store up to 100 kg of grains and provides the farmer with ease of access to
stored grains (Lindblad and Druben, 1976). However, jute sacks can easily be damaged

by insects which would expose stored maize grains to rodents infestation.
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2.7.2 Polypropylene sacks
Polypropylene sacks (fertilizer sacks) are made by knitting of synthetic fibres. Such
sacks have least ability to absorb or transfer heat or moisture, but the pores in such sacks

allow stored grains to exchange moisture and heat with the immediate surroundings.

2.7.3 Storage baskets

These are traditional storage methods made of reeds, elephant grass, bamboo, palm
branches or sorghum stalks through weaving. Storage baskets can be plastered in order
to make them somewhat air-tight (FAO, 1994), and can last provided they are not
exposed to moisture (Shepherd, 2010). Storage baskets are cheap to make, since they
are made using locally available materials, and they can hold up to 100 kg of maize
grains (Lindblad and Druben, 1976). Furthermore, storage baskets have good
ventilation and aeration, and as such may not be conducive for moulds growth.
However, storage baskets have limited capacity and not economically conducive for the

storage of large quantities of maize.

2.7.4 Earthenware clay pots

Earthenware clay pots are of hardened clay which are heated for several hours. Large
pots are multipurpose storage facilities. Such pots are used to store small quantities of
grains (Lemma, 2006). Earthenware clay pots are small in size and these make them
inefficient for storage of large quantities of grains. Also, earthenware clay pots have

high fragility and limited capacity.
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2.7.5 Metal silos

Metal silos are made of metal sheets. Depending on their sizes, metal silos can store up
to 4000 tonnes of grains (Ikisan, 2000). Maize stored in metal silos is not easily attacked
by pests and is less infested by moulds since they cannot be damaged by pests and
rodents. However, metal silos being good conductors of heat, heat can easily flows
through them which can result in build of heat when exposed to heat (Villiers et al.,
2006). Also, in metal silos, condensation can occur when temperatures drop, which can
result in moisture content problems and cause favourable conditions for infestations
(Villiers et al., 2006). Again, metal silos are expensive and poor and smallholder
farmers in Africa may not be able to afford it.

2.7.6 Floor storage

Rooms in living houses of both completed and uncompleted houses are set aside for
maize storage both in dehusked and shelled or in undehusked forms. Taupauline or
polyethene bags are spread on cemented floor before maize are heaped or piled on the
floor. Constantly, the piled or heaped maize turned to allow air circulation (Udoh et al.,
2000). Floor storage of encourages growth of moulds which can easily leads to aflatoxin
infection resulting from high moisture. Furthermore, insect pests and rodents can easily

damage the stored grains.

2.7.7 Suspensions above the fire place or kitchen hearth or fire

Farmers usually hang undehusked maize on beams or sticks erected above the kitchen
fire (Lemma, 2006; UNIFEM, 1995). This method allows permits drying of maize as a
result of smoke and heat from the fire place. The heat and smoke from the fire beneath
it can also protect stored maize from insect pests (UNIFEM, 1995). However, this
storage method has been criticized for impacting negatively on the physical appearance,
taste and colour of stored maize grains.
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2.7.8 Hermetic triple layer storage sacks

The triple layer hermetic storage bag was developed by Purdue University and partners
to control the cowpea bruchid Callosobruchus maculates, but also used for other pulses
and cereals (Villers et al., 2006; 1ITA, 2010). It consists of two sealed plastic bags
placed inside a third bag which is made of woven polypropylene or nylon to give
additional strength and protection (Amankware et al., 2012). According to IITA (2010),
the bag does not use any of the chemicals that are normally misused and overused which
cause health hazards. This technology is being widely used since it is simple, effective

and profitable to farmers and other users.

2.8 POSTHARVEST CONSTRAINTS AND LOSSES OF MAIZE

A major constraint and setback to the increased and sustained maize in Ghana is high
incidence of postharvest grain losses in storage. According to Centre for Agricultural
and Rural Cooperation (2014), postharvest loss of maize in Ghana is estimated at 35%
which is of great concern to producers and other stakeholders. Research has shown that
these postharvest losses occur in the form of weight, nutritional, quality, colour and
economic losses. These losses occur at all stages of the postharvest handling, including
pre-processing, transportation, storage, processing, marketing and utilization. Poor
storage management, unfavourable environmental conditions, inherent grain quality
characteristics and ineffective storage methods are responsible for high postharvest

losses of maize grains during storage.
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2.8.1 Factors and causes of maize grain losses in storage

The main factors or agents which are responsible for postharvest losses in maize are
classified as physical, biological, socio-economic, engineering and mechanical factors
(Odeyemi & Daramola, 2000).

Temperature and moisture content are considered as the most important physical factors
which greatly contribute to maize postharvest losses in storage. Temperature
considerably influences the respiration rate of stored products, relative humidity, insect
pests proliferation and moisture content. The temperature conditions in tropical and
sub-tropical zones create optimum conditions for insect pests infestations in stored
maize grains.

2.8.1.1 Moisture

Even with the adoption of good storage management and use of effective storage
method, high grain moisture content, stored maize grains cannot be kept from
deterioration. Harvested produce contain water in different proportions, and this
moisture content fluctuate with time during storage. It is imperative that all harvested
produce are stored below their safe moisture content prior to storage in order to prevent
creation of conditions which are conducive for micro-organisms to survive and
multiply. Higher moisture content is favourable for pest infestation, fungal and mould

growth (Tilahun, 2007).

2.8.1.2 Temperature

2.8.2.1 Biological factors that cause postharvest losses of maize grains in storage
Micro-organisms such as fungi and mould, insect pests, rodents and birds are biological
factors responsible for causing postharvest losses of maize grains in storage. Their
eating activities coupled with urine, body frass and droppings contaminate and result in
loss and spoilage of maize grains. Infestations of maize grains by insects pests and other
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micro-organisms results in release of toxic substances, which alters the food values and
the palatability of the maize grains

(Fekadu, 2007).

2.8.2.2 Mechanical and engineering factors that cause postharvest losses of maize
grains in storage

Improper drying and the use of ineffective methods of storage are the two most
important factors of mechanical and engineering factors that influence postharvest
losses of maize grains during storage. Maize grains drying to a safe moisture content is
an essential component of a storage system, which helps long term storage (Fekadu,
2007).

Improper drying of maize grains prior to storage leads to build up of heat in the grains.
Heat build in stored grains provides excellent growth conditions for insect pests
infestations and growth of mould leading to deterioration in quality. Also, improper
drying of maize grains before results in discoloration during storage. Discolored grains
drastically reduce sensory characteristics and market value of maize grains. However,
discoloration is a complex biochemical process, it be avoided by adequate and timely
drying of maize grains before storage.

The main objective in any maize grains storage system is to preserve and maintain the
stored grains in a good condition with the view to avoiding quality and quantity
deterioration. However, farmers in Sub-Saharan African still adopt primitive storage
methods and techniques which are not effective to protect stored maize grains from
storage losses (Koment et al,. 2006). These storage methods are not effective to provide
protection from common storage loss agents such as insect pests, rodents and moulds.

Poor storage methods used in maize grain storage predispose the stored grains to
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conditions lead to contamination and pest damage, resulting in huge losses both in

quality and quantity.

2.9 STORAGE PESTS OF MAIZE GRAINS

In Sub-Saharan Africa, the greatest setback during maize storage is that it is susceptible
pests to attack, of which insect pests (Makate, 2010), moulds (Weinberg et al., 2009)
and rodents (IRRI & CIMMYT, 2009). The attack of stored maize by these pests is
associated with loss of millions of tonnes of maize quality as a result of reduction in the
nutrient content (Jood et al., 1992).

2.9.1 Insect pests of stored maize grains

The most important insect pests in Sub-Saharan African associated with maize storage
include the maize weevils (Sitophilus zeamais, Sitophilus oryzae and Sitophilus
granaries) and the larger grain borer (Prostephanus truncatus), and are known to cause
losses of 10-20% within 3 months and 40% within 6 months of storage respectively
(Lamboni & Hell, 2009; Boxall, 2002; Tefera et al., 2011). The infestation of maize by
these insect pests commences in the field, but most damage is done during storage
(Yuya et al., 2009). These storage pests impact negatively in significant maize grain
losses, in both quantity and quality in storage. The maize weevils and the larger grain
borer cause severe damages to maize by damaging the grains kernel through their
feeding and boring activities, making the kernels more susceptible to mould infestations
(Sallam, 1999).These storage insect pests reduce the nutritional value of stored maize
grains by feeding on the nutrient rich germ and the outer layer of the maize grain
kernels. Also, maize weevils and the larger grain borer (Sitophilus zeamais, Sitophilus
oryzae and Sitophilus granaries) and the larger grain borer (Prostephanus truncatus)

affect the quality of maize grains by contaminating the stored maize with their wastes,
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which may further results in interference with odour, colour and taste of the maize

grains, hence affect the quality (Wright, 2011).

2.9.2 Rodents

Rodents are another pest to stored maize. Three types of rodents are known to cause
significant losses in maize grains, both in quality and quantity. These are black rats
(Rattus rattus), brown rats (Rattus norvegicus) and house mice (Mussmus callus) (De
groote, 1996). Depending on their species, rodents are known to consume considerable
produce per day. It is estimated that about 15% of maize produced in Africa is lost to
rodents alone each year (Stenseth et al., 2003). According to Cao et al. (2002), rodents
make holes in storage containers, and through this create moisture problems in the
stored products and contaminate food grains with their excretions and hair. Rodents
consume the most nutritious parts of maize grains, thus, causing reduction in the protein

and vitamin contents of the grains.

2.9.3 Grain Protectants Used for Maize Grain Storage

2.9.3 1 Actellic super

Actellic super is a broad spectrum in insecticide of low mammalian toxicity with
stomach and contact fumigant activity against pests of stored grains. Actellic super
contains 0.3 % permethrin and 1.6 % pirimiphos methyl as the main active ingredients
(Dale & Golob, 1997). The pyrethroid compound in it effectively kills P. trucatus and
the pirimiphos methyl, being an organophosphate controls S. zeamis and other pest
populations when applied at the rate of 100 per 90 kg of maize. For shelled maize grains,

it is applied at 50 g for every 90 kg bag of grains.
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2.9.3.2 Phostoxin tablets

Phostoxin tablet is another effective fumigant for storing insect pests of stored maize
grains. Fumigation with phostoxin gas is done at the rate of 1-2 tablets per 100 kg of
grains. The tablet during its application is wrapped in piece of cloth or tissue paper
before it is placed inside container for storage, and treatment should be repeated after

4-6 months (Adejumo & Raji, 2007).

CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 INTRODUCTION
The research was conducted in two phases. The first phase was a survey research which
involved field observation and questionnaire administration and the second phase was
at the laboratory where storage experiment, determination of grain quality

characteristics, proximate and mineral composition analysis were done.

3.2 SURVEY

A preliminary field survey was conducted to sample views from maize producers on
maize storage methods used for storing maize grains. Areas in the Ejura-Sekyedumasi
Municipality where commercial production and storage of maize occur well were
identified. The survey targeted maize farmers in the Municipality who produce and

store maize.
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3.3STUDY AREA
The survey was conducted in the Ejura-Sekyedumasi Municipality in the Ashanti region

of Ghana.

3.4 PROFILE OF THE STUDY AREA

The Ejura-Sekyedumasi Municipality is located in the northern part of the Ashanti
region, and it shares boundries with Atebubu-Amantin District to the Northwest,
Mampong Municipality to the East, Sekyere South District to the South and Offinso
Municipality to the West. Ejura-Sekyedumasi Municipality is located within
Longitudes 1° 5W and 1°39°W and Latitudes 7° 9°N and 7°36’N. The municipal has its
capital at Ejura, which is located approximately 98 km Northwest of Kumasi, the capital
of Ashanti region (ESDA, 2008). It has a population of 101, 826 (GSS, 2010). The
municipality has a total land area of 1340.1 km? and constitutes about 7.3% of the
region’s total land area. The municipality has two rainfall patterns; bi-modal pattern in
the South and uni-modal pattern in the North. The main rainy season is between April
and November, and dry season span from October to March. It has an annual rainfall
which varies between 1,200 mm and 1,500 mm. Agriculture is the leading sector in
terms of employment and income generation in the municipality. Several types of crops
are produced in the municipality. Prominent among them are maize, yam, beans, rice,
plantain, cassava and groundnuts. Crops are grown mostly for subsistence purposes.
However, crops such as maize, beans and watermelon are produced mainly for

commercial purposes (Ghana Statistical Service, 2010).
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Figure: 3.1 Map of the study area

3.5 FIELD WORK AND DATA COLLECTION

A preliminary field survey was conducted in farming communities in
EjuraSekyedumasi Municipality in order to obtain first-hand information in areas where
farmers intensively produce and store maize. The field survey was done with the
assistance of trained extension personnels who resided in the municipality. The field

survey was then followed by identification and selection of communities for the study.

3.6 COMMUNITIES SELECTED FOR THE STUDY

Stratified sampling method was used to group the communities in the Municipality into
maize producing and non-producing areas. Purposive sampling technique was then used
to select twenty (20) communities in the Municipality where commercial production
and storage of maize normally occur for the study. The communities were:

Ejura, Sekyedumasi, Anyinasu, Hianwoanwu, Dromankoma, Frante, Kasei, Ejura

Nkwanta, Bonyon, Aframso, Osei krom, Drobon, Bemi beposo, Makyere akura,
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Teacher krom, Kyenkyenkura, Nyamebekyere, Miminaso no.2, Dukukrom Basare
akura and Sarkyikura. These communities were selected for the study because they are

major maize growing areas in Ejura-Sekyedumasi Municipality.

