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ABSTRACT
The study was carried out in the Dormaa Ahenkro District of Brong Ahafo Region in
Ghana to assess the effect of different storage methods on some quality characteristics
of cowpea (Vigna unguiculata) grains of Nhyria, Tona and Soronko which were
identified as the most popular cultivated varieties in the district. Purposive sampling
was used in the selection of the five (5) communities from Dormaa Ahenkro district to
participate in the research. The communities selected were Kosane, Asikesu,
Atesikrom, Besease and Badukrom. However, simple randomized sampling was used
to select ten (10) farmers from each community and fifty (50) cowpea marketers, of
which twenty two (22) were wholesalers and twenty eight (28) were retailers. The
study determined the effect of different storage methods on the proximate and mineral
composition. Other quality characteristics such as live insect count, dead insect and
grains with holes were also assessed during the three (3) month of storage. Proximate
and mineral composition was carried out on the cowpea varieties before storage. The
storage methods; drum (with no chemical), drum with phosphine tablet and hermetic
bag. Majority (50%) of the active farmers was within the age ranged of 30 - 40 years
and that of the cowpea marketers were 20-29 years. Majority (70%) of the farmers
had secondary education. The field survey revealed five varieties under cultivation by
the farmers. They were; “Uganda” (white with black-eye), “Mallam adamu” (red),
“Soronko variety, Nhyira variety and Tona variety. The major storage methods used
were storage rooms (10%), nylon bags (40%), empty drum (36%) and hermetic bag
(4%). Ninety two (92%) of those that stored their produce in storage rooms do
regular spraying to prevent disease and pest infestation. Thirty two (32%) of the
marketers (wholesalers and retailers) adopted good sanitation measures to prevent
disease and pest infestation. The major challenges during storage are disease and pest

v

attack (80%), theft (16%) and not well dried cowpea grains (4%).The live insect count
for the three varieties ranged from (0.74– 0.82) with no significant difference
occurring among the varieties. Mortality rate was higher in the Nhyira cowpea variety
during the three (3) month of storage period. It was observed that 68% and 8% of the
marketers (wholesalers and retailers) used actellic, used phosphine tablet respectively.
The high crude protein, crude fibre, moisture and ash content before and after storage
suggested that the differences observed are mainly genetic. The low level of reduction
in cowpea grain quality in terms of available live insect, dead insect and grains with
holes was correlated to the level of infestation by the Callosobruchus maculatus.
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CHAPTER ONE
1.0 INTRODUCTION
Cowpea is a food grain legume that plays an important role in the lives of millions of
people in Africa and other parts of the developing world. The crop is also a valuable
and dependable commodity that produces income for many small holder farmers and
traders in Sub-Saharan Africa (Langyintuo et al., 2003). In West Africa, cowpea is
grown mostly in subsistence farming systems and on a small scale in the lowland dry
Savannah and Sahelian regions. However, cowpea cropping systems are changing to
monocropping as the crop’s economic importance increases. The cultivation of
cowpea in Ghana is carried out mostly in the transitional zone of northern guinea
savannah zone of Northern, Upper East and Upper West Regions. The major season
for cowpea cultivation is from May to August. However, a few resourceful farmers
who can protect their cowpea plants against field pests plant around late July or early
August, and harvest in October. Production of cowpea in Ghana is among the lowest
in the world in terms of yield, averaging 310 kg/ha (IITA, 2009). Hence, efforts have
been made to improve cowpea production in Ghana through various means including
the introduction of new varieties.
In Africa, cowpea is the most popular legume and the largest part of the world
production originates from this continent. Cowpea is adapted to stressful
environments where other crops fail. It is a food security crop in the semiarid zone of
West and Central Africa (WCA) which ensures farm household subsistence food
supply even in dry years. Recently, FAO, (2009) estimated the world production area
as 5.6 million hectare, of which at least 90% is in West and Central Africa, and the
annual world grain production is estimated at 2.7 million tonnes. World cowpea
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production was estimated at 3 319 375 MT and 75% of that production is from Africa
(FAOSTAT, 2000). The principal cowpea producing countries are Nigeria, Niger,
Senegal, Ghana, Mali, and Burkina Faso (FAOSTAT, 2000). Nigeria is the largest
cowpea producer in West Africa. Post-harvest insect pest of cowpeas (Vigna
unguiculata (L.) Walp) in sub-Saharan Africa is one of the major factors that reduce
the nutritional quality and economic value of the grain (FAOSTAT, 2000). In
anticipation of losses during storage producers sell at harvest when the price is lowest.
The principal pest is the cowpea bruchid, Callosobruchus maculatus (F.), but other
bruchids cause losses as well. The losses have been attributed to improper methods
used in grain storage. The high losses occurring after storage compels wholesalers and
retailers not to buy in large quantities and store for future sale/usage. Many cowpea
chain agents are not sure of what storage methods to use to reduce economic losses.
The nutritional benefits associated with cowpea consumption are clear and cannot be
over emphasized. Since cowpea is locally consumed in so many forms in Ghana, there
is the need to derive maximum benefit from its production to boost the nutritional
needs of the populace. The various stakeholders involved in the distribution chain
therefore needs information on the various storage methods and how they impact the
quality of the grains after storage especially Nhyira, Asomdwee, Adom, Soronko and
Tona varieties which is the most preferred varieties and highly nutritious in Ghana. As

a result of these uncertainties further research is needed to identify an acceptable
storage method and establish the possible effects of the various storage methods on
the quality of cowpea grains.
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The main objective of this research, therefore, was to determine the effect of
different storage methods (traditional use of empty drum, the use of phosphine
tablet and the use of hermetic bag) on the quality characteristics of Tona, Nhyira
and Soronko cowpea grains.

The specific objectives were to determine the;
1. Various storage methods (traditional use of empty drum, the use of
phosphine tablet and the use of hermetic bag) used by farmers and cowpea
dealers in the Dormaa Ahenkro district
2. Storage methods (traditional use of empty drum, the use of phosphine tablet
and the use of hermetic bag) that best preserves cowpea (Tona, Nhyira and
Soronko) grains quality during storage.
3. Effect of the various storage methods on the proximate and mineral
composition of cowpea grains after storage

3

CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Introduction
Cowpea is an herbaceous annual belonging to the subtribe phaseolinae, the tribe
phaseoleae, the family papilionaceae and the order leguminosales. The fruits are
elongated pods, 12-20 cm long. The seeds are smaller than those of the common
bean. The seed coat of the many cultivars comes in a wide range of colours-white,
grey, red, ochre and black. The seed colour may be uniform or mottled, with or
without a brown or black ring around the hilum (Raemaekers, 2001). Cowpea is
cultivated extensively in 16 African countries yielding about two-thirds of the
world output estimated at 2.5 million tonnes of dry beans. The main cowpeaproducing countries are Nigeria, Niger, Burkina Faso, Ghana, Kenya, Uganda,
Malawi and Senegal (Raemaekers, 2001).Cowpea (Vigna unguiculata [L.] Walp)
has the potential to contribute to food security and to poverty reduction in West
Africa. The demand for cowpea in this region is increasing because of high
population growth, mainly from the urban areas, and also because of poverty and
the demand for low-cost food (Raemaekers, 2001).

2.2 Cowpea Production and Distribution
In West Africa, cowpea is grown mostly in subsistence farming systems and on a
small scale in the lowland dry Savannah and Sahelian regions. Traditionally, cowpea
is grown in association with cereals such as sorghum, millet, and maize mainly in the
Sahelian regions (Pedune Cameroon, 1999). However, cowpea cropping systems are
moving towards monocropping as the crop’s economic importance increases. For
example, cowpea monocrop has taken off in central Mali, as a result of an integrated
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rural development project which supplied improved seed, fertilizer, and pesticides on
credit (Coulibaly, 1987). The largest producer and consumer of cowpea in West
Africa (and in the world) is Nigeria where a dense population creates an enormous
demand for the crop.
Cowpea monocrop is frequent in cotton producing zones and in inland valleys and the
Lake Chad basin in Cameroon (Pedune Cameroon, 1999). The increase in cowpea
production is linked to the use of improved technologies including high yielding
varieties and improved crop protection and production practices. World cowpea
production was estimated at 3 319 375 MT and 75% of that production is from Africa
(FAOSTAT, 2000). West Africa is the key cowpea producing zone, mainly in the dry
savannah and semiarid agro ecological zones. The principal cowpea producing
countries are Nigeria, Niger, Senegal, Ghana, Mali, and Burkina Faso (FAOSTAT,
2000). Nigeria, the largest cowpea producer in West Africa, also has the highest level
of consumption with a population of 113.8 million and a per capita consumption of 23
kg per year.
2.4 Nutritional value of cowpea
The diet of most people in developing countries is based on processed cereal grains
such as maize, sorghum and rice, on roots such as cassava, and on fruit such as
plantain. Other than the starchy roots and tubers, these foods, because they are
eaten in large quantities since they provide considerable protein. But the quality of
the protein leaves much to be desired, particularly for children and pregnant and
lactating women. Food legumes, because of their high protein content, in general,
constitute the natural protein supplement to staple diets, and cowpea in Africa at
least, represents the legume of choice for such populations (Singh, 1985). It is
obvious that when daily bean intake is high, it provides significant amounts of
5

protein, calories, and other nutrients (Singh, 1985). The protein content ranges
from 23-30% depending on the genotype and environmental conditions. The lysine
content is relatively high and thus the grain improves the protein quantity of
cereals. The raw type seeds contain an average per 100g of edible matter, 10.0g
water, 22.08g protein, 59.18g carbohydrates, 3.78g fibre, 3.7g ash, 104mg Ca, and
other elements in negligible magnitude. The energy value is 1,420 KJ (340kcal)
per 100g (Raemaekers, 2001).
2.5 Storage of cowpea
Cowpea storage may be conducted for the purpose of; Maintaining regular supply
throughout the year, Sale in times of scarcity at high prices to fetch more money,
Preservation of seeds for planting at the next cropping seasons and it also encourages
Price stabilization when Government buys surplus cowpea at time of harvest at low
prices and release them periodically in times of scarcity to force prices down and
prevent inflation. There are number of storage methods available to cowpea farmers.
The use of botanical ashes to protect the grain from post-harvest losses caused by
insect weevils is highly significant and contributes significantly to the uniqueness and
success of this system (GIAHS Programme, 2006). Good grain storage prevents grain
losses and maintains grain quality. One of the most effective means of achieving this
is the use of fumigation or controlled atmosphere storage. The techniques work by
holding grain in a gas-tight enclosure in a gaseous atmosphere that will kill or limit
agents of biodeterioration (Dramani, 2010).
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2.5.1 Storage Control methods
According to Dramani, (2010), control of cowpea storage pests and diseases can be
achieved by:


Using of good storage structures



Using of conventional insecticides



Using of plant materials

2.5.1.1 Cowpea storage structures:
The following structures are recommended by Ali, (2008), for cowpea storage:


Earthenwave Granaries (Rumbus)



Steel Drums/Tins



Polythene bags



Silos



Pit method



Earthenwave



Grass rumbus



Mud rumbus

2.5.1.2 Use of conventional insecticides
Where grains are already infested by insect pests, it often becomes necessary to apply
insecticides for their control. The recommended insecticides by Ali, (2008), for
storage of cowpea include:


Actellic 25 E.C



Actellic 2% dust



Phostoxin tablet



Actellic 25 EC
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2.5.1.3 Use of plant Materials
Several plant materials have been found to be effective in controlling insect pests of
stored cowpea. Neem kernel powder applied at 5-10 g per 100 g seed has been found
to be effective in protecting stored cowpea from insect attack (Sowunmi and
Akinnusi, 1983; and Oparaeke et al., 1998). Similarly powders of Eucalyptus, guava,
and lemon grass leaves as well as orange and grape peels applied at similar rates can
adequately control the insect pests on stored produce. Sesamum indicum,Capsicum
frutescens (L.) Ocimum basilicum and ash have been used by farmers to control stored
cowpea insect pests. Groundnut oil at 5-10 ml per kg, palm oil, palm kernel oil and
castor oil at 6 ml per kg cowpea seed have also been used to control insect pests of
stored cowpea. Most plant materials have repellant, anti-feedant and insecticidal
properties. Some also interfere with normal activities of the pests preventing their
multiplication. The plant materials are cheap, easily available and easy to use. They
have low mammalian toxicity, are non persistent and most do not affect seed viability
and palatability (NRI, 1999)

2.6 The use of Phostoxin (Aluminium phosphide)
Phosphine has been widely used as a grain fumigant in Queensland for many years.
Until recently, grain stored in large bins were routinely treated by adding aluminium
phosphide tablets to the grain stream as it was conveyed to or entered the storage bin
(Ripp,1984).This should be applied at the rate of 1 tablet per 100 kg cowpea in an

air-tight container. Place the tablet in a paper envelops or wrap securely in tissue
paper. After four days, remove and bury the paper and its contents. Phostoxin
tablets may be used at the rate of 1-3 tablets per ton. The treatment should be
repeated after 4-6 months. Fumigation is a very specific operation in which a gas is
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held in an air-tight enclosure for a set period of time. Fumigation is a very convenient
pest control technique as grain can be treated without undue disturbance. Bruchid
control in stored legumes using chemical fumigants and protectants is effective, but
there may be problems of objectionable residue on treated commodities, handling
hazards, insect development of resistance to the chemicals (Ofuya, 1992).

