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Cowpea is an important food legumes widely consumed in almost every part of the world including Nigeria. The cowpea seeds
are often rendered worthless by the cowpea weevils (Callosobruchus Maculatus).This infestation usually originate in the field
and continue progressively in stored seeds. This study therefore evaluated the growth rate of weevils, weight loss of the stored
cowpea seeds, and the effect of weevils on the proximate, functional and sensory properties of cowpea products (cowpea flour
and akara). Akara is a deep-fat fried ball prepared from whipped cowpea paste, flavoured with pepper, onion and salt. Twenty
five (25) matured weevils were inoculated into 6.4kg of fresh uninfested cowpea seeds and stored at room temperature (25 +
5°C) for 4 weeks duration of the study. The number of live weevils was counted and the weight of cowpea seeds was measured
weekly and Samples were taken weekly from the stored weevil infested cowpea seeds, milled into flour and evaluated for
proximate composition and functional properties. The flours were subsequently used in the production of akara and subjected
to sensory evaluation. Data obtained were subjected to analysis of variance test and means separated at 5% probability level.
Proximate composition of the flours varied significantly with moisture (10.51-11.51%), ash (3.01-3.20%), protein (16.46-
19.61%) and fat contents (1.12-1.40%) decreasing with increase in the duration of storage period while carbohydrate (63.24-
67.86%) and crude fibre (0.91-1.01%) increased. All the functional properties including loose bulk density (0.56-0.66g mL™1),
packed bulk density (0.75-0.86g mL™1), water absorption capacity (1.00-1.25 g water g* flour) and oil absorption capacity
(0.8-1.10 g water g flour) decreased significantly as duration of storage increased. A similar trend observed for the flours
was obtained for the proximate composition of the akara samples with moisture (10.52-11.63%), ash (3.59-3.82%), protein
(16.60-19.97%) and fat contents (2.06-2.30%) decreasing with increase in duration of storage, while carbohydrate (61.41-
66.21%) and crude firbre (0.88-0.97%) increased. Sensory attributes of akara produced from uninfested cowpea flour was the
most acceptable, flour from one week infested cowpea was comparable with the uninfested cowpea flour in aroma, taste,
texture and acceptability. Generally, panelist described the texture of akara made from these flours as dry with a tough outer
surface and a beany flavor.
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INTRODUCTION

Cowpea is an important food legume and an essential component of cropping systems in the drier regions of the
tropics (Singh et al., 1998). Being a fast growing crop, cowpea curbs erosion by covering the ground, fixes
atmospheric nitrogen, and its decaying residues contribute to soil fertility (Adu-Dapaah et al., 1999). In West and
Central Africa, cowpea is of major importance to the livelihoods of millions of people providing nourishment and
an opportunity to generate income (Latunde-Dada et al., 1999). The bulk of the diet of rural and urban poor Africa
consists of starchy food made from cassava, yam, plantain and banana, millet, sorghum, and maize. The addition
of even a small amount of cowpea ensures the nutritional balance of the diet and enhances the protein quality by
the synergistic effect of high protein and lysine from cowpea and high methionine and energy from the cereals
(Saber and Hussein., 1998). This nutritious and balanced food ensures good health and enables the body to resist
infectious diseases and slow down their development.

The nutritional composition of cowpea is similar to that of most edible legumes. It contains about 24% protein,
62% soluble carbohydrates, and small amounts of other nutrients (Boulter et al. 1975). Thus, most of its
nutritional value is provided by proteins and carbohydrates. The high protein content represents a major advantage
in the use of cowpea in nutritional products, for infant and children’s food, and to compensate for the large
proportion of carbohydrates often ingested in African diets. Cowpea is especially rich in lysine, but it is deficient
in sulfurous amino acids. Compared to other legumes, methionine and tryptophan levels are high. Cooked ground
cowpea products make nutrition innovation a reality. Cowpea powders, in particular, are cost-effective and
versatile and can be used in nearly any application such as in snack foods, cereals, dips and even cookies. Bean
powders offer the same nutritional benefits as whole, prepared beans (Mitchell, 2009).

However, a sizeable amount of stored grain is often lost by pest infestation. Bean weevil is a pest of stored beans
and peas belonging to the beetle family Bruchidae (commonly known as the seed weevils because the larvae
develop inside the seeds of various plants). Occasionally one may take a package of dried beans or peas out of the
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closet only to find it infested with the bean weevil, or, weevils may be noticed when they try to escape through the
window. Dead weevils may accumulate on the sills.

Callosobruchus maculatus lay eggs on legume host pods as they approach maturity in the field but emergence
usually occurs after harvest (Brooker 1967). Callosobruchus maculatus lay eggs on the surface of seeds and larval
emergence holes in seeds are symptomatic of infestations in storage. Infestation may occur in the field and during
storage while the larvae feed inside the beans (Schmale, 2006); Wacker, 2006). T his reduces the food value of the
beans as well as reducing the germination potential of the bean seed. Literature abounds on the effect of
insecticides control of bean weevil on beans (Rendon, 2011). However, little or no information exist on the effect
of weevil growth on quality attributes of weevil infested beans based products. The aim of this study is to
determine the effect of weevil on quality attributes of products from infected cowpea products (i.e. flour and
akara).