3.7 TARGET GROUP AND SAMPLE SIZE

The research study targeted only maize producers in the Municipality. A total of two
hundred (200) maize farmers were selected from the twenty (20) communities chosen
and used as the sample size for the study. Ten (10) maize farmers each from the 20

communities selected were randomly chosen to avoid bias.

3.8 METHODS

3.8.1 Questionnaire Design and Administration

Having conducted a preliminary survey in Ejura-Sekyedumasi Municipality between
the months of August and September, 2014, questionnaires were designed for
administration. Both closed and open-ended questions were structured and administered
to two hundred (200) maize producers selected from the municipality. The
questionnaires were administered by interviewing the selected respondents and writing
down the responses accordingly. Some of the major aspects captured in the
questionnaires included respondents background, years of experience in farming,
postharvest operations and practices in maize farming, storage structures and methods
used for storing maize grains, duration of storage, challenges encountered during

storage and farmers knowledge about postharvest losses.

3.8.2 Preliminary laboratory work
Samples of the most commonly grown improved maize variety Obatanpa, was then

purchased from the farmers. Samples of the maize grains were taken to Grains
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Development Board Unit of certified seed growers department under the Ministry of
Food and Agriculture, at Asuoyeboah, Kumasi for identification and also had the

moisture content determined.

3.9 LABORATORY EXPERIMENT AND EXPERIMENTAL SITE

The laboratory experiment mainly involved the storage of maize grains for a period of
4 months. The experiment commenced from December, 2014 to April, 2015. This was
carried out in the Laboratory of the Department of Horticulture, at the Kwame

Nkrumah University of Science and Technology, Kumasi.
3.9.1 Source of grain samples

Maize grain used for the laboratory experiment in the study was Obatanpa. Samples of
grains were sourced from a single farmer in one of those 20 maize growing communities

selected for the study during the field survey carried out.

3.9.2 Samples preparation and conditioning
In the laboratory, the grain samples were manually cleaned and sieved to any fluffy
material, for example debris, straw and stones. The grains were thoroughly fumigated

in order to any hidden infestation.

3.9.3 Baseline information

Prior to the commencement of the laboratory experiment, samples of the maize grains
were analyzed for parameters such as grain moisture, weight of 1000 grains, grain
damage per 200 grains, grain colour, grain odour and insect infestation. Also, the
following proximate compositions: carbohydrate content, crude protein, crude fibre
content, moisture content, crude fat content and mineral ash content were assessed. This

was done in the laboratory of Department of Horticulture, KNUST and Centre for
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Scientific and Industrial Research — Crop Research Institute (CSIR-CRI), Fomesua.
These data were used as the baseline reference for comparison with the studied

parameters which were evaluated on monthly bases during the study.

3.10 EXPERIMENTAL DESIGN AND TREATMENTS
The experimental design was 6 x 2 x 4 factorial laid in a Completely Randomized

Design (CRD) with three replications. The experiment had factors at different levels.

These were:
Factor: A, was storage method at six (6) levels which consisted of:
I. polypropylene sack ii.
jute sack iii. heap on
floor method iv. empty
plastic drum
v. triple-layer hermetic bag vi.

clay pot

Factor: B, two grain protectants which were: Actellic super and phostoxin
Factor: C, was storage durations in months at four levels which were:

i. 1 month ii.

2 months fiii.

3 months iv.

4 months.
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3.11 DESCRIPTION OF THE LABORATORY EXPERIMENT

The maize variety used for the study was Obatanpa. Obatanpa is an improved maize
variety released to farmers by the Ministry of Food and Agriculture, which was
identified as the most widely and commonly grown by farmers in Ejura-Sekyedumasi
Municipality. One eighty kilograms (180 kg) of Obatanpa was purchased from farmers
who were randomly selected for interview during the preliminary field survey carried
out. All the maize grains used was purchased from only one farmer. This was done in
order to eliminate variability which could be attributed to differences in production,
harvesting and postharvest handling method used. The initial moisture content of the
maize variety used for the experiment was 12.8%. The triple-layer hermetic bags,
Actellic super and the Phostoxin were procured from Wompene Chemicals, a private
based agrochemical shop in Tamale in the Northern region of Ghana. The clay pots,
polypropylene sacks and the plastic drums were also purchased from shops in Central
Market, Kumasi in the Ashanti region of Ghana. Five (5) kilograms Obatanpa was put
in each of the six storage methods for storage. Actellic

Super, 5 mg/5 kg of grains was applied in each treatment. Similarly, 0.25 g of Phostoxin
was wrapped in a piece of cloth and placed inside 5 kg of maize grains stored in each
method. All the storage methods were tightly sealed with ropes, except the heaping on
the floor and stored under ambient conditions for a period of four (4) months from

December, 2014 to April, 2015.
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Plate 3.1: Plastic Drum Plate 3.2: Clay Pot

Plate 3.3: Jute Sack Plate 3.4:
Polypropylene Sack
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Plate 3.5: Triple Hermetic Bag Plate 3.6: Heap on floor

3.12 PARAMETERS STUDIED AND DATA COLLECTION

Data was collected on the following parameter assessed during and after the study:
Percentage weight loss per 1000 grains, percentage grains damage per 200 grains, grain
colour change, grain odour change, number of live insects per kilogram of grains
responsible for grain damage, moisture content, storage temperature and relative
humidity, moisture content and proximate composition analyses which included total
carbohydrate content, crude protein content, crude fibre content, mineral content, ash

content and moisture content using AOAC (2000) methods.
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3.12.1 Weekly Determination of Storage Environment Temperature and Relative
Humidity

The ambient storage temperature and relative humidity in the storage environment was
measured on weekly basis in the course of the study with the aid of portable digital

thermo-hydrometer (EXTECH 44550 Pocket Humidity, made in China) at 3:00 pm.

3.12.2 Monthly Determination of Grain Moisture Content (%)

The grain moisture content was determined in each grain sample by drying a 2 g sample
in a thermostatically controlled oven (Gallenkamp, model OV 880, made in

England) at 105°C for 5 hours till to constant weight. The procedure of AACCC (2000)
method No. 44-15A was followed for the determination of moisture in each sample.
The moisture content of the grain samples was determined on a weight basis

using the formula below: Moisture content (%) =

Weight of grain sample —weight of dried grain sample x 100.

Weight of the grain sample
3.12.3 Determination of Change in Weight per 1000 Grains

Destructive sub-samples of grains were taken randomly from each treatment and
assessed for weight loss every one for a period of 4 months. Two hundred grams of
grains were accurately weighed using a weighing scale (Camry model, made in China).
The weight and number of insect damaged and undamaged grains were assessed and
used to determine the percentage grain weight loss using the method described by

Gwinner et al. (1996).

Weight loss (%) = UNd — DNu x 100/U (Nd + Nu).

Where U = weight of undamaged grains; D = weight of insect damaged grains; Nu =

number of undamaged grains and Nd = number of damaged grains.
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3.12.4 Determination of Grain Colour Change
Colour changes of maize grains in each storage method was carefully monitored
observed on monthly basis using a modified scale developed by Ogendo et al.,(2004).

The scale used had scoring scale of 1- 5 as follows:

i. No detectable change, grain is naturally white with a few yellow/ red grains.

ii. Slight changes, which is < 5% from natural white/yellow/red to light brown. iii.
Moderate change, > 5 to 30 % from natural white/yellow/red to light brown iv. Great
change, thus, 30 to 50 % from natural white/yellow/red to dark brown.

v. Highly significant change, thus, > 50% making grain unacceptable for human

consumption.

3.12.5 Determination of Grain Damage per 200 Grains

Insect damage grain was determined by the counting method as described by
Wambugu et al. (2000). Monthly destructive samplings of 200 grains were randomly
taken from each storage method, and the number of grains damaged by insect pests was
manually counted. Grains with emergence holes were counted as damage, and the
percentage grain damage was calculated with the help of the formula,

% GD = D1/D2 X 100, where D1 is the number of grains with holes and D2 is the total

number of grains counted.

3.12.6 Determination of Number of Insects per Kilogram Of Grains
A procedure devised by Chikuku et al. (2011) with modification was used to estimate
insect infestations in the experiment. A kilogram (1 kg) of maize grains was randomly

weighed from each storage method using a weighing scale (Camry, made in China) and
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thoroughly sieved out insects within the grains. Insects obtained from the sieved grains

were manually counted and recorded after one month for a period of 4 months.

3.12.7 Grain Odour Change Determination
The change in grain odour due to the effects of chemicals and storage methods used
was assessed for every month for four months. This was done using a scoring scale
devised Ogendo et al., (2004). The following were the scales used to determine the
change in grain odour:

1) No difference in grain odour

2) Grain has little offensive odour

3) Grain has moderately offensive odour

4) Grain has offensive odour

5) Grain has very offensive odour
3.12.8 Proximate Composition Analysis of Grain Samples from each Storage

Method

The proximate composition analysis which included total carbohydrate content, crude
protein content, crude fibre content, mineral content, ash content and moisture content
of samples of grains from each storage method was carried out the standard methods

recommended by AOAC (2002).

3.12.8.1 Determination of grain moisture content

The moisture content was determined by weighing hundred grams (2 g) of grain
samples from each storage method into a previously cleaned, dried and weighed glass
crucible. The glass crucible together with its content was put into a thermostatically

controlled oven (Gallenkamp, model OV 880, made in England) at 105°C for 5 hours.
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The sample was then reweighed after it was cooled in a desiccator. The moisture content
was then expressed as percentage of the dry weight using the formula,

% moisture content = Weight of grain sample —weight of dried grain sample x 100.

Weight of the grain sample

3.12.8.2 Ash content determination

A dried sample of 10 g was weighed into a dry and previously weighed porcelain dish
and then placed in a muffle furnace for heating at 600°C for 6 hours for ashing. It was
later cooled in a desiccator and then weighed. The percentage ash content was

determined as:

% Ash == Weight of ash x 100.

Weight of sample

3.12.8.3 Determination of crude fat content

Ten (10 g) of grain sample dried for the determination of moisture content was weighed
and transferred into a paper thimble, which was plugged at the opening with cotton
wool and then placed into a thimble holder. The thimble was transferred into a
Soxhlet extractor and petroleum ether was weighed into a dried and weighed flask. The
extraction flask was placed on low heat on a heating mantle for 3 hours. The flask was
then removed and the solvent evaporated on a steam bath. The flask with the fat was
again heated at100°C for 20 minutes in an oven, and cooled in desiccators and weighed.
The fat produced was determined and expressed as percentage of original sample.

Thus, % Fat = Weight loss of sample (extracted fat)

Sample weight
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3.12.8.4 Determination of crude protein content

Ten grams (10 g) of maize samples from each storage method was weighed into a
digestion flask with small amount of potassium sulphate and mercuric oxide. Twenty
five (25ml) concentrated sulphuric acid was added to the samples in the digestion flask
and the contents were well shaken until the whole samples were thoroughly wet. The
flask was placed on digestion burner in a fume chamber and heated till the solution
became clear. The resulting solution was then cooled at room temperature and the
digested sample solutions transferred into a 100ml volumetric flask and topped up to
the mark.

The distillation apparatus was flushed with distilled water for 10 minutes, and 25ml of
boric acid was poured into a 250 ml conical flask and 3 drops of mixed indicator added,
changing the solution pink. The conical flask together with its content was placed under
the condenser with the tip of the condenser totally immersed in boric acid solution.
10ml of the digested sample solutions and about 40% solution of NaOH was transferred
into the decomposition flask and the funnel stopcock well closed. The ammonia (NH3)
liberated during the distillation process which was absorbed on boric acid was titrated
against 0.1M hydrochloric acid (HCI) until the solution changed from bluish green to
pink. The end point was noted and the titre values obtained were used to calculate the

total nitrogen and the percentage crude protein as:

Volume of acid x Molarity of standard acid x 0.014 x 100
0% N = Weight of sample (g)

% Crude protein content = nitrogen content x 6.25
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3.12.8.5 Total Carbohydrate
The total carbohydrate was determined by differential method. This was done by
subtracting the total protein, lipid, moisture and ash content from 100. Thus, %

carbohydrate — (% moisture + % ash + % fat + % protein + % fibre

3.13 DATA ANALYSIS

The analysis of data was done in two ways. The data collected on the field survey
conducted was analysed with Statistical Package for the Social Sciences (SPSS)
Version 16.0.

Laboratory data was analysed using Statistix 9.0 software (Student Edition) and the
means for significant factors were compared using Tukey Highest Significant

Difference (HSD) test and significance was accepted at 1%.

CHAPTER FOUR
4.0 RESULTS

4.1 INTRODUCTION

This chapter presents the findings, analysis and the interpretations of the research
conducted. The first section of this chapter constitutes the socio-demographic
characteristics of respondents. The socio-demographic characteristics presented here
are gender, age, educational levels of respondents, level of production, storage methods
adopted and general knowledge on postharvest losses and control measures in maize
production. The analysis of the socio-demographic characteristics has been summarized
in tables, charts and in graphs. A total of 200 farmers and producers who were randomly
selected from twenty maize producing communities in Ejura Sekyeredumasi Municipal

were involved in completing questionnaires to ascertain background information.
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The second part of this chapter gives the results of postharvest quality characteristics
of maize grains conducted in the laboratory. It also contains results of proximate

analysis conducted.

4.2. BASELINE SURVEY

4.2.1 Gender distribution of Respondents

Data on the sex of two hundred (200) respondents that were interviewed showed that
males dominated in the production of maize with 78.5% against 21.5% of the females
(Table 4.1). This implies that males the majority of farmlands are owned by males,

hence dominated in the production of maize in the municipality.