2.7 Hermetic
Recently it has been shown that the toxic effects of low oxygen concentration are
much increased by the presence of relatively low level (10-35%) of CO2 (Ripp, 1984).
Controlled atmosphere with elevated carbon dioxide (CO2) or nitrogen (N2) and
depleted oxygen can be used to control insects and mites in stored grain (Jayas et al,
1993). Atmospheres with low oxygen content offer a safe, residue free alternative to
chemical fumigants and protectants for controlling insects infesting stored grains and
grain products. According to (Dramani, 2010), indoor storage of bag-stacks of rice,
maize and soybeans within sealed plastic enclosures under high CO2 atmosphere can
control pest infestation effectively and prevent quality deterioration of grains when
done correctly Preservation of food grains under natural airtight underground storage
has long been practiced in India and other countries. Absence of insect attack has
been reported to be a good feature of underground storage structures. In fact, this easy
way of solving the insect problems has caught the imagination of many workers in
different parts of the world, and many investigations have been carried out to
understand the causes of insect death in airtight condition. For example, the following
investigations have been carried out according to Shejdall, (1980), determination of
moisture, oxygen level and germination potential. Tropical countries are expanding
agricultural production to meeting the increasing food requirement of their people.
More available food requires storage for longer periods. With the uncertainty of
9

climate, and the need for self-reliance, consideration must be given to storage systems
that enable safe storage for long periods at low cost and with minimum use of
pesticides. Low cost storage can be achieved on a large scale with the use of hermetic
structures (Boxall, et al., 1974). Many workers have shown that removal of oxygen by
respiration causes insects to die in a sealed container. In practice also there is some
risk of oxygen diffusing into containers and permitting some survival (Dramani,
2010).
Controlled Atmosphere storage involves changing the composition of the gas in the
store so that it is different to that of atmospheric air for most, if not all, of the storage
period. In the simplest situation, the grain is sealed into a gastight enclosure and the
natural product of respiration, carbon-dioxide (CO2) is allowed to increase.
Eventually, the CO2 concentration rises to the point that insects’ populations are
prevented from developing further and are eventually killed (Dramani, 2010).
2.8 Pests and Diseases of Stored Cowpea
The major insect pests of stored cowpea in tropical Africa include: Callosobruchus
maculatus (Fab.) and ii) Bruchidius atrolineatus (Pic), with the former the most
prevalent. C. maculatus attack usually starts with females laying eggs on ripening
cowpea pods in the field (Caswell, 1984). It is reported that in northern Nigeria, less
than 5% of pods are infested (Booker, 1967). During eclosion, the larvae burrow
through the chorion of the egg directly into the pod wall, and then into the seed, where
the larvae develop and pupate (Dramani, 2010). Store infestation is frequently derived
from harvested field-infested pods or seeds (Alzouma, 1981) but may also come from
hidden infestation in the store respective of source of initial infestation, the founder
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population consists of relatively few individuals that can breed and proliferate to pest
proportions in a relatively short time (Dramani, 2010).
Bruchidius atrolineatus (Pic). This beetle commonly infests and damage seeds of
cowpea (Vigna unguiculata) and is sympatric in the distribution with C. maculatus in
the West African Sahel (Ofuya and Credland, 1995b). B. atrolineatus is primarily a
field pest (Booker, 1967). In the West African Sahel, adults are seen in cowpea fields
at the flowering and podding phases and the females lay eggs on mature and ripening
pods, and at harvest about 80-90% of the pods are infested (Alabeek, 1996). Average
egg loads in the field are about ten eggs per pod, but may be higher (Huignard et al.,
1985). Cowpea pods taken into storage are infested with B. atrolineatus eggs and the
larvae at different stages of development.
2.8.1 Fungal diseases on stored cowpea
These are caused by Aspergillus flavus and Aspergillus fumigatus. The fungi
associated with stored foods and agricultural commodities have been classified into
two types namely, the field and storage fungi (Christensen, 1957). Most of the storage
fungi are moulds. Although, grains naturally acquire a mould flora in the field and
after harvest, they are normally of little consequence unless the environmental
conditions favour fungal growth. Thus, poor storage conditions predispose grains to
fungal spoilage, this being exacerbated by insect damage. Climatic conditions in the
tropical countries often provide ideal conditions for high mould growth which
develop on or within seeds at moisture contents within the storage structure. Effect of
fungi on stored cowpea Fungi growing on or in stored cowpea cause a variety of
losses.
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These include; decrease in germinability; discoloration of parts (usually the germ or
embryo) or all the seed; heating and mustiness; various biochemical changes such as
increase in fatty acids, reducing sugar and respiration; production of mycotoxins
which if consumed may be harmful to man and animals; and loss in weight (Bunyam,
1987). The fungi decrease the quality of the cowpea through discoloration or change
in taste (bad flavour or smell) and also decrease the nutritive value. Spontaneous
heating and associated increase in respiration of the grain in storage has been reported
to be due to microorganisms and are known to raise the temperature of the grain up to
70-75oc (Kasperssen, 1986). The effect on seed germinability has been linked to the
invasion of the embryo by storage fungi. These authors reported the invasion of germ
of seeds by species of Aspergillus which led to the rapid death of the germ
(Christensen and Kaufmann, 1998).
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Location of Experiment
The research was conducted at the Laboratory of the Department of Horticulture,
KNUST, Kumasi and Crops and Soil Science Department, KNUST, Kumasi Ghana.
The research period was from 5th December, 2013 to 20th June, 2014.
3.2 Sample Collection
Samples of cowpea seeds stored under identified methods were randomly collected
from farmers in the District under study. The seeds were sent to the Center for
Scientific and Industrial Research - Crops Research Institute (CSIR-CRI) for
identification.
3.3 Experimental Design
The experimental design was a 3x3 factorial in a completely randomized design
with 3 treatments and replicated three times. However, with the hermetic treatment
27 small plastic containers were used and three containers were taken monthly for the
data determination since, with hermetic, the containers could not be opened and sealed
back without oxygen being taken in to the containers. Each treatment was made up of

nine kilogram of grains (9 kg)

3.4 Field Survey
Purposive sampling was used in the selection of the five (5) communities from
Dormaa Ahenkro district to participate in the research. The communities selected
were Kosane, Asikesu, Atesikrom, Besease and Badukrom. However, simple
randomized sampling was used to select ten (10) farmers from each community and
fifty (50) cowpea marketers (wholesalers and retailers)

13

3.5 Research Material/Crop
The research materials were Nhyira, Soronko and Tona cowpea seeds
3.6 Treatments
The storage treatments were:
1. Traditional use of empty drum (control)
2. The use of drum with phosphine tablet (0.04grammes) into each container
3. Hermetic, where containers were tightly sealed to prevent the exchange of air
between the environment inside the container and the environment outside the
container

3.7 Monthly Data Reading
3.7.1 Determination of dead and live insects: This was done by taking samples of one
kilogram from each treatment, and by using a sieve the numbers of dead and live
insects was counted manually and recorded (Dramani, 2010).

3.7.2 Determination of number of holed grains in each treatment: This was done by
randomly counting 1000 grains from samples of each treatment, and manually
counting the number of holes in each grain, after sorting them out according to the
number of holes (Dramani, 2010).
3.8 Daily Data Reading
3.8.1 Temperature
This was done by using a thermometer (TR-60-B, Greece)
3.8.2 Relative humidity
This was done by using a hygrometer (Vaisala HMT 330, Mega depot, USA)
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3.9 Determination of Some Quality Characteristics
The proximate and mineral composition was carried out on samples before storage
and after three months of storage.
3.9.1 Determination of Moisture Content
A 2.0g sample was accurately weighed into a previously dried and weighed glass
crucible. It was dried in a thermostatically controlled forced convection oven
(Gallenkamp, England) at 50°C for 18 hours. The glass crucibles were removed and
transferred into desiccators for cooling after which they were weighed (AOAC, 2000)
𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑤𝑒𝑖𝑔ℎ𝑡

% Moisture Content = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑥 100

3.9.2 Determination of Ash Content
A 2.0g sample was accurately weighed into a pre-ignited and previously weighed
porcelain crucible and placed in a muffle furnace (Gallenkamp, England) and ignited
for 2 hours at 600 0C. After ashing, the crucibles were cooled below 2000C in a
furnace for 20 minutes and further cool to room temperature in a desiccator (AOAC,
2000).
𝐴𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡

% Ash = 𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑥 100
3.9.3 Determination of Fat Content
A 2.0g sample was transferred into a paper thimble, plugged at the opening with glass
wool to evenly distribute the solvent as it drops on the sample during extraction and
placed into a thimble holder. The sample packet was placed in the butt tubes of the
soxhlet extraction apparatus. The extraction flask was placed on an oven for about
5mins at 110°C then cool and weighed. The fat was extracted with petroleum either
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for 2-3 hours without interruption by gentle heating. The extraction flask was
dismantle and allowed to cool. The ether was evaporated on steam or water bath until
no odour of ether remains. It was then allowed to cool to room temperature and the
extraction flask and its extract were recorded (AOAC, 2000)

% ether extract =

𝑒𝑡ℎ𝑒𝑟 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑤𝑒𝑖𝑔ℎ𝑡
𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡

𝑥 100

3.9.4 Determination of Crude Fibre Content
The sample from the crude fat determination was transferred into a digestion
flask.200ml of boiling sulphuric acid (H2SO4) solution and anti- foaming agent
(asbestos) was added to the flask and immediately connected to a digestion flask with
a condenser and heated. The sample was boiled for 30 minutes during which the
entire sample was allowed to become thoroughly wetted while any of it was prevented
from remaining on the sides of the flask and out of contact with the solvent. After 30
minutes, the flask was removed; its contents filtered through linen cloth in a funnel
and washed with boiling water until the washings were no longer acidic.
The sample with asbestos was washed back into the flask with 200ml boiling sodium
hydroxide (NaOH) solution. The flask was reconnected to the condenser and boiled
for 30 minutes. The content was again filtered through linen cloth in a funnel and
washed thoroughly with boiled water, then with 15ml of 95% ethanol. The residue
was transferred into previously dried and weighed porcelain, in an oven at 110 0C to a
constant weight. It was then cooled in a desiccator and weighed. The crucible and its
contents were ignited in a muffle furnace at 550 0C for 30 minutes until the
carbonaceous matter has been consumed. Cool in a desiccator and weigh. The loss in
weight was recorded as the crude fibre.
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Calculation
% Crude fibre =

𝐴−𝐵
𝐶

𝑥 100

Where A = Wt. of the dry crucible and sample
B= Wt. of incinerated crucible and ash,
C= Sample weight.