Table 4.1: Gender Distribution of Respondent

Gender Frequency  Percentage  Valid Percent Cumulative
MALE 157 78.5 78.5 78.5
FEMALE 43 21.5 215 100.0
Total 200 100.0 100.0

4.2.2 Ages of Respondents

The ages of respondents ranged from 18 years to 50 years and above. The results
showed that majority of respondents (46.5%) in the study area were between 31- 40
years while the least (6%) were above 50 years old. Also, 33.5% of the respondents

were between 41-50 and 14% between 30 years, (Table 4. 2). This implies that majority
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of the respondents were in their youthful and productive ages, hence greater

participation in maize production.

Table 4.2: Ages of Respondents

Ages (years) Number of respondents Percentage (%)
18 - 30 28 14.0

31-40 93 46.5

41 -50 67 33.5

Above 50 12 6.0

Total 200 100

4.2.3 Educational background of Respondents
Regarding educational level, majority of the respondents (51%) had no formal
education, 39% basic education, 8.5% secondary education and the remaining 1.5%

tertiary education.

Table 4.3: level of education of respondents

Level of education Frequency Percent Valid Percent Cumulative
No formal education 102 51.0 51.0 51.0
Basic education 78 39.0 39.0 90.0
Secondary 17 8.5 8.5 98.5
Tertiary 3 1.5 1.5 100.0
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Total 200 100.0 100.0

4.2.4 Farming experience of Respondents
The study revealed that majority of the farmers (58.8%) had practiced farming between
6- 10 years and the least percentage of farmers (11%) had between 1-5 years’

experience in farming (Table 4.4).

Table 4.4: Farming experience of respondents

Experience in farming Frequency Percent Valid Percent Cumulative
1-5years 22 11.0 11.0 11.0

6 — 10 years 117 58.5 58.5 69.5
Above 10 years 61 30.5 30.5 100.0
Total 200 100.0 100.0

4.2.5 Farm sizes of Respondents
Table 4.5 shows that majority of the respondents (75%) used 6-10 acres of land for
production of maize while about 16% had access to 1-5 acres of land. Also, 9% of the

farmers used more than 10 acres of land for cultivation of maize.

Table 4.5: Farm sizes of respondents

Farm size (acres) Frequency Percent Valid Percent ~ Cumulative
1-5 acres 32 16.0 16.0 16.0
6 — 10 acres 150 75.0 75.0 19.0

40



Above 10 acres 18 9.0 9.0 100.0

Total 200 100.0 100.0

4.2.6 Varieties of maize grown by respondents
Though a number of maize varieties are grown in the study area, the survey revealed
that Obatanpa was commonly grown by majority (59%) of the sampled farmers

followed by Mamaba variety (32%) as shown in Table 4.6.

Table 4.6: Most popularly maize varieties produced by respondents

Maize variety  Frequency  Percent Valid Percent Cumulative Percent

Mamaba 65 32.5 32.5 32.5
Obatanpa 118 59.0 59.0 91.5

Others 17 8.5 8.5 100.0
Total 200 100.0 100.0

4.2.7 Forms of maize storage
The survey results indicated that 67% of respondents stored their maize grains in shelled
form, 21.5% stored maize in dehusked cob, while 11.5 % stored maize in undehusked

cob as shown in table 4.7.

Table 4.7: Forms of maize storage practised by respondents

Forms of maize storage Frequency Percent Valid Percent Cumulative

Dehusked cob 43 215 21.5 21.5
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Shelled grains 143 67.0 67.0 88.5

Undehusked cob 23 115 115 100.0

Total 200 100.0 100.0

4.2.8 Reasons for forms of storing maize

Various reasons were given by respondents for storing maize in different forms.
63.5%) of the respondents indicated that such forms of maize storage saved space, 31%
said they prevent pest infestation during storage while 5.5% gave other reasons (Table

4.8).

Table 4.8: Reasons for forms of maize storage practised by respondents

Reasons for choice of

Form of maize storage Frequency Percent Valid Percent Cumulative
Save space 127 63.5 63.5 63.5
Prevent pest infestation 62 31.0 31.0 94.5
Other reasons 11 55 55 100.0
Total 200 100.0 100.0

4.2.9 Commonly used methods of maize storage adopted by Respondents Table 4.9
shows the various commonly used storage methods for storing maize grains in the study
area. Eight storage methods; jute sack, clay pot, crib, plastic drum, triple bag, heaps on
floor, polypropylene sack and over kitchen fire were identified and adopted by the
respondents for storing their maize grains. A greater percentage (30%) of the
respondents stored maize grains in polypropylene sacks, 20% stored in jute sacks,
13.5% stored in plastic drum, 2.5% stored in crib, 6% stored in clay pot, 8.5% stored

over fire, 7% stored in triple-hermetic triple bag while 16% stored by heaping the maize
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grains on the floor. The most commonly used ones are the polypropylene jute sacks

and least preferred ones are the crib and the triple bag.

Table 4.9: Storage methods used by respondents for storing maize

Storage method Number of Respondents Percentage (%)
Polypropylene sack 60 30
Jute sack 40 20
Plastic drum 27 13.5
Clay pot 12 6.0
Over kitchen fire 17 8.5
Heap on floor 32 16.0
Crib storage > 2.5
Triple sack 7 35
Total 200 100

4.2 .10 Duration of maize grain in storage methods

The survey findings indicated that majority (48%) of the respondents estimated the
storage duration of their maize grains to be 4 months whilst 32.5% of the respondents
estimated theirs to be 3 months. The rest of the respondents stored their maize in less

than 3 months.

Table 4.10: Duration of maize in storage
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Duration of maize in storage (In months) Frequency Percent Valid

Percent Cumulative

1 month 2 1.0 1.0 1.0

2 months 7 3.5 35 4.5

3 months 65 325 325 37.0
4 months 96 48.0 48.0 85.0
Above 4 months 30 15.0 15.0 100.0
Total 200 100.0 100.0

4.2.11 Pre- storage treatments used by respondents for maize storage
A relatively greater percentage (63.5%) of the farmers did not apply any agrochemical
to their maize prior to storage as postharvest treatment whilst 36.5% applied agro-

chemical treatment before storing their produce (Table 4.11).

Table .11: Pre-storage treatment used by Respondents

Means of treatment Frequency Percent  Valid Percent Cumulative

1 2. 13: Stages in postharvest losses of maize grains in the study area
The majority of the respondents (46.5%) attributed postharvest losses of maize in the

study area to storage, 38% of the complained of maize due to several factors other
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Chemical treatment 73 36.5 36.5 36.5

No chemicals 127 63.5 63.5 100.0

Total 200 100.0 100.0

4.2.12 Chemicals used by Respondents as pre-storage treatment

From the survey conducted, Actellic super and phostoxin were identified as the main
chemicals farmers apply on their maize grains as postharvest treatment before storage.
Among all the farmers interviewed, 19% apply Phostoxin whilst 10.5% Actellic Super

as chemical treatments during storage as shown in Table 4.12.

Table 4.12: Chemicals used by respondents as pre-storage treatments during

maize storage

Chemical used for storage Frequency Percent Valid Percent Cumulative Percent

Acetellic super 21 10.5 28.8 28.8
Phostoxin 38 19.0 52.1 80.8
Others 14 7.0 19.2 100.0
Total 73 36.5 100.0

Total 200 100.0

than storage, 12% of them to inadequate drying before storage while only 3.5% of the

respondents attributed losses to shelling (Table 4.13).

Table 4.13: Stages in postharvest losses of maize grains in the study area
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Losses in maize  Frequency Percent Valid Percent Cumulative Percent

Drying 24 12.0 12.0 12.0
Shelling 7 3.5 3.5 15.5
Storage 93 46.5 46.5 62.0
More than one 76 38.0 38.0 100.0
Total 200 100.0 100.0

4.2.14 Challenges farmers faced during storage

Table 4.14 shows that 61.5% of the respondents indicated that pest infestations was the
major challenge encountered during storage of maize grains, 11% of the respondents
complained of a high build of temperature in stored maize grains as a result of storage
method used. Also, about 9% of respondents reported of change in colour of maize
grains, 6% of the respondents experienced mouldy grains, 8.5% of respondents
complained that maize grains normally experienced bad odour, while only 4% of them

reported of no noticeable effect during storage.

Table 4.14: Challenges faced during storage periods

Storage challenge Frequency Percent Valid Percent Cumulative
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Pest infestation 123 61.5 61.5 61.5

Temperature build up 22 11.0 11.0 72.5
Colour change 18 9.0 9.0 81.5
Moulding 12 6.0 6.0 87.5
Change in odour 17 8.5 8.5 96.0
No noticeable effect 8 4.0 4.0 100.0
Total 200 100.0 100.0

4.2.15 Ways of managing and reducing postharvest losses and challenges during
storage

Majority (35.5%) of the respondents indicated that the use of good storage methods was
important in minimizing storage losses. Twenty percent (20%) of the respondents
mentioned that the use of effective storage methods, adequate drying and chemical
treatment of grains prior to storage were major ways of reducing postharvest losses.
Fifteen percent (15%) of the respondents claimed that proper drying of maize before
storage would help reduce postharvest losses of maize in storage, whereas 15%, 6%,
2.5% and 6% of the respondents were of the view that the training of farmers on
postharvest losses of produce, proper use of chemicals, the use of resistant varieties and
selling of produce immediately after harvest respectively would greatly reduce

postharvest losses in maize.

Table 4.15: Ways of managing and reducing postharvest losses and challenges during
storage
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Ways of managing
postharvest storage

challenges Cumulative
Frequency Percent Valid Percent Percent
Proper drying 30 15.0 15.0 15.0
Good storage 71 35.5 35.5 50.5
Training on postharvest 30 15.0 15.0 65.5
losses
Proper use of chemical 12 6.0 6.0 71.5
Use of resistant variety 5 2.5 2.5 74.0
More than one 40 20.0 20.0 94.0
Sell produce immediately 12 6.0 6.0 100.0
Total 200 100.0 100.0

4.3 BASELINE INFORMATION ON GRAIN QUALITY AND RESULTS OF
LABORATORY WORK

4.3.1 The Initial Grain Quality of Obatanpa Maize Variety Used for the
Experiment

The maize grains used for the study was obtained from farmers in Ejura-Sekyedumasi
municipality. The grains used were very wholesome. Prior to the commencement of the
laboratory set-up, the following grain quality parameters assessed: grain colour, grain
odour, moisture content, weight in gram of 1000-grain, percentage damage of per 200
grains and number of insect pests per kilogram of grains in the laboratory of the
Department of Horticulture, Kwame Nkrumah University of Science and Technology,
Kumasi. This was done to serve as a baseline reference for comparison during

subsequent assessment of those parameters in the course of study.
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The initial moisture content of the grains used was 12.8%, with 1000-grain weight of
296.8 g and showed no evidence of pest damage. No live insect pests were also
observed. The grain colour and odour record scale of 1 based on the scale used, which
indicated no detectable change in grain colour with grain naturally white with a few
yellow/red grains for colour, and no difference in grain odour for odour. Also,
proximate composition analysis was carried out and the result is shown in the Table:

4.16.

Table 4.16: Proximate composition of pre-stored grains

Nutrient Carbohydrate Protein Ash Fat Moisture  Fibre
element (%) (%) (%) (%) (%) (%)
Value 78.68 11.13 1.73 4.00 1.94 2.52

Source: Field work

4.3.2 Ambient Temperature and Relative Humidity of the Storage Environment
The ambient temperature of the storage environment recorded during the storage period
range from 25.5°C to 31.2°C, with a mean value of 29.01 while that of the relative
humidity range from 59 to 71%, with a mean value of 66.11% (Table:4.17). An
increasing upsurge trend was observed in ambient temperature from December, 2014
to February, 2015 to reach a maximum level of 31.2°C, and then decreased gradually
to a minimum value of 28.5°C in March, 2015. Also, the relative humidity experienced
an increasing trend in December, 2014 from 59 % to 70 % in January,

2015 (Table 4.17). It then decreased to reach a minimum level of 62 % in February,

2015, for which it again increased to 71 % and continued to fluctuate to reach a
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maximum level of 71 %.The ambient temperature and relative humidity of the storage

environment were in a range of 25 °C — 31.2°C and 59 % - 71 % respectively.

Table 4.17: Ambient temperature and relative humidity of the storage

environment

Storage periods (in days) =~ Temperature (°C)  Relative humidity (%)

1 25.5 59

8 27.2 68
15 28.8 70
22 29.5 70
29 28.8 64
36 29.1 62
43 30.4 67
50 311 62
57 31.2 e !
64 28.3 65
71 29.1 69
78 28.1 65
85 28.5 68
92 28.6 61
99 29.4 63
106 30.3 65
113 28.7 70
120 29.5 74

Mean 29.01 66.11

4.3.3 Effect of Storage Method on Postharvest Quality Characteristics of Stored
Grains

The results of effects of storage methods on postharvest quality characteristics of stored
maize grains are presented in Table 4.18. It was observed that percentage weight loss
(g) of 1000-grain, grain moisture content, percentage grain damage per 200-grain, grain
colour and odour changes and number of insects pest per kilogram of grains were
significantly (p=0.01) affected by the type of storage method in which grains were

stored. The comparison of storage methods indicated that significantly highest mean
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percentage weight loss, grain damage, grain moisture content and number of insects
pest per kilogram of grains were observed in grain stored in heaping of floor,
polypropylene sack, clay pot and jute sack and lowest values were observed in plastic
drum and hermetic triple-layer sack storage methods. Changes in grain colour (4.00
score) and odour (3.00 score) were significantly higher in grains stored in heap on the
floor than triple-hermetic bag, plastic drum, jute sack and polypropylene sack. Grains

stored in heaping on floor had higher moisture content (15.53%).

Table 4.18: Effects of storage methods on postharvest quality characteristics on

stored grain quality

Storage % Weight % grain % Colour % Odour % Moisture Number of
Methods loss damage change change content  live insects
Triple bag 576e 14.75f 175c 150 b 13.60 ¢ 8.75f
Plastic drum 7.38d 23.00e 225bc 2.50 ab 1390c 1450e
Jute sack 10.31c¢  29.50d 2.25bc 2.75a 1470b  28.75d

Polypropylene sack 10.98b  32.75c¢c 3.25ab 3.00a 14.73b 30.50c
Clay pot 798d 41.38b 3.75a 3.25a 14.10bc 39.50 b

Heap of floor 1462a 46.13a 4.00a 3.00a 1553a 40.50a

*Means in column followed by the same letter (s) are not significantly different (P=0.01) using

Tukey HSD. % = percentage

4.3.4 Effect of Storage Period on Postharvest Grain Quality Characteristics Grain

storage period had a significant (p=0.01) influence on grain moisture content, weight
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loss of 1000-grain, grain damage per 200 grains, grain colour change, grain odour
change and insect pest infestation/kg of grains (Table: 4.19). Changes in grain colour
and odour, percentage weight loss of 1000-grain and percentage grain damage per 200-
grain increased with an extension of storage period. An increasing pattern in number of
insect pests/kg of grain infestation was recorded during the whole storage period and
the maximum (11.92%) value of infestation was recorded at four (4) months of storage.
Similarly, grain moisture content increased during the first one (1) month of storage

and continued to increase till 4 months of storage (14.05%).

Table 4.19: Effects of storage period (in months) on postharvest quality

characteristics of stored maize grains

Storage % Weight % Grain % Moisture % colour 9% Odour Number of live
Duration loss damage content change change insects

1 1.40d 19.83d 12.48 c 1.58c 142c 6.75d

2 3.06¢c 29.00c 13.68 b 1.75 bc 1.83Db 8.58 ¢

3 7.14Db 34.42b 14.00ab 2.00b 250 a 10.41b

4 10.44 a 41.75a 14.05 a 2.58 a 2.67 a 1192 a

*Means in column followed by the same letter (s) are not significantly different at

(P=0.01) using Tukey HSD

4.3.5 Effect of Chemical Treatment on Postharvest Quality Characteristics of
Stored Maize Grains
From Table 4.20, grain protectants applied varied significantly moisture percent of

maize grains stored. During the four months storage period, maize grains treated with
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Phostoxin had the lower moisture percent while that treated with Actellic Super dust

had the higher moisture percent.

Table 4.20: Effect of chemicals used on postharvest harvest quality characteristics

of stored maize grains

Chemicals % Weight  %Grain % Colour % Odour % Moisture Number of live

Used loss damage change change content insects
Actellic super  4.61a 6.69 a 2.00a 2.13a 9.58a 13.60 a
Phostoxin 459 a 6.66 a 1.96 a 2.08 a 9.25b 13.50 a

*Means in column followed by the same letter (s) are not significantly different

(P=0.01) using Tukey HSD

4.3.6 Interactive Effect of Storage Method and Storage Period on Stored Grain
Quality

The interactive effect of storage method and storage period on percentage weight loss,
moisture content, grain damage, colour change, odour change and number of insect
pests/kg showed significant difference (Table 4.21). Percentage weight loss of 1000grain
(21.29%), grain damage (89.50%) and the number of insects pest

infestation/kilogram of maize grains were significantly higher in grain samples taken
from heaping on floor (Hfm * m4) at 4 months of storage of storage while the lowest
values of 4.81%, 15% and 7%, respectively were observed in hermetic triple-layer sack
(Tbm *m4) at 4 months of storage. The minimum grain moisture content was (13.20%)
was detected from grains stored in hermetic triple-layer sack (Tbm*mZ1) at 1 month of
storage. Grains stored in heaping on floor at 4 months of storage (Hfm* m4) had a

modal score of 5, indicating that grain had highly significant change making grain
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unacceptable of human consumption whereas grains stored in hermetic triplelayer sack

at 1 month (Tbm*m1) had the least modal score of 1, indicating grain had no detectable

change in colour (Table 4.21).

Table 4.21: Interaction effects of storage methods and storage period on grain

quality

Sources of % Weight — % Moisture % Grain % Colour % Odour  No. of live
Variation loss content grain damage  change change insects
Hfm* m1 7.65 hijk 14.10 cdefg 78.50 e 3.00 abc 2.00 ab 19.00 j
Hfm* m2 10.78 ef 15.20 abcd 81.00 d 4.00 ab 2.00ab 37.00f
Hfm* m3 18.76 b 16.50 abc 83.50 c 4.00 ab 4.00 a 49.00 c
Hfm* m4 21.29 a 16.80 a 89.50 a 5.00 a 4.00 a 57.00 a
Pym*m1 7.74 hijk 13.70 defg 78.50 e 3.00 abc 2.00 ab 16.00 kI
Pym*m2 9.13 gh 14.40 bcdefg 57 .00 k 3.00 abc 2.00 ab 22.00i
Pym*m3 11.89 de 14.90 bcdef 66.00 i 3.00 abc 4.00a 37.00f
Pym*m4 15.16 ¢ 15.90 abc 75.00 f 4.00 ab 4.00a 47.00 d
Jm *ml 8.02 hijk 13.90 defg 57.00 k 1.00c 2.00 ab 19.00 j
Jm *m2 9.09 gh 14.90 bcdef 62.00 j 2.00 bc 3.00ab 24.00 h
Jm *m3 10.89 ef 14.90 bcdef 62 .00 j 3.00 abc 3.00ab 31.00¢g
Jm *m4 13.30d 15.10 bcde 69.00 h 4.00 ab 3.00 ab 41.00 e
Clm* ml 5.55Im 13.30 fg 72509 3.00 abc 3.00 ab 25.00 h
Clm *m2 7.44 ijk 15.00 bcdefg  75.00 f 4.00 ab 3.00 ab 32.00¢
Clm *m3 9.02 ghi 14.20 cdefg 81.00d 4.00 ab 3.00 ab 46.00 d
Clm* m4 9.91 fg 13.90 defg 86.00 b 4.00 ab 4.00a 55.00 b
Pdm* m1 5.52 jm 13.70 defg 26.00m 1.00c 1.00 b 10.00 n
Pdm *m2 8.56 ghijk 13.90 defg 26.00 m 2.00 bc 3.00ab 16.00 kI
Pdm*m3 8.56 ghijk 14.30 cdefg 26.00 m 3.00 abc 3.00ab  17.00k
Pdm*m4 6.83 Ik 13.90 defg 29.50 1 3.00 abc 3.00ab  15.001
Thm*m1 414 m 13.20¢g 19.00 0 1.00c 1.00b 6.00 0
Thm*m2 7.37 jk 13.90 defg 23.00n 2.00 bc 1.00b 10.00 n
Thm*m3 6.73 kl 13.90 defg 19.50 0 2.00 bc 1.00b 10.00 n
Thm*m4 481 m 13.40 efg 15.00 p 2.00 bc 1.00b 7.000

*Mean In columns followed by the same letters are not significantly different at P=0.01

using Tukey HSD. Hfm=Heap on floor, Pym=polypropylene sack, Jm=Jute sack

method, Pdm=Plastic drum, Tbm=Triple bag, ml=first month, m2=second month,
m3=third month, m4=forth month
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4.3.7 Interaction Effect between Storage Method and Chemical Treatment on

Grain Quality

Storage method and chemical treatments showed a significant (P=0.01) influence on
grain quality characteristics at the end of 4-months storage period. The results indicated
that maximum percentage mean weight loss (11.41%) was recorded in grains stored in
heaping of floor with Phostoxin treatment (Hfm * Px) and was not significantly
different from that recorded (11.36 %) in grains stored in heaping of floor with Actellic
Super treatment (Hfm *Ac), followed by grains stored in polypropylene sack with
Actellic Super treatment (Pym *Ac) (8.20%) as shown in Table 4.22, whereas
percentage weight loss was minimum (1.25%) in grains stored in hermetic triple-layer
sack with Phostoxin treatment (Tbm * px) which was similar to that recorded (1.56 %)
in grains stored in hermetic triple-layer sack with Actellic treatment (Tbm * Ac). Also,
a significantly higher percentage grain damage (14.13%) was observed in grains stored
in heaping on floor with Phostoxin treatment (Hfm * Px) as compared to grains stored
in hermetic triple-layer sack with Phostoxin treatment (Tbm * px) which showed lowest
(2.50%) (Table: 4.22). Grains from the hermetic triple-layer sack treated with Phostoxin
(Tbm * px) recorded the lowest mean percentage moisture of 12.73% while the grains
treated with Phostoxin and stored in heaping on floor (Hfm * Px) recorded the highest
mean percentage moisture of 14.18% which was not significantly different from that of
the heaping on floor combined with Actellic treatment (Hfm *Ac) mean value of
14.15%. There was also highly significant difference (p=0.01) in the number of insects
pest infestation/kg of grains from the interaction between storage method and chemical
treatment. Heaping on floor combined with Phostoxin treatment (Hfm * Px) had the

highest (18.75%) number of insects pest infestation/kg of grains whereas hermetic
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triple-layer sack combined with Phostoxin (Tbm * px) recorded the least (2.50%)

number of insects pest infestation/kg of grains (Table 4.22).

Interaction between storage methods and chemical treatments significantly (p=0.01)

showed differences in grain colour and odour. The results in Table 4.22 shows that

grains treated with Phostoxin and stored in heaping on floor (Hfm * Px) recorded a

modal score of 2.75%, which indicated a slight change in grain colour while that of

grains treated with Phostoxin and stored in hermetic triple-layer sack (Tbhm * px)

recorded a modal score of 1, which indicated no detectable change in colour.

Table: 4.22: Interaction Effect between storage method and chemical on grain

quality.

Sources of % Weight Grain Moisture Colour Odour No. of live insects
Variation loss damage % content % change % change %

Hfm * Px 1141a 14.13 a 14.18 a 2.75a 3.00a 18.75 a
Hfm *Ac 11.36 a 13.63 a 14.15a 2.50a 3.00a 16.75b
Pym *Px 7.23¢C 825D 13.75 ab 2.25ab 2.25b 11.50 cd
Pym *Ac 8.20b 7.25¢ 13.83 ab 2.25ab 2.25Db 12.00 ¢
Jm * Px 6.30d 6.00 de 13.65 ab 2.00 ab 2.00b 9.75¢
Jm* Ac 6.99cd 6.25cd 13.73 ab 2.00 bc 2.00b 11.00d
Clm*Px 352e 5.13f 13.33 bc 2.25ab 2.00b 6.75 fg
Clm *Ac 2.79ef  5.38ef 13.40 bc 2.25ab 2.00b 7.25f
Pdm * Px 2.33f 4009 13.38 be 1.50 bc 1.25¢ 6.25¢
Pdm * Ac 2.79ef  4.25¢ 13.38 bc 2.00 ab 125¢ 7.25f
Thm * px 1.25¢ 2.50 h 12.73 ¢ 1.00c 2.00b 2501
Thm* Ac 156 g 3.00 h 13.15 bc 1.00c 1.75 bc 3.25h

*Means in column followed by the same letter (s) are not significantly different

(P=0.01) using Tukey HSD. Hfm = Heap on floor, Pym=polypropylene sack, Jm=

Jute sack, CIm=Clay pot method, Pdm=Plastic drum, Tbm=Triple bag, Ac=Actellic

super, %= percentage

56



4.3.8: Interaction Effect between Chemical and Storage Period on Stored Grain

Quality

The interaction effect between storage period and chemical significantly (p=0.01)

varied percentage weight loss, moisture content, damaged grains, colour and odour

changes and number of live insects that caused grain damage (Table 4.23). In all period

of storage, grains treated with both phostoxin and actellic observed increased in

reduction in parameters assessed as the storage duration progressed. In both chemical

treatments, phostoxin recorded the minimal values than actellic.

Table 4.23: Interaction effect of chemical and storage period on grain quality

Sources of % weight % moisture % grain Grain Grain Number
Variation loss content damage colour odour of life
(%) (%) insects
Px* ml 1.42d 12.45b 4.67 e 1.67 bc 1.50b 7.00e
Px* m2 284 c 13.68 a 5.75d 1.67 bc 1.67 bc 8.67d
Px * m3 6.89b 13.95a 7.92 be 1.83 bc 2.50 a 9.83¢c
Px * m4 10.23 a 13.92 a 8.33 ab 2.76 a 2.76 a 11.50 b
Ac*ml 1.38d 1250 b 4.83 e 1.50c 1.33b 6.50 e
Ac * m2 3.29¢ 13.68 a 5Q-5-¢l 1.83 bc 1.83b 8.50 d
Ac * m3 7.40b 14.05 a 750 c 2.17 ab 2.50a 11.00 b
Ac* m4 10.66 a 14.18 a 8.67 a 2.50a 2.67 a 12.33a

*Means in column followed by the same letter (s) are not significantly different

(P=0.01) using Tukey HSD. Px = phostoxin, Ac= Actellic super, m= month, *=

combined with, %= percentage, m1= month 1, m2 = month 2, m3 = month 3, month4

= month 4, No. = number.
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4.3.9 Interaction Effect of Storage Methods, Chemicals and Storage Period on
Grain Postharvest Quality Characteristics

The interaction effect of storage method, chemical treatment and storage period on grain
postharvest quality characteristics is presented in Table 4.24. Storage method, chemical
treatment and storage period interaction significantly (P=0.01) varied grain moisture
content, percentage damage, number of insect pests that caused damage to stored grains,
changes in grain colour and odour. The treatment effects were highly significant at
month m3 (90 days) and m4 (120 days) periods of storage. Grains treated with Px and
stored in Hfm for m4 had consistently higher (15.00%) percentage increase in moisture
content. Also, the results indicated that the percentage grain damage significantly
differed. Lowest in mean (2.00%) percentage grain damage was observed in Pbm * m4
* Px and the highest (19.00) was recorded in Hfm * m4 * Px.