3.9.5 Determination of Crude Protein Content
The methods involve;
1. Digestion of sample
A 2.0g sample was placed in a kjeldahl digestion tube together with a small amount of
a selenium-based catalyst and a few anti-bumping granules. 25ml concentrated H2SO4
was added and the tube shaken until the entire sample was thoroughly wet. The flask
was placed on a digestion burner in a fume chamber and heated until the resulting
solution was clear. This was then cooled to room temperature and the digested sample
solution transferred into a 100ml volumetric flask and made up to the mark.
2. Distillation of digest
25ml of boric acid was poured into a 250ml conical flask and 3 drops of mixed
indicator added, turning the solution pink. The conical flask and its contents were
placed under the condenser with the tip of the condenser completely immersed in the
boric acid solution. 10ml of the digested sample solution and about 50ml of 40%
NaOH solution were transferred into the decomposition flask and the funnel stopcock
well closed. Ammonia (NH3) liberated during the distillation was collected by the
boric acid solution, changing it from pink to bluish-green.
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3. Titration of distillate
The distillate was titrated against 0.1N hydrochloric acid (HCl) solution until the
solution changed from bluish-green to pink. The end point was recorded and the titre
values obtained were used to calculate the total nitrogen and the percentage crude
protein
Calculation
The N content of the sample was calculated by the formula;
Total Nitrogen (Nr) (g kg-1) =

(𝑚𝑙 𝐻𝐶𝑙−𝑚𝑙 𝑏𝑙𝑎𝑛𝑘𝑠) ×𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 ×14.0𝑙
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔) ×10

Therefore
% Crude Protein (CP) = Total Nitrogen (NT) x 6.25 (Protein factor)

3.9.6 Determination of Carbohydrate Content
This was calculated by the difference method
3.10 Mineral Analysis
i. Methodology
One (1.0) gram of sample was weighed into a clean ceramic crucible. An empty
crucible was included for a blank in each batch of 24 samples. The samples were
arranged in a cool muffle furnace and temperature ramped to 500oC over a period of 2
hours. The samples were allowed to cool down in the furnace. Samples were then
removed from the furnace ensuring that the environment is free from breeze. Ashed
samples were transferred first into already numbered 50 ml centrifuge tubes.
Crucibles were rinsed with 10 ml of distilled water into the centrifuge tubes. More
rinsing of the crucible with 10 ml of aqua regia was done. The samples were shaken
for 5 minutes for proper mixing on a mechanical reciprocating shaker. The clear
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supernatant digest were decanted into clean reagent bottle for P, Ca, Mg and K
determinations.
ii. Method of determination of calcium (Ca) and magnesium (Mg)
Calcium and magnesium determination by EDTA titration involves addition of
several reagents. These reagents were prepared as;
Buffer solution – 60 g of ammonium chloride was dissolved in about 200 ml of
distilled water. 570 ml of concentrated ammonium hydroxide was added and diluted
to 1000 ml in a volumetric flask.
Potassium cyanide: 10 % KCN (W/V) was prepared by dissolving 50 g of KCN in
500 ml of distilled water in a volumetric flask. This solution complex off all cations
that react with EDTA.
Potassium hydroxide: 10 % KOH (W/V) was prepared by dissolving 100 g of KOH in
a litre of distilled water. Necessary when determining Ca 2+ since it enables it to react
with EDTA.
Calcon – red (cal – red) indicator: This indicator gives red coloration when Ca

2+

is

absent but gives bluish colour when Ca 2+ is present.
Triethanolamine (TEA): 30 % (V/V) was prepared by diluting 300 ml TEA in a litre
of distilled water. This is a viscous solution which is included to maintain p H.
Erichrome Black T (EBT): 0.2 g of EBT was weighed and dissolved in a mixture of
50 ml methanol (85 %) and 2 g hydroxylamine hydrochloride. Indicator for
determining Ca

2+

+ Mg

2+

. Gives red coloration in the absence of Ca

2+

+ Mg

2+

and

bluish coloration in the presence of Ca 2+ + Mg 2+.
0.02N EDTA Solution (Versenate): 3.723 g of reagent grade disodium
ethylenediamine tetra acetate dehydrate was dissolved in distilled water. It was diluted
to 1000 ml and standardized against magnesium solution with EBT indicator (one ml
of 0.02 N EDTA = 0.4 mg Ca = 0.24 mg Mg). EDTA complexes with Ca2+ and
removes it from solution giving a blue end point in the presence of Ca2+.
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Calcium standard (0.02 N): 1.0 g of reagent grade calcium carbonate (CaCO3) was
dissolved in 1 ml of conc. HCl and diluted to 1000 ml with distilled water.
Magnesium standard (0.02 N): 2.465 g of reagent grade magnesium sulphate
heptahydrate was dissolved in 1000 ml distilled water.
Determination of calcium
5.0 ml of sample solution was transferred into a 100 ml Erlenmeyer flask. 10 ml of 10
% KOH solution was added followed by 1 ml of 30 % TEA, five drops of 2 % KCN
and one drop of EBT indicator solution. The mixture was shaken to ensure
homogeneity. The mixture was titrated with 0.02 N EDTA solution from a red to blue
end point.
Calcium in mg = Titre value of EDTA x 0.40
𝑚𝑔 𝐶𝑎𝑙𝑐𝑖𝑢𝑚

% Calcium = 𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑥 100

Determination of magnesium
5.0 ml sample solution was emptied into a 100 ml Erlenmeyer flask. 5 ml of
ammonium chloride – ammonium hydroxide buffer solution was added followed by 1
ml 30% TEA. Three drops of 10 % KCN and a few drops of EBT indicator solution.
The mixture was shaken to ensure homogeneity. The mixture was titrated with 0.02 N
EDTA solution from a red to blue endpoint.
Magnesium in mg = Titre value of EDTA x 0.24
% Mg =

𝑚𝑔 𝑀𝑎𝑔𝑛𝑒𝑠𝑖𝑢𝑚
𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡

𝑥 100

Method of determination of potassium (K)
1.908 g and 2.542 g of analytical grade KCl and NaCl respectively previously dried in
an oven for 4 hours at 105oC were each dissolved in 200 ml of deionised water. The
two solutions were mixed together and volume made up to 1000 ml. This gave a
combined standard of 1000 ppm. For K, a calibration curve (standard curve) of 200,
400, 600 and 800 ppm was prepared. Similarly, a standard curve of 20, 40, 60 and 80
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ppm was prepared for sodium. All the absorbance reading was taken using the flame
photometer. The sample solution from the HClO4 and HNO3 was read on the flame
photometer. From the standard curve, the concentration of K and Na were calculated
using the particular absorbance observed for the sample.
Calculation:
K content (g) in 100 g plant sample, (% K) =

𝐶 ×𝑑𝑓 ×100
1 000 000

=

𝐶 ×100 ×100
1 000 000

3.11 Analysis and Interpretation
The field survey was analyzed using Statiscal Package for Social Scientist (SPSS) and
laboratory results were analyzed using Statistix 9 Students Version. Means were

separated using HSD at 1% significance level.

21

CHAPTER FOUR
4.0 RESULTS
4.1 Field Survey
4.1.1 Gender Dynamics of Farmers and Marketers
Table 4.1 reveals the gender of respondents. It was observed that 70% of the farmers
were male whiles 30% were also female. All the respondents for the marketers
(wholesalers and Retailers) were female, representing 100% with 36% been
wholesalers and 64% retailers.
Table 4.1: Gender distribution of farmers and marketers
Gender

Farmers

Marketers

Male
Female

Wholesalers
Retailers
Frequency Percentage Frequency Percentage Frequency Percentage
0
0
35
70
0
0
32
64
15
30
18
36

Total

50

100

18

36

32

64

Source: Field Survey, 2014

4.1.2 Age Dynamics of Farmers and Marketers
From Table 4.2 it could be inferred that, majority of the farmers were above 30 years
representing 50% of the respondents. The lowest (10%) age group for the farmers was
within the age range of 20-29 years whereas farmers below 20 were (40%). The
highest age range was within 20-29 years, with 40% and 46% from wholesalers and
retailers, respectively. It was observed that 4% and 6% of the wholesalers and
retailers were within the age ranged 30-40.
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Table 4.2: Age Dynamics of Farmers and marketers
Gender

Farmers

Frequency Percentage
20
40

Marketers
Wholesalers
Retailers
Frequency Percentage Frequency Percentage
0
0
2
4

5

10

20

40

23

46

30-40

25

50

2

4

3

6

Total

50

100

22

44

28

56

Below
20
20-29

Source: Field Survey, 2014

4.1.3 Educational Background of Respondents
Table 4.3 shows the educational level of respondents. Four (4%) percent of the
farmers had basic level of education, 70% of the farmers had Secondary education
and (26%) were diploma holders. With regards to the wholesalers and retailers, 8%
and 6% were within the basic educational range respectively, 56% and 10 % for
Secondary education whiles 8% and 12% of wholesalers and retailers had diploma
respectively.
Table 4.3: Educational level of respondents
Education

Farmers

Marketers

Frequency Percentage
2
4
Basic
35
70
SHS/Commercial

Wholesalers
Frequency
Percentage
4
8
28
56

Retailers
Frequency Percentage
3
6
5
10

Diploma

13

26

4

8

6

12

Total

50

100

36

72

14

28

Source: Field Survey, 2014
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4.2 Agronomic and Postharvest Practices of Farmers
4.2.1 Farm Production Characteristics
Majority (80%) of the farmers had no good experience in farming having spent from 1
to 5 years in farming (Table 4.4). Just 18% of the farmers had little experience in
farming. A sizable number of farmers (84 %) had land size ranging from 1-3 acres.
Those with land ranging from 4 – 7 acres were 16 % (Table 4.4). Most of the farmers
cultivated sole cowpea (70%), cowpea and maize (10%) and cowpea, maize and
cassava (20%). Cowpea varieties under cultivation were; “Uganda” (white with blackeye) (4%), “Mallam adamu” (red) (6%), “Soronko (30%), Nhyira (40%) and Tona
(16%) variety
Table 4.4: Farm Production Characteristics
Variable
Number of years in farming
1-5 years
6-10 years
10 and above
Acreage of land
1-3 acres
4-7 acres
Crops under cultivation
Cowpea, Maize and cassava
cowpea and maize
cowpea only
Source: Field Survey, 2014

Frequency

Percentage

40
8
2

80
18
4

42
8

84
16

10
5
35

20
10
70

Table 4.5: Varieties under Cultivation
Varieties
“Uganda” (white with black
eye)
“Mallam adamu” (red)
Soronko
Nhyira
Tona
More than one variety

Frequency
2

Percentage
4

3
15
20
8
4

6
30
40
16
8
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4.2.2 Storage Operations
Most (70%) of the farmers stored their produce before using them whiles (30%) did
not store their produce (Table 4.6). Majority of the farmers (50%) stored their produce
in empty for future use whiles some (14%) farmers applied chemical treatment before
bagging, (4%) used their own storage room and (2%) used traditional silos. (20%) of
the farmers used hermetic bag for storage purposes. Only (4%) also stated that they
used chemical insecticide/fumigants as a preservative for proper storage. The major
challenges farmers encountered during storage were diseases and pest attack (80%),
theft (16%) and not well dried beans (4%).
Table 4.6: Storage Operations
Variable
Storage of produce before sales
Yes
No
Storage Methods
Traditional silos
Applying chemicals treatment
before bagging
Nylon sacks
Own storage room
Hermetic bags
Empty drums
Challenges during storage
Diseases and Pest attack
Theft
Not well dried beans
Source: Field Survey, 2014

Frequency

Percentage

35
15

70
30

1
7

2
14

5
2
10
25

10
4
20
50

40
8
1

80
16
2

25

4.2.3 Pest Management and Other Chemical Usage
Results in Table 4.7 shows that, 74% of farmers regularly spray their grains with
chemicals to control pest and diseases. 12%, 10% and 4% of the farmers respectively
re-checked their grains moisture levels in order to prevent storage, redried /sprayed
with chemicals or used wood ash as a means of controlling pest.
Table 4.7: Pest Management and Other Chemical Usage
Variables
Pest management
Grain moisture assessment
Regular spraying with chemicals
Use of wood ash
Re-drying /Spraying with chemicals
Source: Field Survey, 2014