The results on percentage number of insect pests that caused grain damage during four
months period of storage was influenced by interaction effect of storage method,
storage period and chemical (Table 4.24). Maize grains treated with chemical Px stored
in Hfm for four months recorded significant percentage number of insect pest
population compared to grains treated with the same chemical Px and the chemical Ac
and stored in other methods.

A decreased trend in weight loss of 1000-grain was noted throughout the storage period
and significantly varied by the interaction effect of storage method, storage period and
chemical. Maize grains treated with Px and stored in Tbm for four months consistently
recorded lower (p=0.01) values than other treatments including the control (Hfm).
However, a similar lower response was observed in grains treated with

Ac and stored in Thm for four months.
The results from Table: 4.24 shows that a change in grain colour significantly varied by

the interaction effect among storage method, storage period and chemical. Grain colour
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change was noted in the Hfm * m4* Px and Hfm * m4 * Ac but the change was within
the acceptable range.

Table 4.24 shows that change in grain odour differed (p=0.01) during storage as a result
of interaction among storage methods, storage period and chemical. Grains treated with
chemicals Px and Ac stored in Hfm for four months had the greatest impact on grain

odour.

Table 4.24: Interaction effects of storage methods, storage period and chemicals
used on  postharvest quality

Sources of % Weight % Moisture % Grain % Colour % Odour No. of
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Variation loss content damage change change live
insects
Hfm*m1*px 4.31 jklmn 12.60 efghi 5.00ijk  2.00 bc 3.00a 13.00 hi
Hfm*m1*Ac 3.30 Imnop 12.70 efghi 10.50d 1.00c 3.00 a 11.00 jk
Hfm*m2* Px 5.93 hij 14.50 abcd 14.00 ¢ 2.00 bc 3.00a 18.00cd
Hfm*m2*Ac 6.57 fgh 14.20 abcde 1350 ¢ 2.00 bc 3.00a 16.00 ef
Hfm*m3*Px  14.58 ¢ 14.70 ab 16.00 b 3.00 ab 3.00a 19.00c
Hfm*m3*Ac 15.09 c 14.70 ab 13.50 ¢ 3.00 ab 3.00a 19.00c
Hfm*m4*Px  20.82a 15.00 a 19.00 a 19.00 a 3.00a 25.00a
Hfm*m4*Ac 20.48 a 1490 a 17.00 b 4.00 a 3.00a 21.00b
Pym*m1*Px 1.45 grs 12.60 egfhi 7.00 fgh 2.00c 1.00b 9.00 Im
Pym*m1*Ac 1.95 pgr 12.60 efghi 5.50 hij 1.00c 1.00b 7.00 no
Pym*m2*Px 3.87 klmno 13.90 abcdefgh ~ 7.00 fgh 2.00 bc 2.00ab 11.00 jk
Pym*m2*Ac 4.31 jKIm 13.90 abcdefgh  6.00 ghi 2.00 bc 2.00ab 11.00jk
Pym*m3*Px 8.89¢ 14.00 abcdefg 9.00 de 2.00 bc 3.00a 11.00jk
Pym*m3*Ac 9.03e 14.00 abcde 10.00d 3.00 ab 3.00a 13.00hi
Pym*m4*Px  14.72¢ 14.50 abcd 10.00d 3.00 ab 3.00a 15.00fg
Pym*m4*Ac  17.49a 14.60 abc 10.00d 3.00 ab 3.00a 17.00de
Jm*m1*Px 2.29 nopq 12.60 efghi 5.00 ijk 2.00 bc 1.00b 8.00 mn
Jm*m1*Ac 2.22 opq 12. 50 fghi 5.00 ijk 2.00 bc 1.00b 9.00Im
Jm*m2*Px 3.97 klmn 13.70 abcdefghi ~ 5.00ijk 2.00 bc 2.00ab 9.00Im
Jm*m2*Ac 5.32 hijk 13.90 abcdefgh 5.00 ijk 2.00 bc 2.00ab 9.00Im
Jm*m3*Px 7.82 efg 14.10 abcdef 7.00 fgh 2.00 bc 3.00a 10.00kl
Jm*m3*Ac 8.08 ef 14.00 abcdefg 7.50 efg 2.00 bc 3.00a 12.00ij
Jm*m4*Px 11.11d 14.20 abcde 10.00d 200bc 3.00a 12.00ij
Jm*m4*Ac 12.33d 14.50 abcd 9.00 de 2.00bc 3.00a 14.00gh
Clm*m1*Px 0.27rs 12.40 ghi 350klmn  2.00bc 1.00b 5.00pq
Clm*m1*Ac 0.30rs 12.50 fghi 350Kklmn  2.00bc  1.00b 5.00pq
Clm*m2*Px 1.35qrs 13.70 abcdefghi  3.50Kklmn  2.00bc 1.00b  6.00 op
Clm*m2*Ac 1.42 grs 13.60 abcdefghi ~ 4.00 jkimn  2.00bc 1.00b 9.00 Im
Clm*m3*Px 3.77 klmno 13.80 abcdefgh 6.00 ghi 200bc 3.00a 7.00no0
Clm*m3*Ac 4.71 ijkl 13.90 abcdefgh 6.00 ghi 200bc 3.00a 8.00mn
Clm* m4*Px 8.69 e 13.40 abcdefghi 7.50 efg 3.00ab 3.00a 8.00mn
Clm* m4*Ac 6.33 ghi 13.60 abcdefghi 8.00 ef 3.00ab 3.00a 8.00mn
Pdm*m1*Px 0.17 s 12.40 ghi 350klmn 1.00c 2.00ab 5.00 pq
Pdm*m1*Ac 0.27rs 12.40 ghi 3.00lkmno 2.00bc 1.00b 5.00pq
Pdm*m2*Px 1.62 pgrs 13.60 abcdefghi 3.00lmno 1.00c 1.00b 6.000p
Pdm*m2*Ac 1.62 pgrs 13.50 abcdefghi 350klmn 2.00bc 1.00b 7.00no
Pdm*m3*Px 3.77 klmno 13.90 abcdefg 5.00 ijk 1.00c 1.00b 7.00no
Pdm*m3*Ac 4.61 ijki 13.90 abcdefg 6.00 ghi 200bc 1.00b 9.00Im
Pdm*m4*Px 3.77 klmno 13.60 abcdefghi 5.00 ijk 1.00c 1.00b 7.00no
Pdm*m4*Ac 4.64 ijkl 13.70 abcdefghi 4.50 ijkl 200bc 1.00b 8.00mn
Thm*m1*Px 0.00s 12.10i 1500 1.00c 2.00ab 1.00r
Thm*m1*Ac 0.24rs 12.30 hi 1500 1.00c 100b 2.00r
Thm*m2*Px 0.27rs 12.70 efghi 2.00 no 1.00c 2.00ab 2.00r
Thm*m2*Ac 0.47rs 13.00 cdefghi 2.50 mno 1.00c 2.00ab 2.00r
Thm*m3*Px 2.43 nopq 13.20 bcdefghi 4.50 ijkl 1.00c 2.00ab 4.00q
Thm*m3*Ac 2.86 mnopq 13.60 abcdefghi 4.50 ijkl 1.00c 2.00ab 5.00pq
Thm*m4*Px 2.29 nopq 12.90 defghi 2.00 no 100c 2.00ab 2.00r
Thm*m4*Ac 2.66 mnopq 13.70 abcdefghi 3.50 klmn 1.00c 2.00ab 4.00q
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*Means in column followed by the same letter (s) are not significantly different (p=0.01) using Tukey
HSD. Px = Phostoxin, Ac=Actellic, Hfm= Heap on floor, Jm=Jute sack method, pym=Polypropylene
method, m1= first month, m2=second month, m3=third month, m4=fourth month

4:3:10 Effect of storage methods on proximate composition of stored maize grains
Table 4.25 gives an account on the effect of storage methods on proximate composition
of Obatanpa variety used for the study. The analysis was done just before and after the
storage experiment. The results in Table 4.25 showed that the level of ash, crude fibre
and moisture content varied significantly among the storage methods after four months
of storage. The level of crude fibre increased slightly in grains stored in clay pot (Clm)
and reduced in plastic drum (Pdm). Likewise, the level of ash significantly increased
when grains were stored with plastic drum (Pdm) and decreased when stored with
polypropylene (Pym). The analysis as shown in Table 4.25 proved that hermetic triple-
layer bag (Tbm) and plastic drum (Pdm) performed best as they recorded significantly
lowest moisture content compared to that of jute sack (Jm), polypropylene sack (Pym),

clay pot (Clm) and heaping on floor (Hfm).

Table 4.25: Effects of storage methods on proximate composition on maize grains

Storage Fat Fibre Protein Ash Carbohydrate ~ Moisture

method Before After BeforeAfter Before

After Before After Before After Before After

me
Tbm 4.00a4.00a 2.52a 2.52ab11.13a11.13a1.73a1.70ab 78.68a 78.68a 1.94a 2.65c

Pdm 400a 350a 2.52a 1.23b11.13a11.00a 1.73a2.50a  78.68a 75.90a1.94a 5.85b

m 4.00a 2.50a 2.52a 2.49ab 11.13a10.26a 1.73a1.52ab 78.68a 73.65a 1.94a 9.85a

o 4.0023.00a 2.52a 2.50ab11.13a11.00a 1.73a0.79b  78.68a 72.71a1.94a 10.00a
ym
cim  400a345a 3574 271a11.13a10.75a 1.73a150ab 78.68a 71.0a1.94a 10.58a

hfm ~ 40024.00a 25724 2.52a11.13a11.05a  1.73a1.73ab 78.68a 69.45a1.94a 11.05a
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Lsd (0.01)

*Means In column tollowed by the same letter (S) are not signiticantly different

(P=0.01). Tbm=Triple bag method, Pdm=Plastic drum, Jm=Jute sack method,
Pym=Polypropylene sack method, CIm=Clay pot method, Hfm= Heap on floor method

4.3.11 Effects of storage methods on minerals content of stored maize grains. The
results in Table 4.26 showed significant reductions in calcium, potassium, sodium,
phosphorus and magnesium contents of maize stored after four months of storage using
the six storage methods. The level of calcium significantly (p=0.01) increased in maize
grains stored in clay pot (0.19%) while in both heaping on floor and plastic drum
methods, the level of calcium significantly declined with recorded values of 0.11% and
0.11%, respectively.

Likewise, the potassium content of maize grains stored in polypropylene sack increased
slightly but reduced significantly in heaping on floor.

There was significant effect of storage methods on sodium level of the stored maize
grains. Maize grains stored in plastic drum significantly increased to 0.50% compared
to the initial content of 0.35% whiles in clay pot method, the level of sodium
significantly reduced to 0.15%.

The level of phosphorus in maize grains stored in the six storage methods significantly
(p=0.01) varied. Interestingly, phosphorus content reduced when stored with clay pot
(Clm), polypropylene sack (Pym), heaping on floor (Hfm) and plastic drum (Pdm) but
increased when stored with jute sack (Jm) and triple hermetic bag (Tbm).

The results in Table 4.26 showed significant increases in percentage of magnesium in
clay pot, jute sack, polypropylene sack, plastic drum and hermetic triple-layer bag
except in heaping on floor method where magnesium decreased. The highest percentage

of magnesium was observed in grains stored in jute and polypropylene sacks.
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Table 4.26: Effects of storage methods on minerals content of maize grains after
storage

method Before After Before After Before After Before After Before After
Clay pot 0.13a 0.19a0.16a0.14b  0.35a 0.15d 0.19a0.13ab0.11a 0.12Db
Jute sack 0.13a0.13b 0.16a 0.12bc 0.35a 0.40bc 0:1920.21a 0.1la 0.15a

0.19a 0.14ab0.11a 0.15a
Polypropyl 134 0.13 b 0.16a 0.17a 0.35a 0.48 a ene sack

Triplesack  0.13a 0.13b0.16a 0.16a0.3520.35¢c ~ 0-19a 0.21a  0.1la 0.11b

0.19a 0.09 b 0.11a 0.08 ¢
Heapon 135 0.11 ¢ 0.16a 0.11c 0.35a 0.45ab floor

0.19a 0.13ab0.11a 0.14 ab

plastic 0.13a 0.11c0.16a0.12bc 0.35a0.50 a drum
Storage Calcium  Potassium Sodium Phosphorus Magnesium
(Lsd

All values are in percentages. Means in columns followed by a common letter are not

significantly different (p=0.01). All values are in percentages.

CHAPTER FIVE
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5.0 DISCUSSION

5.1 SURVEY

5.1.1 Background Information of Respondents

The results of the field survey revealed that 78.5% of the respondents interviewed were
males whiles 21.5% were females. This indicates males domination and participation
in maize production than females in the study area probably because maize production
is energy demanding. This may have implication in terms of knowledge and technology
aimed at improving maize production in the Municipality. Also, majority (46.5%) of
the farmers interviewed were within the most economic working and youthful age, and
this implies that maize production in the Municipality has a brighter future. Regarding
educational background and information, the survey report indicates that about 51% of
the respondents had no formal education, indicating high rate of illiteracy in the study
area which may be an obstacle to appreciating and accepting technological

improvement and advancement aimed at maize production.