Frequency
6
37
2
5

Percentage
12
74
4
10

4.3 Postharvest Operations and Practices of Cowpea Marketers
4.3.1 Market Production Characteristics
Eighty four percent (84%) of the marketers (wholesalers and retailers) had been in
cowpea trading for 3-5 years, whereas 8% and 6% of the marketers (wholesalers and
retailers) had been in the cowpea trading for 2-3year and 5-10 year, respectively. Only
2% had 10 years and above. The major sources of cowpea were from farmers (84%),
farmers and marketers own backyard (4%) and market (12%).Cowpea varieties
usually purchased by the marketers were Soronko (24%), Tona (42%), Nhyira (16%),
Uganda variety (8%) and Mallam Adamu (10%).
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Table 4.8 Market Production Characteristics
Variable

Frequency

Percentage

4
42

8
84

3
1

6
2

42

84

2
6

4
12

12
21

24
42

8
4
5

16
8
10

Number of years in cowpea trading
2-3years
3-5 years
5-10 years
10 years and above
Source of Produce
Farmers
Farmers and Marketers own backyard
Market
Varieties Sold
Soronko
Tona
Nhyira
Uganda (white with black eye)
Mallam adamu (red)
Source: Field Survey, 2014

4.3.2 Storage Operations
According to Table 4.9, 100% of the marketers stored their produce before sales.
Besides, 36% indicated that they stored their produce in empty drums, jute sacks
(10%), 40% in nylon bags, 10% in their own storage room whiles 4% used the
hermetic bag.
Table 4.9Storage Operations
Variable
Storage before sales
Yes
No
Storage methods
Storage rooms
Nylon bags
Empty drum
Hermetic bag
Jute sack
Source: Field Survey, 2014

Frequency

Percentage

50
0

100
0

5
20
18
2
5

10
40
36
4
10

27

4.3.3 Pest Management
Results in Table 4.10 indicated that, 92% of marketers regularly sprayed their storage
rooms whereas (32%) also adopted to good sanitation measures. Phosphine tablet
(8%) and actellic (68%) were the major chemicals used.
Table 4.10 Pest Management Practices
Variables

Frequency

Percentage

46
16

92
32

4
34

8
68

Pest management
Regular spraying of storage rooms
Adoption of good sanitation measures
Chemicals used
Phosphine tablet
Actellic
Source: Field Survey, 2014
4.3.4 Challenges in cowpea trading

Pest and insect attack were the major problem confronting cowpea trading, as 72% of
the respondents were in agreement. High transportation cost was the second (12%)
major problem affecting cowpea trading. The least problem was from grains with
holes (8%) as well as theft (8%).
Table 4.11: Challenges in cowpea trading
Variables

Frequency

Percentage

36
4
6
4

72
8
12
8

Challenges in cowpea
trading
Pest and insect attack
Theft
High transportation cost
Grains with holes
Source: Field Survey, 2014
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4.4 Laboratory Analysis
4.4.1 Baseline Data
The cowpea varieties (Nhyira, Soronko and Tona) cowpea were sorted and sieved to
obtained grains free from holes, weevils and insects. Proximate and mineral
composition was carried out on the grains from the three (3) cowpea varieties and
stored in the different storage materials for a three (3) month period.
4.4.1.1 Temperature and Relative Humidity Monitored
The temperature of the laboratory (storage environment) was 300 C and a relative
humidity of 80%.
4.4.1.2 Proximate Composition of the Cowpea Varieties before Storage
Table 4.12 shows the proximate composition of the three cowpea varieties before
storage. The proximate analysis results showed significant differences (P<0.01) in the
crude protein content between the three cowpea varieties. The results show that the
varieties with highest crude protein contents were Nhyira (27.9%) and Soronko
(26.04%). The variety with the lowest crude protein was Tona (25.13%). No
significant differences (P>0.01) in the crude fibre and fat contents were observed for
the different cowpea varieties. The results showed no significant differences (P>0.01)
in the moisture content between Soronko and Tona. However, it was observed that the
moisture of Soronko and Tona significantly differed from that of Nhyira variety
(P<0.01) with the moisture contents of Soronko(11.25%) and Tona(10.36%) being
higher than that of Nhyira (8.33%). The highest carbohydrate content was observed in
Tona variety (55.31%) followed by Nhyira (54.16%) with the lowest carbohydrate
content observed in Soronko variety (53.79%). However, these observed differences
were not significantly different from each other (P>0.01). Among the three cowpea
varieties, significant difference (P<0.01) in the ash content was observed between
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Nhyira and Soronko varieties with the ash content of Nhyira (2.50%)being higher
than that of Soronko (2.00%).
Table 4.12: Proximate Composition before storage
Varieties

Crude
Fibre
4.60a

Moisture
Content
2.43a

Fat

Carbohydrate

Ash

Nhyira

Crude
Protein
27.96a

4.33a

58.16b

2.50a

Soronko

26.04b

4.33a

2.56a

4.25a

60.79a

2.00b

Tona

25.13c

4.30a

2.58a

4.36a

61.31a

2.30ab

CP- Crude protein, CF- Crude fibre, FA- Fat, MC-Moisture content, CHOCarbohydrate, ASH-ash, P-Phosphorus, Ca- Calcium, Mg- Magnesium, K-Potassium
Values not followed by the same alphabet in the same row are significantly different
(P<0.01)

4.4.1.3 Mineral Composition of the cowpea varieties before storage
Regarding phosphorus content, while Nhyira and Tona varieties show no significant
differences (P>0.01) between them, the results showed significant differences
(P<0.01) between the two varieties and the Soronko variety in phosphorus content.
The highest phosphorus content was observed in Nhyira (2.33%) and Tona (2.16%)
varieties and the lowest in Soronko (0.33%). It was observed from the results that
Tona (1.45%) and Nhyira (1.44%) varieties had higher calcium contents than Soronko
(0.30%) variety but no significant differences (P>0.01) were observed between
Nhyira and Tona varieties. Rather, significant differences (P<0.01) in the calcium
content were found between Soronko and the other two cowpea varieties (Nhyira and
Tona). The results showed significant differences (P<0.01) in the magnesium content
between the three cowpea varieties. It was observed that the magnesium content was
highest in Nhyira (1.96%) followed by Tona (1.14%) and Soronko (0.23%) variety
recorded the lowest magnesium content. No significant differences (P>0.01) were
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observed in the potassium content between Nhyira (2.20%) and Soronko (2.10%)
varieties but significant differences (P<0.01) were observed between these two
varieties and Tona variety (1.23%).
Table 4.13: Mineral Composition before storage
Variety
Nhyira

P
2.33a

Ca
1.44a

Mg
1.96a

K
2.20a

Soronko

0.33b

0.30b

0.23c

2.01a

2.16a
1.45a
1.14b
1.23b
Tona
P-Phosphorus, Ca- Calcium, Mg- Magnesium, K-Potassium, Values not followed by
the same alphabet in the same row are significantly different (P<0.01)

4.5 Monthly Data Reading during Storage
4.5.1 Live Insect Count
4.5.1.1 Varieties
In the two cowpea varieties, live insect were observed from the first month of storage,
and throughout the third month of storage with no significant differences (p>0.01)
occurring. The highest live insect (0.82) was observed in Soronko cowpea variety
during the third months of storage whiles the least was from Tona (0.75) and occurred
on the third month of storage.
Table 4.14: Effect of different cowpea varieties on live insect count during
storage
Varieties
M1

Monthly Live Insect Count
M2
M3

Tona
Nhyira

0.77a
0.74a

0.75a
0.76a

0.75a
0.76a

Soronko

0.76a

0.77a

0.82a
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4.5.1.2 Storage Methods
No significant differences (p>0.01) were observed in the three storage methods used.
The empty drum had the highest average live insect count (0.81) during the last month
of storage whiles the least (0.20) was found in empty drum and phosphine on the
second month of storage. Few live insect were found throughout the empty drum and
phosphine storage method as shown in Table 4.15.
Table 4.15: Effect of different storage materials on the live insect count during
storage
Storage Methods

Monthly Live Insect Count
M1
M2
M3

Hermetic
Drum (no chemical)

0.75a
0.76a

0.76a
0.77a

0.77a
0.81a

Drum and Phosphine Tablet

0.40a

0.30b

0.20b

4.5.1.3 Interactive Effect of Variety and Storage Methods
The interactive effect of the cowpea varieties and storage methods on live insect count
is shown in Table 4.16. No significant difference (p<0.01) was observed in the
interaction of variety and storage methods on live insect count during the storage
period. The highest average live insect count (0.84) was found in the Soronko variety
kept in hermetic bag on the third month storage. However, it was not significantly
different from Nhyira variety stored in empty drum, Tona variety in empty drum as
depicted in Table 4.16. On the contrary, Tona variety kept in empty drum and
phosphine had the least average live insect count (0.30) at the end of the storage
period.
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Table 4.16: Effect of variety and storage methods on live insect count during
storage
Interactive effect of variety and storage methods
M1

M2

Monthly live insect count

M3

Drum (no chemical) X Nhyira

0.75a

0.76a

0.78a

Drum and Phosphine Tablet X Nhyira

0.40b

0.40b

0.40b

Hermetic X Nhyira

0.76a

0.75a

0.74a

Drum (no chemical) X Tona

0.77a

0.76a

0.78a

Drum and Phosphine Tablet X Tona

0.76a

0.74a

0.30c

Hermetic X Tona

0.74a

0.70a

0.78a

Drum (no chemical) X Soronko

0.76a

0.74a

0.78a

Drum and Phosphine Tablet X Soronko

0.82a

0.60b

0.40c

Hermetic X Soronko

0.80a

0.82a

0.84a

4.5.2 Dead Insects
4.5.2.1 Varieties
Regarding the dead insect count, the results indicated that there was no significant
differences (p>0.01) among the two cowpea varieties. The highest average dead insect
count (2.20) was observed in the Nhyira cowpea variety during the second month
whiles the lowest (1.94) was from Soronko and was recorded on the first month of
storage. The number of dead insects recorded was found to be higher in the Nhyira
cowpea variety in all the three months of storage than in the other two cowpea
varieties.
Table 4.17: Effect of variety on dead insect count during storage
Varieties

Monthly Dead Insect Count
M1

M2

M3

Tona

2.00a

1.98a

1.99a

Nhyira

2.10a

2.20a

2.10a

Soronko

1.94b

1.95b

2.00aa
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4.5.2.2 Storage Methods
Dead insects were observed from the first month to the third month of storage. No
significant differences (p>0.01) occurred among each storage methods used from the
first to the last month of storage. The highest number (2.44) of dead insects was
observed in cowpeas stored in empty drum and phosphine. The lowest number (1.491.50) of dead insect count was observed in cowpeas stored in empty drum as shown in
Figure 4.5. Generally, there was an increase in dead insect count as storage period
increased among the storage methods with the exception of empty drum.
Table 4.18: Effect of storage methods on dead insect count during storage
Storage Methods

Monthly Dead Insect Count
M1

M2

M3

Hermetic

1.79b

1.80b

1.82b

Drum (no chemical)

1.50c

1.50c

1.49c

Drum and Phosphine Tablet

2.22a

2.42a

2.44a

4.5.2.3 Interactive Effect of Variety and Storage Methods
Average dead insect count for all the treatments ranged from 1.00-1.98. Significant
differences (p<0.01) was observed along the storage periods in Tona variety stored in
empty drum and phosphine, Soronko variety stored in empty drum and in Soronko
variety stored in the hermetic bag as shown in Table 4.19. Nhyira variety stored in
hermetic bags on the second month and Soronko variety stored in the empty drum on
the third month all recorded (1.98) being the highest.
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Table 4.19: Effect of variety and storage methods on dead insect count during
storage
Interactive effect of variety and storage methods
Monthly dead insect count
M1
M2
M3
Drum (no chemical) X Nhyira
1.54a
1.60a
1.64a
Drum and Phosphine Tablet X Nhyira
1.00a
1.20a
2.00a
Hermetic X Nhyira
2.00a
1.98a
1.90a
Drum (no chemical) X Tona
1.90a
1.86a
1.80a
Drum and Phosphine Tablet X Tona
1.20c
1.64a
1.00b
Hermetic X Tona
1.40a
1.42a
1.40a
Drum (no chemical) X Soronko
1.24b
1.00b
1.98a
Drum and Phosphine Tablet X Soronko
1.40a
1.50a
1.42a
Hermetic X Soronko
1.60a
1.00b
1.20b