5.1.2 Identified Maize Varieties Grown by Respondents

The results of the field survey revealed that a number of maize varieties are grown by
farmers in Ejura-Sekyedumasi Municipality of which two hybrid and newly improved
varieties, Mamaba and Obatanpa dominate. Majority (59.0%) of the sampled farmers
grow Obatanpa variety and this suggested that it is the variety of economic importance

to the farmers in the Municipality.
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5.1.3. Storage Methods Used by Respondents

The various commonly used methods of storage for storing maize grains by respondents
in the various maize growing communities in the study area are shown in Table 4.2.9.
The results indicated that jute sacks, polypropylene sacks, clay pots, plastic drums, over
kitchen fire, heap on floor and triple-hermetic bags were the commonly used storage
methods for storing maize grains in the Municipality. Polypropylene sacks and jute
were the most commonly used storage methods for storing maize grains. A greater
percentage (30%) of the respondents stored maize grains in polypropylene followed by
jute sacks (20%) and smaller percentage stored maize grains in crib storage (2.5%).
Bediako et al. (2000) stated that a wide variety of methods are used for grain storage
including pots, tins and baskets, but the most common is the polypropylene sack and

jute sack.

5.1.4 Ambient Temperature and Relative Humidity of the Storage Environment
The ambient temperature and relative humidity of the storage environment were in a
range of 25 °C — 31.2° C and 59 % - 71 % respectively. The quality of stored grains in
any storage method depends upon the prevailing environmental conditions of the
storage environment. During the storage, the fluctuation in trend observed in both
ambient temperature and relative humidity had a great impact on the quality
characteristics of the grains stored. Higher ambient temperature and relative humidity
created conducive and favourable grounds for insect pests’ growth, development and
infestations, which resulted in quality deterioration in some of the grain quality
parameters assessed. This study collaborates with an earlier study research on grains
storage conducted by Alabadan and Oyowo (2005) revealed that ambient temperature

and relative humidity have a maximum influence on the quality of stored grains.
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Higher relative humidity and ambient temperature provide the favourable conditions
for the production of insect, mould and other micro-organisms which deteriorate the

grain quality during storage.

5.2 STORAGE EXPERIMENT

5.2.1 Effects of Storage Methods on Postharvest Quality Characteristics of Maize
Grains

5.2.1.2 Percentage damage of maize grains during storage

At the onset of the experiment, there was no insect damage seen on the maize grains
used for the study. From the results obtained, method of storage, period of storage and
their interactions showed a significant difference on percentage grain damage. The
highest percentage grain damage was observed in grains stored in heaping on floor
followed by clay pot, polypropylene sack, jute sack and then plastic drum while the
lowest grain damage was noted in hermetic triple-layer bag. The least in percentage
grain damage recorded in hermetic triple-layer bag could be attributed to low insect
pests infestation in grains as a result of reduced oxygen concentration and increased
carbon dioxide levels in this air-tight method resulting in asphyxiation and mortalities
of insect pests reducing grain damage. Similar findings and observations were reported
by Calderon and Navarro (1980) and Donahaye et al. (2001). Period of storage
significantly (P=0.01) increased percentage grain damage in first month (m1) from
19.83% to 29.00% in second month, and then continued to increase in subsequent
months to get the highest value of 41.75% in 4-month of storage (Table 4.19). This
continual increase in grain damage could be attributed to physiological phenomenon of
ageing which occurred in the stored grains as living organisms.

Table 4.21 represents the interactive effects between storage methods and storage
period (sm *m) on grain damage. The results indicated that the highest percentage grain
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damage was recorded in grains stored in heaping on floor method and lowest in grains
stored in triple hermetic bag method.

The interaction between chemical and period of storage on grain damage is shown in
Table 4.23. Grain damage was minimum in grains treated with phostoxin and maximum
in grains treated with Actellic Super in all period of storage. The minimum value of
percentage grain damage recorded in grains treated with phostoxin can be attributed to
its high efficacy of controlling pest infestation of stored grains to a lower population
density or caused higher mortality of insect pests. At a lower insect pests’ population
density, pests are ineffective of causing economic damage to grains in storage.

Also, the interaction effect of storage method and duration of storage imparted
significantly on percentage grain damage. The trend in percentage grain damage
increased consistently with extended period of storage with the highest mean
percentage damage noted in grains sampled from heaping on floor method. The highest
percentage (89.50%) of grain damage in heap on floor method might be due to the
exposure of the stored to insect pest infestation and other factors which cause grain
damage (Desjardins et al., 2000; Mohammed et al., 2001; Hayma, 2010; Askun, 2006;
Hell et al., 2010; Mathew, 2010).

Results from Table: 4.22 shows that the interaction effect between storage methods and
chemicals influenced percentage grain damage. The highest percentage grain damage
was detected in grains sampled from heaping on floor method in combination with
Actellic Super, which was not significantly different from that of phostoxin fumigation
with heaping on floor method, while lowest percentage grain damage was observed in
triple combined with phostoxin fumigation. This was a result of a result of gas-tight
nature of triple hermetic bag which prevented the escape of phostoxin and provided

long term protection against pest infestation.
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The interaction among storage methods, grain protectants and storage duration affected
percentage grain damage. Lowest percentage damage was found in grains treated with
phostoxin and stored in triple-hermetic bag at 4 months of storage while the highest
percentage damage was observed in grains treated with phostoxin and stored in heaping

on floor method.

5.2.1.3 Effects of storage methods on moisture content

Moisture percent of maize grains was significantly influenced by storage methods,
period of storage, chemicals and their interactions. Moisture content of maize grains
increased with the progress of storage period and the maximum increase was detected
at 4 months of storage. This could be attributed to monthly variation in relative humidity
and optimum temperature throughout the period of storage (Hruskova and Machova,
2002). This causes the oxidation of carbohydrate and yield carbon dioxide, water and
energy.

Method of storage influenced moisture content. In this experiment, grains stored in
heaping on floor method consistently had the highest grain moisture content

(15.53%), followed by polypropylene sack (14.73%), jute sack (14.70%) and clay
(14.10%) whilst triple-hermetic bag had the lowest increase in moisture content
(13.60%), but was not significantly different from that allowed by plastic drum
(13.90%). The main reason behind the increase in moisture content observed in heaping
on floor was as a result of its open nature, which easily permitted unlimited swap over
of moisture. With that of moisture increase in jute sack, polypropylene sack and clay
was as a result of their high tendency to absorb moisture in ambient condition. Similar
result was reported by Gurinto et al. (1991) that moisture content of shelled maize
grains increased from 14% to 15.8% in jute sack and polythene lining bags at 90 days
of observation. Another reason behind the increase in moisture content could be
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attributed to higher respiration rate of insect infestation of the stored grains. Sanches et
al. (1997) stated that water is one of the finished results of respiration which increases
the moisture content inside grains storage bins and also, the metabolic products of fungi
and insect inside infested grains increased the moisture content (Olajujigbe, 2006).

The application of grain protectants varied grain moisture content. Grains treated with
phostoxin allowed lower increase in moisture (9.58%) than actellic (9.25%). For this
reason, phostoxin fumigation to stored grains achieved desirable results as far as
moisture content is concerned. The lower the moisture contents of stored grains, the
better the grains keep and the longer the usable period or shelf life. Also, grain with low
moisture content is less susceptible to insect infestation and growth of fungi. The
interaction among methods of storage, chemicals and period of storage also
significantly affected grain moisture content. Significantly, the highest (15.00%)
increase in moisture content was noted in grains treated with phostoxin and stored in
heap on floor method, but not statistically different from actellic treated grains stored
in heaping on floor method (14.90%) and the lowest was observed in phostoxin treated

grains combined with triple-hermetic bag stored for four months.

5.2.1.4 Weight loss of maize grains

A decrease in weight of 12000-grain was recorded throughout the storage period. Weight
loss of maize grains showed an increasing trend with the passage of storage period and
highest weight loss was noted at the end of the 4 months of the storage period (Table
4.19). Grain weight was found to be dependent on storage duration and whatever the

storage condition, increase in storage time leads to a significant loss in weight of grains
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(Gonzalez, 2013). Similarly, with respect to the methods of storage effect, the highest
rate of decrease in weight per 1000 grains was found in grain samples taken from
heaping on floor followed by polypropylene sack, jute sack, clay pot, plastic drum and
the lowest found in hermetic triple-layer bag (Table 4.18). The lowest in percentage
weight loss in grains stored in hermetic triple-layer bag is in agreement with the
previous discoveries of Anankware et al. (2012) who perceived that maize stored in
hermetic triple-layer bag record low weight loss compared to jute and polypropylene
sacks which recorded higher weight losses. The reduction in weight of stored grains
could be due to high insect pests infestation and grain damage. Insect pests grow and
feed the carbohydrate content inside the endosperm of grains which lead to loss in
weight and increase grain damage (Pomeranz et al., 2000). The effectiveness of triple-
hermetic bag resulting in least weight loss was as result of its air-tight nature which
prevented or minimized exchange of gases and insect pests invasion and their feeding
activities. Murdock et al., (2012) observed that insect invasion and feeding ceases in
grains stored in triple-hermetic bag and prevents or minimizes gas exchange, depletes
O and increases COz> resulting in insects dying. It can, therefore, be inferred from the
results that the least in weight loss noted in triple hermetic bag was as a result of low
grain damage and minimal insect activities. This is because grain damage and weight
loss are related, and hence the higher the grain damage, the higher the grain weight loss
and vice versa.

With respects to higher order interactions thus, interaction among storage method,
storage duration and chemical, grains treated with grain protectants phostoxin (Px)
and actellic (Ac) and stored in triple-hermetic bag recorded the least weight loss over
the four months storage duration, followed by plastic drum (Table 4.24). The possible

reasons could be due to air-tight property of these methods which prevented loss of
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chemical constituents of fumigation or the grain protectants making fumigation

effective in minimizing insect infestation.

5.2.1.5 Effects of storage methods on number of live insect pests/kilogram of maize
grains.

There was no insect infestation observed on the maize grains used for this present study
before storage. Storage period increased the number of insect pests infestation per
kilogram that caused grain damage throughout the experiment and the highest rate of
number of insect pests/kg of grains was noted in grains at 4 months of storage (Table
4.19). This could as a result of non-existence of proper hygienic storage conditions
(Danho et al., 2003). With regard to storage methods, the highest percentage of number
of insect pests infestation/kg of grains was observed in grains stored in heaping on floor,
followed by clay pot, polypropylene sack, jute sack, plastic drum and lowest in hermetic
triple-layer bag. However, chemical treatments had no effect on insect infestation of
stored grain. The highest number of live insect pests recorded in heaping on floor
method could be attributed to high moisture content and build of heat in this storage
method, which provided favourable environment for growth, survival and proliferation
of insect pests. The efficiency of triple-hermetic bag for recording the lowest counted
number of live insect pests that caused damage to grains could be as a result of its
ability to keep the content air-tight and led to accumulation and increased concentration
of carbon dioxide and reduced oxygen concentration, which resulted in low rate in
breeding and high mortality. In the absence of triple-hermetic bag, plastic drum could
be the next alternative choice in creating unfavourable conditions for development and

proliferation of insect pests.
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5.2.1.6 Change in grain colour during storage

Change in grain colour was observed during the first month of storage. There was no
change in grain colour during the four months duration of storage in phostoxin and
actellic interaction with triple-hermetic bag (Table 4.24). Heap on floor method
interaction with phostoxin and actellic treated grains stored for four months noted a
significant change in colour with scale 4, which signifies great colour change from
natural white/yellow to dark brown. The change in grain colour could be attributed to
the mixture of insect frass and urine with the grains stored in this method.

In the case of storage methods, there was increase in change of grain colour during
storage period in some of the storage methods (Table 4.18). Grains stored in
polypropylene sack, clay pot and heap on floor had their colour changed from natural
white/yellow to brown, indicating moderate change, but the change in colour was within
the recommended range.

A highly significant (p=0.01) change in colour of grain was observed in storage method
interaction with storage period (Table 4.21). Grains stored in heap on floor method and
stored for months severely had a change in colour with score 5 rendering the grains
unsafe for consumption and unacceptable. This could be as a result of higher infestation

and damage by insect pests and fungal growth, heating and mustiness.

5.2.1.7 Change in grain odour

There was a slight change in grain odour was noted in grains among storage method,
duration of storage and chemical interactions. The interaction between grain protectants
phostoxin and actellic super interaction with heap on floor, polypropylene, jute and clay
pot resulted in change in odour in the second, third and fourth months of storage (Table
4.24). The change in this odour could be attributed to infestation with insect pests,
faecal materials and fungal growth resulting mouldiness and mustiness.
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5.2.1.8 Effects of storage methods on proximate composition of stored grains. The
proximate composition of stored grains was analysed on the basis of

carbohydrate, protein, ash, moisture content, fibre and ash content retained after four
months storage. From Table 4.3.10, there was increase in moisture content in all the
storage methods after storage compared to pre-stored, and significantly the highest
increase in moisture content was observed in grains stored in heap on floor method
which was not significantly different from that of jute sack, polypropylene sack and
clay pot whiles the lowest increase was observed in triple-hermetic bag. Grain moisture
content which normally increases after storage might be as a result of increased insect
metabolism (Rubasinghege et al., 2007).

From Table 4.25, there was a decrease in ash content in hermetically stored grains, as
well as decrease in grains stored in jute sack, polypropylene and clay pot whereas in
heap on floor method, ash content was retained. A decrease in ash content after months
of storage could be as a result of insect feeding activity and reproduction (Bamaiyi et
al., 2006). However, ash content in plastic drum had an increase. This could be due to
generation of more residues as a result of contamination from insect excreta.