4.5.3 Grains with holes
4.5.3.1 Varieties
Table 4.20 shows the results of the grains with holes count for the three cowpea
varieties. The count for the two varieties ranged from (1.60-2.20). No significant
differences (p>0.01) were observed among the three cowpea varieties. The highest
number of holes (2.20) was from Soronko for the third month whiles the least number
(1.60) of grains with holes was observed in both Tona and Nhyira variety during the
first month of storage.
Table 4.20: Effect of variety on grains with holes during storage
Varieties
Tona
Nhyira
Soronko

M1
1.60b
1.60b
1.95a

Monthly hole grains
M2
M3
1.62b
1.95a
1.64b
1.65b
2.10a
2.20a
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4.5.3.2 Storage Methods
Significant differences (p<0.01) were observed between the storage methods (Table
4.21), however, no significant differences (p>0.01) were observed in each storage
method along the storage period. The least hole count ranged from (0.28-0.30) and
was observed in empty drum and phosphine storage method. The highest (2.00%)
hole count was from empty drum storage method. No
Table 4.21: Effect of storage methods on the grains with holes count during
storage
Storage Methods
Hermetic
Drum (no chemical)
Drum and Phosphine Tablet

Monthly hole grains
M2
M3
1.80b
1.60b
1.92a
2.00a
0.28c
0.28c

M1
1.68b
1.96a
0.30c

4.5.3.3 Interactive Effect of Variety and Storage Methods
The interactive effect between variety and storage methods is shown in Table 4.22
and did not show any significant differences (p>0.01) in each storage method during
the storage period. Tona variety kept in empty drum resulted in high number (1.90 12.00) of grains with holes. The least number of grains with holes were also observed
in both Tona and Soronko variety stored in an empty drum with phosphine tablet as
shown in Table 4.22
Table 4.22: Effect of variety and storage methods on the grains with holes count
during storage
Interactive effect of variety and storage methods
Monthly hole grains
M1
M2
M3
Drum (no chemical) X Nhyira
1.40a
1.42a
1.41a
Drum and Phosphine Tablet X Nhyira
1.00a
0.90a
0.50a
Hermetic X Nhyira
1.60a
1.58a
1.50a
Drum (no chemical) X Tona
2.00aa
1.98a
1.90a
Drum and Phosphine Tablet X Tona
1.40b
1.00b
0.80b
Hermetic X Tona
1.60a
1.64b
1.70b
Drum (no chemical) X Soronko
1.60b
1.40b
1.70b
Drum and Phosphine Tablet X Soronko
1.45a
1.30a
0.60b
Hermetic X Soronko
1.60a
1.59a
1.00a
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4.6 Proximate Composition of the cowpea varieties after storage
Table 4.23 shows the proximate composition of the three cowpea varieties after
storage. The proximate analysis of the crude protein content showed significant
differences (P<0.01) among the different varieties of cowpea. Nhyira had the highest
crude protein content of 27.33%, Soronko (25.22%) and Tona had 24.00%. However,
there were no significant differences (P>0.01) regarding crude fibre and fat contents
among cowpea, though Nhyira had the greatest crude fibre proportion (4.62%),
compared to Tona (4.42%) and Soronko (4.35%). With regard to fat content, it was
observed that Tona (2.42%) and Nhyira (2.23%) had the greatest percentage, while
Soronko recorded 1.61%. Similarly, analysis of the moisture contents of the three
cowpea varieties revealed no significant differences (P>0.01). Soronko, as shown in
Table 4.23, recorded the highest moisture content of 11.68%, followed by Tona
(10.71%) and Nhyira (8.58%). On the contrary, significant differences (P<0.01) in
cowpea carbohydrate and ash contents were observed. For carbohydrates, significant
differences were noted between Nhyira and the other varieties (Tona and Soronko),
despite Tona's carbohydrate amount being greatest (52.77%), and that of Soronko
(52.66%) being ahead of Nhyira's (50.75%). With regards to the ash content,
significant differences (P<0.01) were observed between Soronko and the others. The
results show that Nhyira contained the highest amount of Ash (2.67%) and Soronko
the least (2.05%).
Table 4.23: Proximate Composition of the three cowpea varieties after storage
Variety

Crude
Fibre
4.62a

Moisture
Content
2.23ab

Fat

Carbohydrate

Ash

Nhyira

Crude
Protein
27.33a

4.38a

54.95b

2.67a

Soronko

25.22b

4.35a

1.61b

4.68a

59.66a

2.05b

Tona

24.00b

4.42a

2.42a

4.25a

59.23a

2.48a
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4.7 Mineral Composition of the cowpea varieties after storage
In terms of mineral composition, Soronko was observed to have the least values
among three of the elements: phosphorus, calcium and magnesium. It yielded the least
phosphorus (0.30%) relative to that of Tona (2.27%) and Nhyira (1.82%). As per
calcium content Soronko (0.37%) also fell behind Nhyira (1.58%) and Tona (1.20%),
as well as for magnesium, where Nhyira (1.58% and Tano (0.90%) recorded more
than Soronko (0.37%). However, regarding potassium content, the reverse is
observed: Soronko is highest of the three varieties (2.01%), ahead of Nhyira (1.94%)
and Tona (1.21%).
Table 4.24: Mineral Composition of the three cowpea varieties after storage
Variety
Nhyira
Soronko
Tona

P
1.82b
0.30c
2.27a

Ca
1.58a
0.37c
1.20b

Mg
1.58a
0.37c
0.90b

K
1.94a
2.11a
1.21b

4.8 Effect of Different Storage Methods on the Proximate and Mineral
Composition of the Cowpea Varieties after Storage
4.8.1 Effect of Different Storage Methods on the Proximate Composition
The effects of different storage methods on the proximate composition of the three
cowpea varieties are provided in Table 4.25. The storage methods used were empty
drums, empty drums with phosphine, and hermetic bags. There were no statistical
differences (P>0.01) among the three storage methods with respect to crude protein
content. Storage of cowpea in hermetic bags and empty drums each yielded the
highest crude protein values (25.88%), greater than what was observed with storage in
empty drums and phosphine (24.77%). There were no significant differences (P>0.01)
for the effects of cowpea storage methods on crude fibre, fat, moisture content,
carbohydrates and ash content. But with crude fibre content, storage with hermetic
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bags gave the greatest figure (4.54%), while the empty drum provided the least
(4.38%). It was also observed that storing cowpea under hermetic conditions
produced the most fat (2.22%), greater than the empty drum (2.06%) and the empty
drum and phosphine (1.97%) methods. Regarding moisture content, the results again
showed that cowpea in hermetic storage recorded the greatest value (12.22%); storing
cowpea in an empty drum gave a better result (9.42%) than doing so in an empty
drum and phosphine (9.34%). The empty drum method returned the best results in
relation to carbohydrate storage (52.75%) compared to the hermetic and empty drum
and phosphine methods (51.73% and 51.71% respectively). Both the empty drum only
and empty drum and phosphine storage methods yielded the highest results (2.43%)
for ash content.
Table 4.25: Differences in the Storage Methods on the Proximate Composition
Storage Methods
Empty drum and
Phosphine tablet
Empty drum
Hermetic

Crude
Protein
24.77a

Crude
Fibre
4.46a

Moisture Fat
Content
1.97b
4.34a

Carbohydrate

Ash

56.71b

2.43a

25.88a

4.38a

2.06a

4.42a

57.75b

2.43a

25.88a

4.54a

2.22a

4.22a

59.73a

2.35a

4.8.2 Effect of Different Storage Methods on the Mineral Composition
Statistical differences (P<0.01) were observed in the composition of phosphorus
between hermetic and the other storage methods, empty drums and empty drums and
phosphine, though the empty drums and phosphine method accounted for the greatest
proportion (2.40%) of the mineral while empty drum method gave the least (1.53%).
For the rest of the minerals, Ca, Mg, and K no significant differences were observed
among the storage methods. With respect to calcium composition, empty drum
storage provided the greatest value (1.53%) with the least coming from the hermetic
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method (1.13%). The empty drum storage method also recorded the highest values for
potassium composition (2.30%) in comparison to the hermetic (1.61%) and the empty
drum and phosphine (1.94%) methods. However, storage with the hermetic method
gave the greatest magnesium content.
Table 4.26: Differences in the Storage Methods on the Mineral Composition
Storage Methods
Empty drum and Phosphine
tablet

P
2.40a

Ca
1.46a

Mg
1.97a

K
1.94a

Empty drum

1.53b

1.50a

1.95a

2.30a

Hermetic

2.34a

1.13b

2.00

1.61b

4.9 Interactive Effect of the Storage Methods and Varieties on the Proximate and
Mineral Composition
4.9.1 Interactive Effect of Storage Methods and Varieties on the Proximate
Composition
Table 4.27 reveals the interaction between the storage methods and varieties after
storage with regards to Proximate composition. It can be revealed from the results that
the interactive effect of the two factors had no significant impact on the crude fibre,
fat and moisture content. The highest (27.00%) crude protein was observed in Nhyira
variety stored in empty drum with the least (23.33) coming from Tona variety stored
in empty drum and phosphine as illustrated in Table 4.18. The carbohydrate content
was however higher in Tona variety stored in empty drum and also in Soronko variety
stored in empty drum. The ash content of the interactive effect ranged from (1.832.73%).
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Table 4.27: Effect of Storage Methods and Varieties on the Proximate
Composition
SOURCE
Storage Methods X
Varieties
Empty Drum X Nhyira

CP

CF

FA

MC

CHO

ASH

27.00a

-

-

-

50.93ab

2.60b

Empty Drum and Phosphine
X Nhyira
Hermetic X Nhyira

26.00ab

-

-

-

50.80ab

2.73b

25.00a

-

-

-

50.53b

2.70b

Empty Drum X Tona

24.33ab

-

-

-

53.66a

2.60ab

Empty Drum and Phosphine
X Tona
Hermetic X Tona

23.33b

-

-

-

52.66ab

2.73b

24.33ab

-

-

-

52.00ab

2.52ab

Empty Drum X Soronko

25.33ab

-

-

-

53.66a

2.80b

Empty Drum and Phosphine
X Soronko
Hermetic X Soronko

25.00ab

-

-

-

51.66ab

2.52b

25.33ab

-

-

-

52.66ab

2.90a

4.9.2 Interactive Effect of Storage Methods and Varieties on the Mineral
Composition
With regards to mineral test, there was no regular pattern observed as showed from
the Table 4.28. The highest calcium (1.93%) and magnesium content (1.63%) was
observed in Nhyira variety kept in empty drum and Nhyira variety stored in empty
drum and phosphine. The potassium content ranged from (1.06-2.23%) as shown in
Table 4.28. The highest (92.66%) germination percentage was recorded in Soronko
variety kept inEmpty Drum and Phosphine whilst the least was both from Nhyira
variety stored in empty drum and as well as empty drum and phosphine
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Table 4.28: Effect of Storage Methods and Varieties on the Mineral Composition
SOURCE OF VARIATION
Storage Methods X Varieties
Empty Drum X Nhyira

P

Ca

Mg

K

2.00ab

1.93a

1.63a

1.90ab

Empty Drum and Phosphine X
Nhyira
Hermetic X Nhyira

2.13a

1.66ab

1.63a

2.20a

1.33b

1.16c

1.50ab

1.73ab

Empty Drum X Tona

2.23a

1.06c

0.90abc

1.16b

Empty Drum and Phosphine X
Tona
Hermetic X Tona

2.66a

1.30bc

0.80bc

1.40ab

1.93ab

1.23bc

1.00abc

1.06b

Empty Drum X Soronko

0.36c

0.06d

0.33c

2.06a

Empty Drum and Phosphine X
Soronko
Hermetic X Soronko

0.36c

0.06d

0.40c

2.23a

0.16c

1.00c

0.40c

2.03a
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CHAPTER FIVE
5.0 DISCUSSION
5.1 Demographic Features of Respondents
5.1.1 Gender Dynamics of Respondents
It was observed that (70%) of the farmers were male whilst (30%) were female. In
addition, (36%) and (64%) of the cowpea marketers were wholesalers and retailers
respectively with no male respondents. This suggests that the majority of farm lands
are owned by males whereas cowpea marketing is dominated by the females. The
findings on the gender dynamics was quite similar to (73%) of male farmers and
(27%) of female farmers involved in cowpea production in Sekyeredumase District by
Maalekuu and Kotey, (2014). It can be deduced that majority of farm holdings are
male dominants.