Crude fibre content decreased in plastic drum, jute sack, polypropylene sack and in
heaping on floor methods whilst in clay pot, there was increase in crude fibre content
compared to pre-stored grains. Increase in crud fibre content of stored grains may be
attributed to insect pests hollowing out the grain contents leaving only the bran, which
is mostly fibre (Bamaiyi et al., 2006). Also, the husk of grains is rich in crude fibre
content and any decrease in values after storage may be due to emergence holes created

by weevils (Rubasinghege et al., 2007).
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5.2.1.9 Effect of storage methods on the minerals composition of stored maize
grains before and after the storage experiment

The minerals content of the stored maize grains analysed consisted of calcium,
potassium, sodium, phosphorus and magnesium. This was done prior to storage and
after the storage experiment. Methods of storage significantly influenced the minerals
content after storage. There was a reduction in the minerals content of calcium,
potassium, phosphorus, magnesium and sodium after the storage period. Significant
reduction (p=0.01) in minerals content was obtained in maize grains stored in heaps on
floor method where insect pests infestation was higher whereas maize grains stored in
triple hermetic bag retained the highest minerals content. This result agrees with the
findings of Jood and Kapoor (1993) who reported that minerals content of stored maize

grains decrease as a result of feeding activities of Sitophilus zeamais.

CHAPTER SIX
6.0 CONCLUSION AND RECOMMENDATION

6.1 CONCLUSION

The present study reiterated the need to use appropriate and effective storage methods
and chemical treatments for maize grains storage and their impact on grain quality
parameters. Apart from the use of appropriate storage methods for storing maize grains,
the initial condition of grains for storage needs to be taken into account before storage
as insect damage grains for storage could aggravate incidence of both qualitative and
quantitative losses during storage.

The findings of the survey of this present study have shown that:
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Both males and females were involved in intensive and commercial production
of maize in Ejura-Sekyedumasi Municipality, with greater percentage being
males.

There was a general reduction in the quality parameters assessed in all the
storage methods used after storage. Based on the results obtained, hermetic
triple-layer bag and plastic drum gave desirable and better results than jute
sack, polypropylene sack, clay pot and heaping on floor for the parameters
assessed. Hermetic triple-layer bag and plastic drum methods significantly
reduced grain deterioration.

Laboratory analysis carried out on proximate and mineral compositions per the
storage methods evaluated indicated a general reduction. However, there were
some exceptions as most of the nutritional and minerals compositions of maize
stored in triple bag and plastic drum were maintained.

As the storage period extended, there was a decrease in grain quality parameters
gradually. This indicated natural ageing is inevitable in grains.

The application of Phostoxin to grains was most effective in protecting grains
from insect damage and maintaining the least moisture content than Actellic
Super up to four months of storage.

Grain quality parameters assessed when stored in jute sack, polypropylene
sack, clay pot and heaping on floor were very low and, this shows that these
storage methods were ineffective of protecting stored grains from pests.
Therefore, farmers should not store their maize grains using these storage
methods.

In conclusion, the overall results shows that hermetic triple-layer bags and
plastic drums are better and suitable storage methods for both short and long
terms storage of maize grains than jute sack, polypropylene sack, clay pot and
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heaping on floor under ambient conditions. The use of such storage methods
by resource poor farmers will enable them to store enough grains of high quality

for future use.

6.2 RECOMMENDATIONS

Based on the results of the study, the following recommendations are made: ® Triple-
hermetic bags and plastic drums should be considered by producers and other
stakeholders of maize for storing their harvested maize grains due to the fact that
these storage methods resulted in minimizing weight loss, nutrient loss, allowing
increased in moisture content of stored grains to a considerable and prevented insect

pests attack and low grain damages.

® Further study should be conducted on the same topic, but this time in a different
maize growing area with an extended period of time, for about six months to

one year for meaningful conclusion to be drawn.

® Research should be done on how loss of proximate and minerals composition

of stored maize grains affect its nutritional quality.
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APPENDICES

Appendix I: Samples of questionnaires administered to respondents

Questionnaires administered to respondents during the field survey conducted in Ejura-

Sekyedumasi Municipality to identify some commonly used storage methods used to

store maize grains in the Municipality.

Section A: the bio-data of respondents

1.

o~ DN

What is the name of this community................................. ?
Sex: A.Male[ ] B.Female [ ]

How old are you.......coooiiiiiii e ?
What is your main oCCupation...............oeevvreeneeneenneeneennnnn ?
Have you been to school before?

A. Yes [ ] B.No[ ]

What was your educational level?

A. Primary =y
B. JSS/JHS [ ]
C. SSS [ 1]
D. Tertiary [ 1]

E. Others [ ]

Section B: Data on production activities

g
8.

10.
11.

12.
13.

For how long have you been farming?
What type of production do you engage in?
A. Subsistence [ ] B. commercial [ ]

What is the size of your farm.............coceeiiinn..... ?

What variety of maize do you grow....................... ?

Can you mention the name of the variety of maize grown....?
Why do you choose to grow that variety........................ ?
Do you store your maize after harvesting...................... ?

A. Yes [ ] B.No[ ]
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14. In what form do you store your harvested maize............. ?

15. What method do you use to store your maize................ ,7
16. Why do you use such method........................ooeeeni ?
17. Do you apply any chemical prior to storage.................. ?

18. Can you mention the name of the chemical use?
19. Do you encounter any change for storing your maize in that method?

A.Yes[ 1] B.No[ ]

20. What are some of the challenges you encounter................. ?
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Appendix 11: ANOVA tables of treatment effects on postharvest grain quality
characteristics.
Student Edition of Statistix 9.0

Analysis of Variance Table for moisture content

Source DF SS MS F Prep

2 16.5675 8.28375
Months 3 14.4950 4.83167 23.03 0.0000
SM 5 26.7100 5.34200 25.46 0.0000
Months*SM 15 13.0900 0.87267 4.16 0.0001
Error 46 9.6525 0.20984
Total 71 80.5150

Grand Mean 14.408 CV 3.18
Student Edition of Statistix 9.0

Analysis of Variance Table for percent grain damage

Source DF SS MS F 2

rep 2ot 0.4 0707

month 3 4602.2 1534.08 2641.09 0.0000
storage 5 80329 1606.58 2765.90 0.0000
month*storage 15 17949 119.66 206.01 0.0000
Error 46 26.7 0.58

Total 71 14456.9

Grand Mean 31.250 CV 2.44

Student Edition of Statistix 9.0

Analysis of Variance Table for live insects that caused grain damage

Source DF SS MS F P

rep 2 334 16.70

Months 3 47145 1571.50 9951.45 0.0000
SM 5 10117.0 2023.40 12813.1 0.0000

Months*SM 15 2154.0 143.60 909.34 0.0000
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Error 46 7.3 0.16
Total 71 17026.2

Grand Mean 27.083 CV 1.47
Student Edition of Statistix 9.0

Analysis of Variance Table for weightlos

Source DF SS MS F P rep
2 18.75 9.375

Months 3 320.59 106.865 520.19 0.0000
SM 5 598.70 119.740 582.86 0.0000
Months*SM 15 272.62 18.175 88.47 0.0000
Error 46 9.45 0.205

Total 71 1220.12

Grand Mean 9.5037 CV 4.77

Student Edition of Statistix 9.0

Analysis of Variance Table for colourcha

Source DF SS MS F P rep
2 15.528 7.76375

Months 3 26.500 8.83333 19.30 0.0000

SM 5 47.500 9.50000 20.76 0.0000

Months*SM 15 9.500 0.63333 1.38 0.1957

Error 46 21.053 0.45766

Total 71 120.080

Grand Mean 2.9167 CV 23.19

Student Edition of Statistix 9.0
Analysis of Variance Table for grain odour

Source DF SS MS F P rep

2 10.176 5.08792
Months 3 29.000 9.66667 14.88 0.0000
SM 5 23.500 4.70000 7.23 0.0000
Months*SM 15 17.500 1.16667 1.80 0.0650
Error 46 29.884 0.64966

Total 71 110.060
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Grand Mean 2.6667 CV 30.23

KNUST
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Student Edition of Statistix 9.0

Analysis of Variance Table for weight loss

Source

rep

CHEM

Month

PM
CHEM*Month
CHEM*PM
Month*PM
CHEM*Month*PM
Error

Total

Grand Mean 5.5096

DF SS MS F §

2 2046 10.231

1 414 4141 19.23 0.0000

3 1796.66 598.886 2781.51 0.0000
5 1701.12 340.225 1580.16 0.0000
3 173 0575 2.67 0.0518

5 6.75 1349 6.27 0.0000

15 615.59 41.039 190.61 0.0000
15 1990 1327 6.16 0.0000
94 20.24 0.215

143 4186.59

CV 8.42

Student Edition of Statistix 9.0

Analysis of Variance Table for moisture

Source

rep

CHEM

Month

PM
CHEM*Month
CHEM*PM
Month*PM
CHEM*Month*PM
Error

Total

DF SS MS F R

2 42135 21.0675

1 0391 03906 2.01 0.1591

3 58.532 19.5106 100.63 0.0000
5 21.393 4.2786 22.07 0.0000
3 0362 0.1206 0.62 0.6024

5 0.798 0.1596 0.82 0.5362

15 5139 0.3426 1.77 0.0512
15 0.444 0.0296 0.15 0.9999
94 18.225 0.1939

143 147.419
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Student Edition of Statistix 9.0

Grand Mean 13.552 CV 3.25

Analysis of Variance Table for life insects

Source DF S MS F P

rep 2 18.38 9.188

CHEM 1 400 4.000 20.63 0.0000
Month 3 542.00 180.667 931.83 0.0000
PM 5 3157.25 631.450 3256.86 0.0000
CHEM*Month 3 17.00 5.667 29.23 0.0000
CHEM*PM 5 4175 8350 43.07 0.0000
Month*PM 15 226.75 15.117 77.97 0.0000
CHEM*Month*PM 15 30.25 2.017 10.40 0.0000
Error 94 18.23 0.194

Total 143 4055.60

Grand Mean 9.4167 CV 4.68

Student Edition of Statistix 9.0

Analysis of Variance Table for grain odour change

Source DF SS MS F P

rep 2 18.375 9.1875

CHEM 1 0.062 0.0625 0.32 0.5715
Month 3 36.688 12.2292 63.07 0.0000
PM 5 39.313 7.8625 40.55 0.0000
CHEM*Month 3 0.188 0.0625 0.32 0.8092
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Student Edition of Statistix 9.0

CHEM*PM 5 0.313 0.0625 0.32 0.8984
Month*PM 15 25937 1.7292 8.92 0.0000
CHEM*Month*PM 15 0.937 0.0625 0.32 0.9918
Error 94 18.225 0.1939

Total 143 140.038

Grand Mean 2.1042 CV 20.93

Analysis of Variance Table for grain damage

Source DF SS MS F P

rep 2 56.73 28.367

CHEM 1 002 0.016 0.08 0.7841
Month 3 32255 107.516 519.71 0.0000
PM 5 1849.58 369.916 1788.11 0.0000
CHEM*Month 3 280 0.932 451 0.0053
CHEM*PM 5 12.08 2416 11.68 0.0000
Month*PM 15 14798 9.866 47.69 0.0000
CHEM*Month*PM 15 35.73 2.382 11.52 0.0000
Error 94 19.45 0.207

Total 143 2446.91

Grand Mean 6.6771 CV 6.81

Student Edition of Statistix 9.0
Analysis of Variance Table for grain colour change

Source DF SS MS F P
rep 2 10.344 5.17188
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Student Edition of Statistix 9.0

CHEM

Month

PM

CHEM*Month
CHEM*PM
Month*PM
CHEM*Month*PM
Error

Total

Grand Mean 1.9792

1
3
5
3
5

0.063 0.06250
20.687 6.89583
37.813 7.56250
1.688 0.56250
1.812 0.36250

0.24 0.6253
26.48 0.0000
29.04 0.0000
2.16 0.0979
1.39 0.2343

15 17.937 1.19583 4.59 0.0000
15 6.937 0.46250 1.78 0.0496

94 24.476 0.26039

143 121.758

CV 25.78
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ANOVA tables for proximate composition analysis
Proximate before storage

Student Edition of Statistix 9.0
Completely Randomized AOQV for ash

Source DF SS MS F P trt
5 1.27420 0.25484 1.53 0.2529

Error 12 2.00060 0.16672

Total 17 3.27480

Grand Mean 1.2467 CV 32.75
Homogeneity of Variances F P
Levene's Test 4.00 0.0228
O'Brien's Test 1.78 0.1920
Brown and Forsythe Test  3.95 0.0238

Welch's Test for Mean Differences

Source DF F P trt
5.0 M 0.0000
Error M

Component of variance for between groups 0.02937

Effective cell size 3.0
Treatment Mean clay

pot 1.7300 heap on

floor 1.4300 jute sack

1.0200 plastic drum

1.1400 polypropylene

0.9400 triple bag

1.2200

Observations per Mean 3
Standard Error of a Mean 0.2357
Std Error (Diff of 2 Means) 0.3334

Completely Randomized AOV for carbohydrate
Source DF SS MS F P trt
5 18.0670 3.61340 10.73 0.0004

Error 12 4.0402 0.33668

Total 17 22.1072

101



Grand Mean 77.093 CV 0.75

Homogeneity of Variances F P
Levene's Test 3.17 0.0472
O'Brien's Test 1.41 0.2895
Brown and Forsythe Test  2.87 0.0627