5.1.2 Age Dynamics of Respondents
Majority (50%) of the active farmers was within the age ranged of 30 - 40 years and
that of the cowpea marketers were 20-29 years. The most economic working age
group were those aged from 20 to 40 years for all the respondents and hence, showed
a mixed aged grouped(youthful and adult class) are the major producers and
marketers of the pulses at the study areas This suggest most of the respondents in their
active age were involved in either cowpea production or marketing. This may be
attributed to the tedious nature of work involved especially in planting, weeding,
harvesting, transportation, distribution among others. This also shows that the cowpea
as a crop has a future in terms of production yields in the study area.
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5.1.3 Educational Background of Respondents
Majority (70%) of the farmers had secondary education. Only (12%) of the retailers
had diplomat education. Few (4%) of the farmers had basic education, Also (8%) and
(6%) of the wholesalers and retailers had basic education. The result from this study
suggests that most respondents in cowpea cultivation are mostly school drop out, thus
could not further after their secondary education. Cowpea cultivation was their second
source of income generation as most of the male farmers interviewed were either into
driving or store operation and the female farmers were also into petty trading. Also,
Income generation, food and employment were the main benefits that drove majority
of the respondents into cowpea cultivation and trading.
5.2 Agronomic and Postharvest Practices of Farmers
5.2.1 Farm Production Characteristics
It was revealed from the field survey that (80%) of the farmers had between 1 to 5
years of farming experience. (18%) of the farmers had between 6 to 10 years of
farming experience. (4%) of the farmers had more than 10 years of farming
experience. This clearly showed that those who had experience in cowpea production
were few. This might be due to the combined nature of work in the District. Therefore
most of the farmers did not want to go into large scale production. Few (16%) of the
farmers having 4-7 acres of land clearly suggest that cowpea farming was not the
major crop under cultivation. The land tenure system in Ghana which possessed
difficulties for land acquisition explains why only few farmers had farming lands of
more than 7 acres. The limitation on land for farming partly accounts for the low
annual yields of most agricultural crops.
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Also, only (70%) of the farmers were into only cowpea cultivation. Majority of the
farmers were into two or more crops in combination with cowpea. Crops such as
maize and cassava are also highly cultivated in the district. The field survey revealed
five varieties under cultivation by the farmers. They were; “Uganda” (white with
black-eye),“Mallam adamu” (red), “Soronko variety, Nhyira variety and Tona
variety.Majority of the farmers (40%, 30% and 16%) cultivate Soronko, Nhyira and
Tona varieties. Only (4%) of the farmers cultivate more than one variety during the
cropping season. Majority of the farmers cultivating the under study cowpea variety
suggests that it is the varieties of economic importance to the farmers in the District
5.2.2 Storage Operations and Pest Management
Storage methods adopted by the farmers were Traditional silos, the use of hermetic
bags, empty drum, treatment with chemicals before bagging, nylon bags and the use
of storage rooms. The most dominant storage method was the use of empty drum
(50%). This was followed by use of hermetic bag (20%) and treatment with chemicals
before bagging (14%). The low cost of empty drum, storage rooms and the traditional
silos propels some of the farmers in their use despite the dangers involved. Majority
of the farmers using empty drum in storing their cowpea grains suggest that there is
the need for community extension education on proper storage methods. The FCDP
(2005), reported that, in Ghana, cowpea is treated with Actellic 25EC or Actellic 2%
dust at 1kg of Actellic 2% dust to 20 bags of threshed cowpea and 5ml of Actellic
25EC diluted with 195ml of water to treat 100kg of threshed cowpea. According to
Olakojo et al., (2007), storing cowpea with Phostoxin in any storage container will
preserve the seeds. Studies have shown that indoor storage of bag-stacks of rice,
maize and soyabeans within sealed plastic enclosures under high CO2 atmosphere can
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control pest infestation effectively and prevent quality deterioration of grains when
done correctly (Dramani, 2010).
A greater number of farmers, (70%) storing their produce before usage gave an
indication that majority of the farmers had available storage facilities. This implied
that, the country as a whole needed major storage structures to properly store such
produce for emergency use. It could also be deduced that these farmers were capable
of producing enough to feed their families and store the extra produce for sale in an
anticipation of higher prices. The major challenges during storage are disease and pest
attack (80%), theft (16%) and not well dried cowpea grains (4%).Deterioration in
grain quality is not just a problem faced by farmers. Traders at all levels within the
system also suffer storage losses as a result of insect pest damage (Altshul, 1998).
Insect pests’ infestation and their damage is one major problem that affects grains at
storage and account for a high percentage of losses prior to and at storage. Level of
infestation and damage was often observed and reported to be greatly high in
cowpeas. Pest management practices identified were regular checking on grain
moisture content (12%), regular spraying with recommended chemicals (74%),
redrying of grains and spraying with recommended chemicals (10%) and the use of
wood ash (14%). This suggest that majority of the farmers were aware of the use of
recommended chemicals. The use of botanical ashes to protect the grain from postharvest losses caused by insect weevils is highly significant and contributes
significantly to the uniqueness and success of this system (GIAHS Programme,
2006).The use of these management practices would have improved grain quality and
a longer storage period would also benefit consumers by improving the supply of
grain legumes and hence food security during the dry season.
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5.3 Postharvest Operations and Practices of Cowpea Marketers
Majority of the marketers (wholesalers and retailers) did not have a lot of experience
in cowpea trading could be related to the age of the majority of the wholesalers and
retailers which was below 30 years. Only (84%) of the marketers (wholesalers and
retailers) had 3-5 years of experience with only (2%) having spent 10 years and above
in cowpea trading. The least number of marketers (2%) with little trading experience
could be due to professionals and other tertiary graduates with passion for trading.
Farmers were the main sources marketers (wholesalers and retailers) got their produce
from since they provided (84%) of the produce. This might be attributed to the fact
that most of the farmers were closely related with the marketers (wholesalers and
retailers). Also, most of the farmers were into large scale production and sometimes
borrowed monies from the marketers (wholesalers and retailers) to expand their
production. The reason was that, they wanted to avoid any middle man in order to
reduce their level of risk. Some marketers also preferred to source their produce from
local marketer’s backyard and also from some huge market centres. This resulted in
(4%) and (12%) respectively.
According to the field survey five major varieties were mostly traded. They were;
“Uganda” (white with black-eye), “Mallam adamu” (red), “Soronko variety,
Nhyira variety and Tona variety. These may be due to the fact there were the major
varities that were cultivated by the farmers. It was observed that (100%) of the
marketers (wholesalers and retailers) store their grains before sales. This suggests
that large number of bags is bought and therefore some must be stored before
sales. The major storage methods used were Storage rooms (10%), Nylon bags
(40%), Empty drum (36%) and hermetic bag (4%). This might be due to the
availability and the low price of nylon and empty drum as compared to the others.
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(92%) of those that store their produce in storage rooms do regular spraying to
prevent disease and pest infestation. (32%) of the marketers (wholesalers and
retailers) adopt good sanitation measures to prevent disease and pest infestation.
However, (68%) of the marketers (wholesalers and retailers) used actellic whereas
(8%) used phosphine tablet. The FCDP (2005), reported that, in Ghana, cowpea is
treated with Actellic 25EC or Actellic 2% dust at 1kg of Actellic 2% dust to 20
bags of threshed cowpea and 5ml of actellic 25EC diluted with 195ml of water to
treat 100kg of threshed cowpea. According to Olakojo et al., (2007), storing
cowpea with Phostoxin in any storage container will preserve the seeds. The high
pest and disease attack is as result of not well dried cowpea grains during storage
by the marketers. Cowpeas are mostly attack by both on the field and at storage.
Raemaekers, (2001), stated that cowpea bruchids, Callosobruchus maculatus and
Callosobruchus chinensis cause extensive damage to stored grain, infesting as
much as 60% of it. The frequent increase in fuel prices and middle men involved in
the transportation system might result in the high transportation cost. The activity
of the pest and disease infestation might also lead to grains with holes as described
by the cowpea marketers.

5.4. Baseline Data before Storage
5.4.1 Temperature and Relative Humidity
The storage environment used had an average temperature of (240 C) and relative
humidity (86%). The temperature observed in this study was low but higher relative
humidity than (30 – 42 °C) and low relative humidity (75%) reported by (Hell et al.,
2000).Higher temperatures of 30.15 – 31.30ºC and relative humidity of 60 - 70% were
recorded for stored legumes (Robinson, 1984). The low temperature and high relative
humidity may contribute to the high moisture content of the cowpea grains in this
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study. The amount of reduction of grains depends on the storage structure, with
aerated stores recording higher rates of reduction (Mestres et al., 2004).
It is well documented that, an excessively high humidity level within storage area of
grains often account for high build-up of moulds (fungi) and consequently, the release
of toxic substances due to the fungi growth. Humidity levels of the storage containers
within which the pulses were stored were significantly not different (p>0.05). Thus,
the three storage containers had an equal humidity effect on the stored groundnuts and
cowpeas. The relative humidity levels were above the recommended range (60 –
70%) (Robinson, 1984) deemed safe for the storage of the legumes.