Welch's Test for Mean Differences
Source DF F P trt

5.0 M 0.0000

Error M

Component of variance for between groups 1.09224
Effective cell size 3.0

Treatment Mean clay
pot 76.390 heap on
floor 75.460 jute sack
77.570 plastic drum

77.700 polypropyl

76.860 triple bag

78.580

Observations per Mean 3
Standard Error of a Mean  0.3350
Std Error (Diff of 2 Means) 0.4738

Completely Randomized AOV for fat

Source DF SS MS F P trt
5 0.75025 0.15005 0.30 0.9047

Error 12 6.04000 0.50333

Total 17 6.79025

Grand Mean 3.8283 CV 18.53

Homogeneity of Variances F P
Levene's Test 2.37 0.1027
O'Brien's Test 1.05 0.4321
Brown and Forsythe Test  2.09 0.1375

Welch's Test for Mean Differences
Source DF F P trt

5.0 M 0.0000

Error M
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Component of variance for between groups -0.11776

Effective cell size 3.0
Treatment Mean clay
pot 3.5000 heap on

floor 3.6000 jute sack
4.0000 plastic drum

3.8700 polypropylene

4.0000 triple bag

4.0000 Observations per Mean

3

Standard Error of a Mean  0.4096
Std Error (Diff of 2 Means) 0.5793

Completely Randomized AOV for fibre

Source DF SS MS F P trt
5 0.41320 0.08264 0.25 0.9336

Error 12 4.02040 0.33503

Total 17 4.43360

Grand Mean 2.3033 CV 25.13

Homogeneity of Variances F R
Levene's Test 3.18 0.0465
O'Brien's Test 1.41 0.2872
Brown and Forsythe Test  3.01 0.0546

Welch's Test for Mean Differences
Source DF F P trt

5.0 M 0.0000

Error M

Component of variance for between groups -0.08413
Effective cell size 3.0

Treatment Mean clay
pot 2.3900 heap on
floor 1.9800 jute sack
2.2800 plastic dr

2.3800 polypropyl

2.3600 triple bag

2.4300

Observations per Mean 3
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Standard Error of a Mean 0.3342
Std Error (Diff of 2 Means) 0.4726

Completely Randomized AOV for moisture content

Source DF SS MS F P trt
5 76.5496 15.3099 45.93 0.0000

Error 12 4.0004 0.3334

Total 17 80.5500

Grand Mean 5.6633 CV 10.20

Homogeneity of Variances F P
Levene's Test 3.20 0.0459
O'Brien’s Test 1.42 0.2850
Brown and Forsythe Test  3.17 0.0472

Welch's Test for Mean Differences
Source DF F P trt
5.0 M 0.0000

Error M

Component of variance for between groups 4.99218
Effective cell size 3.0

Treatment Mean clay

pot 6.8700 heap on

floor 8.9700 jute sack
4.7700 plastic drum

3.9700 polypropylene

6.6500 triple bag 2.7500
Observations per Mean 3
Standard Error of a Mean 0.3333
Std Error (Diff of 2 Means) 0.4714

Completely Randomized AOV for protein
Source DF SS MS F P trt
5 16.3450 3.26901 6.54 0.0037

Error 12 6.0004 0.50003

Total 17 22.3454

Grand Mean 9.8650 CV 7.17
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Homogeneity of Variances F P

Levene's Test 2.40 0.0994
O'Brien's Test 1.07 0.4254
Brown and Forsythe Test 2.37 0.1027

Welch's Test for Mean Differences
Source DF F P trt

5.0 M 0.0000

Error M

Component of variance for between groups 0.92299
Effective cell size 3.0

Treatment Mean clay

pot 9.120 heap on floor
8.560 jute sack 10.360
plastic drum 10.940
polypropylene 9.190 triple
bag 11.020 Observations
per Mean 3

Standard Error of a Mean 0.4083
Std Error (Diff of 2 Means) 0.5774

ANOVA tables for proximate composition after storage
Student Edition of Statistix 9.0

Completely Randomized AOV for ash

Source DF SS MS F P storage
5 4.62460 0.92492 5.43 0.0077

Error 12 2.04520 0.17043

Total 17 6.66980

Grand Mean 1.6267 CV 25.38

Homogeneity of VVariances F P
Levene's Test 3.96 0.0235
O'Brien's Test 1.76 0.1954
Brown and Forsythe Test 3.56 0.0333

Welch's Test for Mean Differences
Source DF F P storage
5.0 M 0.0000
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Error M

Component of variance for between groups 0.25150
Effective cell size 3.0

storage Mean clay pot
1.5000 heap on floor
1.7300 jute sack
1.5200 plastic drum
2.5200 polypropylene
0.7900 triple bag
1.7000 Observations per Mean
3
Standard Error of a Mean 0.2384
Std Error (Diff of 2 Means) 0.3371

Completely Randomized AQV for carbohydrate

Source DF SS MS F P storage
5 147.738 29.5477 1.72 0.2043

Error 12 206.005 17.1671

Total 17 353.744

Grand Mean 73.453 CV 5.64

Homogeneity of Variances F P
Levene's Test 3.95 0.0238
O'Brien's Test 1.76 0.1965
Brown and Forsythe Test  3.48 0.0358

Welch's Test for Mean Differences
Source DF F P storage
5.0 15 18.45 0.0000

Error 4.7

Component of variance for between groups 4.12686

Effective cell size 3.0
storage Mean clay

pot 71.010 heap

on floor 69.450 jute

sack 73.650 plastic
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drum 75.900

polypropylene 72.710
triple bag 78.000
Observations per Mean 3

Standard Error of a Mean 2.3921
Std Error (Diff of 2 Means) 3.3830

Completely Randomized AOV for fat

Source DF SS MS F P storage
5 5.9800 1.19600 2.39 0.1006

Error 12 6.0100 0.50083

Total 17 11.9900

Grand Mean 3.3833 CV 20.92

Homogeneity of Variances F B
Levene's Test 2.39 0.1002
O'Brien's Test 1.06 0.4270
Brown and Forsythe Test  2.24 0.1170

Welch's Test for Mean Differences
Source DF = P storage
50 M 0.0000

Error M

Component of variance for between groups 0.23172
Effective cell size 3.0

storage Mean clay pot
3.4500 heap on floor
4.0000 jute sack 2.3500
plastic drum 3.5000
polypropylene 3.0000 triple
bag 4.0000 Observations
per Mean 3
Standard Error of a Mean 0.4086
Std Error (Diff of 2 Means) 0.5778
Completely Randomized AOV for fibre

Source DF SS MS F P storage
5 4.44325 0.88865 2.65 0.0774

Error 12 4.02520 0.33543

Total 17 8.46845
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Grand Mean 2.3283 CV 24.87

Homogeneity of Variances F P
Levene's Test 3.18 0.0467
O'Brien’s Test 1.41 0.2878
Brown and Forsythe Test 2.95 0.0581

Welch's Test for Mean Differences
Source DF F P storage
5.0 M 0.0000

Error M

Component of variance for between groups 0.18441

Effective cell size 3.0
storage Mean clay pot
2.7100 heap on fl 2.5200

jute sack 2.4900 plastic

drum  1.2300 polypropylene
2.5000 triple bag 2.5200
Observations per Mean 3
Standard Error of a Mean 0.3344
Std Error (Diff of 2 Means) 0.4729

Completely Randomized AOV for moisture

Source DF SS MS F P storage
5 171.283 34.2566 68.28 0.0000

Error 12 6.020 0.5017

Total 17 177.303

Grand Mean 8.3633 CV 8.47

Homogeneity of Variances F P
Levene's Test 2.38 0.1010
O'Brien's Test 1.06 0.4287
Brown and Forsythe Test  2.23 0.1185

Welch's Test for Mean Differences
Source DF F P storage
5.0 M 0.0000

Error M
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Component of variance for between groups 11.2516
Effective cell size 3.0

Storage method Mean

clay pot 10.580

heap on floor 11.250

jute sack 9.850

plastic drum 5.850
polypropylene 10.000
triple bag 2.650
Observations per Mean 3

Standard Error of a Mean 0.4089
Std Error (Diff of 2 Means) 0.5783

Completely Randomized AQV for protein
Source DF SS MS I5 P storage
5 1.56045 0.31209 0.83 0.5533

Error 12 4.52020 0.37668

Total 17 6.08065

Grand Mean 10.865 CV 5.65

Homogeneity of Variances F R
Levene's Test 2.82 0.0656
O'Brien's Test 1.25 0.3449
Brown and Forsythe Test  2.39 0.1005

Welch's Test for Mean Differences
Source DF F P storage
50 M 0.0000

Error M

Component of variance for between groups -0.02153
Effective cell size 3.0

storage method Mean clay
pot 10.750 heap on floor
11.050 jute sack 10.260
plastic drum 11.000
polypropylene  11.000 triple
bag 11.130 Observations
per Mean 3
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Standard Error of a Mean 0.3543
Std Error (Diff of 2 Means) 0.5011

KNUST
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APPENDIX I11: ANOVA FOR MINERALS ANALYSIS

Student Edition of Statistix 9.0
Completely Randomized AQV for Calcium

Source DF SS MS F P trt
5 0.01300 0.00260 52.00 0.0000

Error 12 0.00060 0.00005

Total 17 0.01360

Grand Mean 0.1333 CV 5.30

Homogeneity of Variances F P
Levene's Test 2.40 0.0994
O'Brien's Test 1.07 0.4253
Brown and Forsythe Test ~ 2.40 0.0994

Welch's Test for Mean Differences
Source DF F P trt

B() M 0.0000

Error M

Component of variance for between groups 8.500E-04

Effective cell size 3.0
Treatment Mean clay
pot 0.1900 heap on

floor 0.1100 jute sack

0.1300 plastic drum

0.1100 polypropylene

0.1300 triple sack 0.1300
Observations per Mean <)
Standard Error of a Mean  4.082E-03
Std Error (Diff of 2 Means) 5.774E-03

Completely Randomized AOV for Potassium

Source DF SS MS F P trt
5 0.00720 0.00144 21.60 0.0000

Error 12 0.00080 0.00007

Total 17 0.00800

Grand Mean 0.1300 CV 6.28
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Homogeneity of Variances F P
Levene's Test 1.60 0.2336
O'Brien’s Test 0.71 0.6267
Brown and Forsythe Test 1.60 0.2336

Welch's Test for Mean Differences
Source DF F P trt

5.0 M 0.0000

Error M

Component of variance for between groups 4.578E-04
Effective cell size 3.0

Treatment Mean clay pot
0.1400 heap on floor ~ 0.1100

jute sack 0.1200 plastic

drum 0.1200 polypropylene
0.1700 triple sack 0.1600
Observations per Mean S
Standard Error of a Mean 4.714E-03
Std Error (Diff of 2 Means) 6.667E-03

Completely Randomized AOV for Magnesium

Source DF SS MS F P trt
5 0.01045 0.00209 31.35 0.0000

Error 12 0.00080 0.00007

Total 17 0.01125

Grand Mean 0.1283 CV 6.36

Homogeneity of Variances F P
Levene's Test 1.60 0.2336
O'Brien's Test 0.71 0.6267
Brown and Forsythe Test  1.60 0.2336

Welch's Test for Mean Differences
Source DF F P trt
5.0 M 0.0000

Error M
Component of variance for between groups 6.744E-04
Effective cell size 3.0
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Treatment Mean clay pot
0.1200 heap on floor ~ 0.0800

jute sack 0.1500 plastic

drum 0.1400 polypropylene
0.1500 triple sack 0.1100
Observations per Mean 3
Standard Error of a Mean 4.714E-03
Std Error (Diff of 2 Means) 6.667E-03

Completely Randomized AQOV for Sodium

Source DF SS MS F P trt
5 0.24460 0.04892 91.72 0.0000

Error 12 0.00640 0.00053

Total 17 0.25100

Grand Mean 0.3933 CV 5.87

Homogeneity of VVariances F P
Levene's Test 3.53 0.0341
O'Brien’s Test 1.57 0.2420
Brown and Forsythe Test 2.30 0.1101

Welch's Test for Mean Differences
Source DF F P trt

5.0 M 0.0000

Error M

Component of variance for between groups 0.01613
Effective cell size 3.0

Treatment Mean clay pot
0.1500 heap on floor 0.4500

jute sack 0.4000 plastic

drum  0.5000 polypropylene
0.4800 triple sack  0.3500
Observations per Mean 3
Standard Error of a Mean

0.0133

Std Error (Diff of 2 Means) 0.0189

Completely Randomized AOV for Phosphorus
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Source DF SS MS F P trt
5 0.03505 0.00701 4.08 0.0213

Error 12 0.02060 0.00172

Total 17 0.05565

Grand Mean 0.1517 CV 27.32

Homogeneity of Variances F P
Levene's Test 3.95 0.0238
O'Brien's Test 1.76 0.1965
Brown and Forsythe Test  3.49 0.0354

Welch's Test for Mean Differences
Source DF F P trt

5.0 M 0.0000

Error M

Component of variance for between groups 0.00176
Effective cell size 3.0

Treatment  Mean clay pot
0.1300 heap on fl00r 0.0900
jute sack  0.2100 plastic
drum 0.1300 polypropylene
0.1400 triple sack  0.2100
Observations per Mean 3
Standard Error of a Mean  0.0239
Std Error (Diff of 2 Means) 0.0338

Appendix IV: SOME PICTURES TAKEN DURING THE STUDY
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Grain Moisture Tester

Picturel: Moisture determination

Picture 3: Sieving for insects
Picture 4. Temperature & Relative
humidity measurement
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Picture 5: Weighing of grains for storage Picture 6: Counting of live insects
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