5.4.2 Proximate Composition of the Cowpea Varieties before Storage
The observed differences in proximate composition in the cowpea varieties under
study could have been attributed to soil type, environmental conditions, cultural
practices and inherited genetic factors (Chinma et al., 2008). Since the cowpea
varieties were grown under similar conditions, their differences could have been
mainly due to the genetic makeup. Significant differences were only observed in the
crude protein, carbohydrate and ash content as shown in Table 4.12. The crude protein
content of the three varieties were generally higher (25.13- 27.96%) compared to
other findings from other cowpea varieties. The differences in the crude protein
content could have been attributed to the geographical location. (Blumenthal et al.,
2008). This therefore suggests that soils from the districts in which the crops were
cultivated had higher nitrogen levels. The higher crude protein content (27.96%) for
Nhyira variety, suggests that it could be a superior source of protein than the rest. The
higher crude protein content observed for the three varieties is indicative that the
varieties could be used to reduce protein deficiency conditions such as Kwashiokor.
The crude protein content obtained in this study were found to be higher than
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(22.33%) and (22.98%) reported on Asontem variety by Darfour et al., (2012) and
(Baysah, 2013).The crude protein content of obtained in this study was also higher
than (23.09%) reported on Soronko variety (Baysah, 2013). However, the crude
protein content of (29.00% and 26.55%) reported on Nhyira and Tona varieties by
Appiah, et al., (2011) were all higher than that reported for the same variety in this
study. Higher carbohydrate content was observed in this study when compared with
various studies on some selected cowpea varieties. Butt and Batool, 2010, also
reported carbohydrate content of (57.42%) for cowpea variety. This was quite lower
than those obtained in this study. Henshaw (2008) reported (57 – 62%) carbohydrate
content on twenty-eight varieties of cowpea seeds. The carbohydrate content of the
flours in this study was comparable to Asontem and Soronko cowpea variety (52.41%
to 56.14), (Baysah, 2013). Carbohydrates were good sources of energy and that a high
concentration of it is desirable in breakfast meals and weaning formulas.
The ash content of the three cowpea varieties ranged between (2.00 and 2.50%). The
ash content observe was quite low compared with (4.47- 4.72%) by Asare et al.,
(2013) for three cowpea varieties. Higher ash content of (3.50%) was also reported by
Darfour et al., (2012) for Asontem cowpea variety. This was also quite higher than
that obtained for the cowpea varieties in this study. The crude fibre content of the
cowpea varieties ranged from (4.30-4.60%). Butt and Batool, (2010) also reported
crude fiber content of (9.58%) for cowpea. Crude fibre content of (6.14%) was found
in Asontem variety whiles (6.13%) was reported on Soronko variety (Baysah, 2013).
Butt et al., 2010, also reported crude fibre content of (9.58%) for cowpea in Pakistan.
These findings were all higher than that found in this study. The crude fibre content
obtained in this study was however higher than (0.97%) reported on cowpea in
Nigeria by Arawande et al., (2010). Crude fibre helps in the prevention of heart
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diseases, colon cancer, diabetes etc. High fibre intake had been linked with decreased
chances of colon cancer and associated with reduced constipation. The crude fat
content of the three varieties were (4.33%), (4.25%) and (4.36%) for Nhyira, Soronko
and Tona respectively. Arawande et al., (2010) also reported fat content of (4.37%)
for cowpea seed flours found in Nigeria. Crude fat content of (1.77%) and (1.78%)
were also reported on Asontem and Soronko variety by Baysah, (2013). Butt and
Batool, (2010), also reported fat content of (1.27%) for cowpea in Pakistan. These
were all lower than that reported for this study. Differences in fat content may be due
to varietal differences (Moorthy et al., 1996). Fats are essential in diets as they
increase the palatability of foods by absorbing and retaining their flavours (Aiyesanmi
and Oguntokun, 1996), in addition to being vital in the structural and biological
functioning of cells and in the transport of nutritionally essential fat-soluble vitamins.
Diets high in fat contribute significantly to the energy requirement for humans.
Consequently, the high fat content of Tona variety would make it a better source of fat
than Soronko variety. The moisture content of the cowpea varieties varied between
(2.43%, 2.56 and 2.58%) (Table 4.12). The moisture content of Tona variety was the
highest (2.58%) but was not significantly (P>0.01) different from the others. The
moisture content of Asontem (13.67%) obtained in this study was lower than the
(14.33%) reported on Asontem variety by (Darfour et al., 2012). High moisture
content of (9.22%) was also recorded on Asontem variety by Baysah, (2013). The
lower moisture levels in this study are suggestive of longer shelf life for the cowpea
flours. Generally, increased moisture levels in flours are known to encourage the
growth of micro-organisms and consequently microbial spoilage (Oduro et al., 2009).
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5.4.3 Mineral Composition of the Cowpea Varieties before Storage
The cowpea varieties under study had phosphorus content of (0.33 to 2.33) (Table
4.13).The phosphorus content was quite higher than (0.26%) in tiger nut reported by
Oladele and Aina, (2007). Vitabase, (2009) indicated that phosphorus is essential for
the process of bone mineralization and maintenance of bone structure. The findings
on the phosphorus content were also higher than P.africana (0.19%) reported by
Aremu et al., (2006). The calcium content of the cowpea varieties was (0.30 -1.45%). The
calcium content obtain in this study was higher than (0.01 to 0.03%) ranged as reported by
Owolabi et al., (2012). Also, calcium content of (0.95%) was observed in Asontem variety.

Significantly differences (p<0.01) were observed for the magnesium content of the
cowpea varieties. The magnesium content ranged from (0.23 to 1.96%) as shown in
Table 4.13. The magnesium content observed in this study was also lower than
(1.99%) reported on Adom cowpea variety. The magnesium levels, however, were
higher than cowpea (0.01%) as reported by; Owolabi et al., (2012). The differences in
the magnesium content might have been due to soil type, environmental conditions and
cultural practices since they are from different locality (Chinma et al., 2008). Magnesium is
essential in enzyme systems and helps maintain electrical potential in nerves (Ferrao et al.,
1987).

The potassium content observed in this study was lower than (12.47%) in Asontem
variety as reported by Asante et al., (2010), but higher than the (0.01%) obtained in
Dan borno cowpea variety (Owolabi et al., 2012). These differences might be due to
the geographic location. Potassium is an important mineral which helps maintain
electrolyte balance in humans and is important in amelioration of hypertension
(Whelton et al., 1997).
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5.5 Monthly Data Reading during Storage
5.5.1 Live Insect Counts
From the results illustrated in Table 4.14, it could have been inferred that the presence
of live insect is not dependent on the cowpea variety but may be due to other factors
such as the state of the produce before storage. The type of storage methods used
however had a significant impact on the number of live insect count. The live insect
count for the three varieties ranged from (0.74– 0.82) with no significant difference
occurring among the varieties, however, Nhyira variety would be selected if live
insect count is used as a major indicator for selection. This is as a result of Nhyira
recording low average live insect counts (0.74-0.82) throughout the storage period.
According to GZT, (MOFA), (2006), timely harvesting of the cowpea varieties might
have contributed to the low incidence of live insect count for the study. According to
Ouedrago et al., (1996), cowpea weevils multiplied very fast in storage and gave rise
to new generation every month. Most often cowpea weevils attacked the pods on the
field and at transit and oviposit through the pod before getting into storage. This
might have resulted in the slight increase in the live insect count during the storage
period.
The live insect count for the hermetic bag and empty drum ranged from (0.75-0.81)
whiles the empty drum with phosphine was (0.20-0.40).The results implied, that low
insect count was observed in empty drum with phosphine. The results obtained in this
study were quite better than live insect count of (18) recorded for crib storage of
cowpea by Yakubu, (2014). According to Dramani, (2010), several studies showed that
low-dosage phosphine (PH3) fumigation for insect control, and consideration of grain
quality is economical, practical, simple and safe. Phosphine released from metal
phosphide preparations is currently the major fumigant in use for the protection of

53

stored products. Phosphine is the preferred fumigant for routine treatment, especially
in developing countries where other control techniques, including controlled
atmosphere storage will be expensive and therefore cannot be readily adopted
(Dramani, 2010). The application of the phosphine might have resulted in infestation
of most of the insect during the three (3) months of storage.
One of the major life processes is respiration, the breakdown of substrates in the
presence of oxygen to release carbon dioxide. Respiration of the cowpea grains in the
hermetic bag and empty drum themselves and the insects used up the oxygen in the
containers and produced carbon dioxide. Since insects cannot survive in the oxygen depleted environment in the containers, their development was retarded and they
eventually died off. This might have resulted in the low insect count. The presence of

an appreciable amount of live insect (0.75-0.81) in the hermetic bag and empty drum
storage may be due to oxygen diffusing into the package materials and permitting
some survival (Dramani, 2010). According to Dramani, 2010, many researchers have
revealed that, removal of oxygen by respiration is the main factor leading to death of
insect in sealed container. In practice also there is some risk of oxygen diffusing into
containers and permitting some survival. This might be the cause of the presence of
some live insect count in the hermetic bag.
The interactive effect of variety and storage methods as illustrated in Table 4.16
showed no significant differences. The live insect count ranged from (0.3-0.84).
Rahim, (2014), also reported no significant differences among storage containers in
cowpea. The most effective storage methods were empty drum with phosphine tablet
irrespective of the variety. Low insect count were reported at the end of the three (3)
months of storage for all cowpea varieties kept in empty drum with phosphine tablet.
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According to Dramani, (2010), several studies show that low-dosage phosphine (PH3)

fumigation for insect control, and consideration of grain quality is economical,
practical, simple and safe. Cowpea varieties stored with hermetic and empty drum were
not significantly different from each other. The presence of insects count in the
hermetic bag may be due to the fact that it does not give much natural protection
against insects, rodents and moisture (Ali, 2008). In general, cowpea is highly prone
to insect attack especially cowpea weevils that have high breeding at storage. It is
confirmed by Ouedrago et al., (1996) that, cowpea weevils multiplies very fast in
storage and gives rise to new generation every month. Most often cowpea weevils
attack the pods on the field and at transit and oviposit through the pod before getting
into storage.
5.5.2 Dead Insect Counts
No significant differences were observed in the three cowpea varieties for the
determination of dead insect count. Based on the result obtained in this study it can be
deduce that varietal differences is not related to dead insect count, but may be due to
other factors. Mortality rate was higher in the Nhyira cowpea variety during the three
(3) month of storage period. However, based on the findings, any of the variety could
be selected for storage when dead insect count is used as a major indicator. The dead
insect count ranged from (1.5-2.44). The highest was from the empty drum with
phosphine tablet throughout the storage period.. High dead insect count of (2) was
observed in Nhyira cowpea variety stored in empty drum with phosphine tablet at the
end of the storage period. The lowest was from empty drum storage method. The
presence of dead insect count for the hermetic bag is because the oxygen level reduces
gradually and might still support bio-deteriorative activities, initially, which would in
turn prolong the life span and multiplication of insects for grain infestation (Dramani,
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2010). The inability of the oxygen re-entering the hermetic bag might also resulted in
the rapid accumulation of stored carbon dioxide within the package which might
reduce oxygen levels in hermetic bag leading to high dead insect count. The presence
of high dead insect count in the hermetic bag and empty drum with phosphine tablet
might probably be due to the unfavourable conditions inside the containers limiting
insect development and insect infestation, causing all insects to die within the first
month of storage as showed in Table 4.18. Again, in the hermetic storage the number of
dead insect count was higher than in the empty drum. This might probably be because the
oxygen level reduces gradually and might still support biodeterioration activities, initially,

which would in turn prolong the life span and multiplication of insects for grain
infestation however, with time, the reduction in the oxygen level might create a
condition, inside the container environment, not conducive for the survival of the
insects, causing all the insects to die eventually, at a later period.
5.5.3 Determination of Hole Count
Hole count was observed for all the cowpea varieties throughout the three (3) months
of storage. The presence cowpea grains with holes cannot be attributed to varietal
differences but may be due to the variation in field infestation. The experimental
fields in which the crops are grown are not homogenous. The holed count determined
from the storage period was quite low and this can be attributed to the initial sorting
and sieving of grains and as well as the location in which the cowpea grains were
sourced. The grains were timely harvested from the field to prevent field infestation
which will lead to secondary insect infestation during storage. The harvested grains
were also kept in a controlled environment which prevented the incidence of major
insect infestation. The decrease in the hole count at the end of the storage method was
probably due to the presence of biodeterioration activities, especially by the cowpea
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weevil, as the initial oxygen level was still deterrent enough to be able to cause any
effective disinfestations of the insect. Also, there was a decrease in the hole count of
empty drum with phosphine tablet at the end of the storage period. This was probably
due to the effectiveness of the phosphine tablets used for storage, and the speed with
which the phosphine disinfestation activities attack the weevil, thereby causing 100%
insect mortality (Dramani, 2010). However, the increase in the empty drums storage
method may be due to the rapid multiplication of the insect at the beginning of the
storage period, and might results in some insect survival and causing infestation of the
grains.
With regards to the interactive effect, all the cowpea varieties stored in the empty
drum had higher grains with holes as shown in Table 4.22. Irrespective of the cowpea
variety, there may be depletion of oxygen levels in the empty drum, hence insect pest
cannot survive in such an environment, this result in higher infestation of grains
(Dramani, 2010).In this storage method, there would be a lot of biodeterioration
activity, due to non-treatment with chemicals or non- adoption of non-chemical
techniques in grain storage creating a conducive environment inside the containers for
fast insect development, causing heavy infestations and fast deterioration of the grain
inside the empty drum.
5.6 Effect of Storage on the Proximate and Mineral Composition of the Cowpea
Varieties
Generally, the proximate composition of the three cowpea varieties was not
significantly affected after storage as showed in (Table 4.12 and Table 4.23). The
crude fibre, fat and carbohydrate content showed no significant difference when
compared with the control sample (before storage). The ash content for all the cowpea
varieties increased after storage as depicted in Table 4.23. Nhyira variety increased
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from 2.50% to 2.67%, Soronko increased from 2.00% to 2.05% and also Tona
increased from 2.30% to 2.48% with no significant differences. Increase in Fat
content was observed only in Nhyira and Soronko variety, with no significant
differences.

All the other proximate parameters decreased after storage with no

significant differences. The results from the study suggest storage of cowpeas does
not significantly affect the proximate composition of cowpea varieties. The high crude
protein, crude fibre, moisture and ash content before storage and after storage suggest
that the differences observed are genetic. According to Chinma et al., (2008),
differences in proximate composition in cowpea varieties are mainly genetic factors.
In the mineral composition test, no significant difference (p>0.01) was found in the
cowpea varieties when compared with the control sample (before storage). The
mineral compositions had no regular pattern after storage. It can be observed that the
minerals in the three varieties were not storage dependent as no pattern was observed.
The differences may be attributed to varietal differences and other geological factors.
5.7 Effect of Different Storage Methods on the Proximate and Mineral
Composition
5.7.1 Effect of Different Storage Methods on the Proximate Composition
The proximate composition of the stored cowpea grains were analysed on the basis of
carbohydrate, protein, ash, moisture content, fibre, and fat content retained after
storage. Whereas hermetic bag yield the highest crude protein, crude fibre, moisture
and ash content, empty drum had the highest retention in terms of fat content. There
were some minimal differences in the levels of some nutrients retained by the
different storage methods, all the storage methods proved very effective in retaining
more than 60% of the parameters studied.
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The percentage crude protein retained by the different storage methods ranged
between (24.77 to 25.88%). Asare et al., (2013), also reported crude protein of 21.63 25.28% for four advanced lines of cowpea seeds. This was quite lesser than that
obtain from this study. The results from this study was also higher than (22.33%) and
(22.98%) reported on Asontem variety by Darfour et al., (2012) and (Baysah, 2013).
With regards to the carbohydrate retention, (56.71 -59.73%) were observed for all the
storage methods. This was slightly greater than (56.24 - 60.06%) reported on five
varieties of cowpea by Owolabi et al., (2012). The results was also higher than the
(50.95% to 53.98%) reported on Nhyira, Tona and Adom cowpea varieties by Appiah
et al., (2011). There was an increase in the ash content in cowpea grains stored in
empty drum and also in hermetic bag as shown in Table 4.16. Maalekuu and Kotey,
(2014) also reported an increase in mean values of percentage ash content of cowpea
“Uganda” after storage irrespective of the storage method used. This may be
attributed to contamination from insect excreta, thus generating much residue. The
feeding activities of Callosobruchus maculatus (weevil) may have resulted in the
increase in the ash content (Mbah and Silas, 2007).Although, hermetic bag was able
to retained most of the proximate components, the other storage methods were
capable of retaining amounts which showed no significant differences. To improve on
the proximate composition of cowpea after storage producers and marketers need to
consider the use of hermetic storage methods.
5.7.2 Effect of the Different Storage Methods on the Mineral Composition
The calcium, magnesium and potassium content were not significantly different from
each other after storage irrespective of the storage method used. There was a general
increase in the mineral content as depicted in Table 4.26 after storage regardless of
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the storage method used. The general increase in the mineral content in this research
may be due to the increase in the ash content after storage. This may be attributed to
contamination from insect excreta, thus generating much residue. The feeding
activities of Callosobruchus maculatus (weevil) may have resulted in the increase in
the ash content (Mbah and Silas, 2007). The increase in the ash content has a
significant impact in the mineral component.
5.8 Effect of Storage Methods and Varieties on the Proximate and Mineral
Composition
The interactive effect of storage methods and cowpea varieties had no significant
difference in the crude fibre, fat and moisture content. There was a general decrease in
the crude protein and carbohydrate content, however, the ash content increased among
the treatment combinations as shown in Table 4.26.Rubasinghege et al., (2007) also
reported a slight decrease in crude protein content of stored cowpea. The crude
protein content of the cowpea varieties ranged from (25.13 -27.96%) whiles the crude
protein ranged after the interactive effect was from (23.33 - 27.00%). The
carbohydrate content before storage was from (58.16 - 60.79%) and decreased to
(50.53 -53.60%) after the interactive effect. The decrease in the crude protein and
carbohydrate content can be attributed to insect infestation during storage. Results on
monthly data reading illustrated in Figures 4.8 shows that almost all the grains had
some form of insect infestation irrespective of the storage method. The decrease in
protein could be as a result of insects feeding on the grain as a source of energy for
their survival. The general increase in the ash content could be due to contamination
from insect excreta, thus generating much residue (Maalekuu and Kotey, 2014).
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The interactive effect of the storage methods and varieties had no significant impact
on the mineral composition, as no regular pattern was observed. The mineral content
ranged for the interactive effect was higher in phosphorus, calcium and magnesium
content as compared to before storage as depicted in Table 4.26. However, the reverse
was observed in the potassium content. The increase in the mineral ranges may be due
to the increase in the ash content after storage. For high calcium and magnesium
content, Nhyira variety stored in the empty drum is more desirable. This may be due
to the initial high calcium and magnesium content before storage.
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CHAPTER SIX
6.0 CONCLUSION AND RECOMMENDATION
6.1 Conclusion
The field survey revealed five cowpea varieties under cultivation by the farmers. They
were; “Uganda” (white with black-eye), “Mallam adamu” (red), “Soronko variety,
Nhyira variety and Tona variety. Majority of the farmers (40%, 30% and 16%)
cultivate Soronko, Nhyira and Tona varieties respectively. Four (4%) of the farmers
cultivate more than one variety during the cropping season. Storage methods adopted
by the farmers were traditional silos, the use of hermetic bags, empty drum, treatment
with chemicals before bagging, nylon bags and the use of storage rooms. The most
dominant storage method was the use of empty drum (50%). The use of hermetic bags
and empty drum with chemicals (phosphine tablet) best preserved the cowpea grains
during storage. The major challenges during storage were disease and pest attack
(80%), theft (16%) and not well dried cowpea grains (4%).
Nhyira cowpea variety recorded the highest crude protein, crude fibre and ash content.
Low ash and fat content was also recorded in the Soronko variety before storage.
High phosphorus and magnesium content was recorded by the Nhyira variety before
storage, also high calcium and potassium was also reported in the Tona variety. The
live insect count for the three varieties ranged from (0.74– 0.82) with no significant
difference occurring among the varieties. Mortality rate was higher in the Nhyira
cowpea variety during the three (3) month of storage period. However, based on the
findings, any of the variety could be selected for storage when dead insect count is
used as a major indicator. Hole count was observed for all the cowpea varieties
throughout the three (3) months of storage. The crude fibre, fat and carbohydrate
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content showed no significant difference when compared with the control sample. The
mineral compositions had no regular pattern after storage. It can be observed that the
minerals in the three varieties were not storage dependent as no pattern was observed.
The calcium, magnesium and potassium content were not significantly different from
each other after storage irrespective of the storage method used. The interactive effect
of storage methods and cowpea varieties had no significant difference in the crude
fibre, fat and moisture content.
6.2 Recommendation
It is recommended that the prices for the hermetic bags and phosphine tablet should
be subsidized such that majority of the cowpea farmers can have access to them for
storing cowpea and other food grains for a better keeping quality. It is recommended
that Government, Non-governmental Organizations (NGOs) and other related
agencies should intensify farmers and the general public education on the different
storage methods and the dangers of using chemicals in storing their cowpea grains.
Since the proximate and mineral composition of the cowpea varieties before and after
storage was within the recommended rate, farmers, cowpea marketers and consumers
may rely on any of the storage methods on the basis of proximate and mineral
composition. For high retention of proximate composition the use of hermetic bag and
empty drum will be appropriate. Cowpea grains from research institutions should be
used in order to assess if the handling practices carried out by the farmers had an
impact on the quality of seeds used. The research can be replicated in a different
district to complement the findings from this study.
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APPENDICE
APPENDIX A: SAMPLE OF QUESTIONNAIRE USED FOR THE FIELD
SURVEY
QUESTIONNAIRE ON EFFECT OF DIFFERENT STORAGE METHODS ON
THE QUALITY CHARACTERISTICS OF COWPEA GRAINS (A CASE
STUDY; DORMAA AHENKRO DISTRICT)
A: BIODATA FOR FARMERS

1. Name of Community……………………………………………….
2a. Sex of Respondent……………………………..3b. Age………………………..
3. Educational level; A. None B. Basic C. SHS/Commercial D. Diplomat E. Others
B: SURVEY DATA
4. Do you engage in cowpea cultivation? YES ( ) NO ( )

5. If yes, name some of the varieties you cultivate……………………………..
………………………………………………………………………………….
6. Which other crops do you grow in addition to cowpea?
…………………………………………………………….
7. How long have you been growing it/them? ……………………………………..
8. How large is your field in acres for cowpea? ………………………………….
9. Which of the farming systems do you practice in cowpea cultivation?
10. Why ……………………………………………………………………………….

11. What benefits do you derive from cowpea cultivation?
…………………………………………………………………
12. What factors cause losses of cowpea during the pre-harvest stage?
A. Variety of crop
B. Climate
C. Types of chemicals used
D. Others, specify………………………………………………………………………
13. What challenges do you encounter in cowpea farming?........................................
……………………………………………………………………………………….
14. Have there been any solutions to the problems? YES ( ) NO ( )
15. If yes, how were they ……………………………………
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16. Do you leave your crops till maturity before you harvest them? YES ( ) NO ( )
17. If NO, why……………………………………………………………………
18. When do you harvest your crop? …………………………………………………
19. How do you harvest? Describe ………………………………………….................
20. Do you store your harvested produce before sales? Yes ( )

No ( )

21. If yes what storage methods do you use?...................................................................
22. Are the storage facilities available at your use? YES ( ) NO ( )
23. If NO, then how do you manage the produce? ………………………………
24. How long can it store the produce?
a Weeks………………………..
b. Months…………………………
25. Do you treat your produce with chemicals during storage? YES ( ) NO ( )
26. If yes, what type of chemicals? ……………………………..
27. Why do you treat the produce with the chemicals? ……………………………….
………………………………………………………………………………………….
28. What are the challenges during storage? …………………………………………
…………………………………………………………………………………………
29. How do you control pest and disease during storage?……………………………
…………………………………………………………………………………………
A: BIODATA FOR MARKETERS

1. Name of Community……………………………………………….
2a. Sex of Respondent……………………………..3b. Age………………………..
3. Educational level; A. None B. Basic C. SHS/Commercial D. Diplomat E. Others
B: SURVEY DATA

4. How long have you been in cowpea trading? ……………………
5. Name some of the varieties you trade?……………………………..
……………………………………………………………………………….
6. Which other crops do you sell in addition to cowpea?
…………………………………………………………….
7. Where do you get your cowpeas from? …………………………………..
8. How do you store your produce after purchase?.............................................
…………………………………………………………………………………..
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9. How do you protect your cowpea from pest and disease during storage?
……………………………………………………………………………………….
10. What are some of the challenges during storage?......................................................
………………………………………………………………………............................
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APPENDIX B: FORMULAE USED IN CALCULATIONS
B1. Moisture content determination
% Moisture = Weight of moisture × 100 = W2 – W3 × 100

Weight of wet sample W2-W1
Let W1= weight of the empty glass dish
W2= weight of the empty glass dish + wet sample
W3= weight of the empty glass dish + dry sample

B2. Total Ash determination
% Ash = Weight of ash × 100 = W3 – W1 ×100
Weight of sample W2-W1

B3. Crude protein determination
% Total Nitrogen = (100 × (Va-Vb) × NA × 0.01401) × 100
W × 100
Where Va = volume (ml) of HCl used in the sample titration
Vb = volume (ml) of HCl used in the blank titration
N = Normality of HCl
W = weight of sample (g)
% Crude protein = %N × F

B4. Crude fat determination
% Crude fat = Weight of fat × 100 = A × 100
Weight of sample M
A : Mass(g) of the extracted matter
B : Mass (g) of the tested sample

B5. Crude fibre determination
% Crude fibre = Weight of crude fibre × 100 = W2 – W3 × 100
Weight of sample W2-W1
Let W1= weight of the empty crucible
W2= weight of the empty crucible + wet sample
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W3= weight of the empty crucible + ash sample

B6. Carbohydrate determination
% Carbohydrate = 100 – (% moisture + % ash + protein + % fat + % fibre)
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