MATERIALS AND METHODS

Sample preparation

A cultivar of fresh uninfected cowpea seeds (6.4kg) was used for this study (brown-coloured testa) was obtained
from a market in llorin. The seeds were cleaned, packaged in plastic container and stored in room condition
(27°C). Experimental insects were bred from a sample obtained from infested stored grain supplied by a local
producer. Twenty-five weevils were transferred into the plastic container containing 6.4 kg of cowpea grain. The
plastic container was covered with its lid and kept in a room at 25 £ 5°C and allowed to stand for 4 weeks.
Samples were taken weekly and milled to obtain cowpea flour.

Proximate composition of infested cowpea flour

Proximate analyses for moisture, protein (N x 6.25), fat, ash, and crude fibre of samples were determined
according to AOAC (1990) procedures. Carbohydrate content was calculated by difference.

Water absorption capacity of infested cowpea flour

Water absorption capacity (WAC) of flour was determined following methods of Sosulski et al., (1976). One
gram of flour sample was mixed with 10ml of distilled water. The mixture was allowed to stand at room
temperature for 30 minutes and then centrifuged (Philips Drucker, Oregon, USA) at 2000g for 30mins. Water
absorption capacity was expressed as gram of water bound per gram of flour.

Oil absorption capacity of infested cowpea flour

Oil absorption capacity (OAC) of flour was determined following methods of Sosulki et al., (1976). One gram of
flour sample was mixed with 10ml of refined soybean oil (sp.gravity 0.9092). The mixture was allowed to stand at
room temperature for 30 minutes and then centrifuged (Philips Drucker, Oregon, and USA) at 2000g for 30
minutes; oil absorption capacity was expressed as gram of oil bound per gram of flour.

Bulk densities

The method of Mpotokwane et al., (2008) was adopted for the determination of loose bulk density with slight
modification. A measuring cylinder (100mL) was filled with flour to mark (100mL), and the content weighed.
The packed bulk density was also obtained by following the same procedure but tapping for 50 times prior to
weighing. Bulk density was calculated as the ratio of the bulk weight and the volume of the container (g mL™)
(Asoegwu et al., 2006).

Sensory evaluation

The method described by Akingbala et al., (1981) was used in the preparation of akara. The prepared akara were
served to students in the Department of Home Economics and Food Science, University of Ilorin, Nigeria. The
panelists were made to assess the akara for aroma, taste, color, texture and overall acceptability based on a 9-
point Hedonic scale (9=like very much, 1=dislike extremely).

Weight loss of infested cowpea seeds

The weight loss of the infested cowpea seeds was determined by weighing the sample before and after infestation
and calculating the difference.

Weight before infestation — weight after infestation

Statistical analysis

Experiments were carried out in triplicates and data were subjected to analysis of variance. Mean scores of some
of the results and their standard deviations were reported. Duncan’s multiple range test was used to separate the
significantly different means at 5% probability level.

RESULTS AND DISCUSSION

Proximate composition of infested cowpea flour
The proximate composition of the cowpea flours showed that the moisture content ranged between 10.51 and
11.61% for infested cowpea flour at week 3 and week 1 respectively (Table 1). The moisture content of the flour
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showed a significant (p<0.05) increase at week 1 and thereafter decreased. The initial sharp increase may be due
to the respiratory activity of fewer weevils which could lead to the production of moisture and carbon dioxide.
However, the resulting decrease could be attributed to the increase in population of the weevils as evident in
Figure 1. It is expected that the competition among the weevils will increase and their requirement for moisture
may also increase.

The ash content of the flours is not significantly different (p<0.05) form each other. The ash content of the flours
ranged from 3.01 to 3.20% (Table 1). Infested cowpea flour at week 1 and the uninfected cowpea flour had
similar values. Similarly, infested cowpea flour at week 2, week 3 and week 4 had same values for the ash
content. The values obtained in this study are similar to the reports of McWatters, (1983) for production of akara
from cowpea paste and Nigerian cowpea flour. Findings from this study showed that the presence of weevils in
cowpea during storage may not significantly affect the ash content of the flours.The fibre content of the flours
varied from 0.91 to 1.01% for the infested cowpea flour at week 1 and infested cowpea flour at week 3
respectively. The fibre content, although was observed to increase from week 1 to week 4 of storage, the increase
was not significant (p<0.05) and should not affect the quality of the flours. Olapade et al., (2004) reported higher
fibre values (1.88) for cowpea flour (Table 1). The difference may be due to cultivar of cowpea used for the study.
Weevil growth did not significantly affect the fibre content of the flours.

There were significant differences in the protein content of the flours ranging from 16.46 to 19.66% for the
infested cowpea flour at week 4 and infested cowpea flour at week 1 respectively. The protein content of the
uninfected flour was higher than the value (19.3%) reported by McWatters (1983) but lower than the value
(24.39%) reported by Olapade et al., (2004). The variation may be attributed to difference in cultivar used and
possibly the processing methods. The protein content of the flours decreased significantly (p<0.05) from 19.61%
to 16.46%. This decrease suggests that the weevils consumes the protein content for growth and thus may account
for the low values recorded as the period of storage increased (Table 1)

The fat content ranged from 1.12 to 1.40% for the infested cowpea flour at week 4 and uninfested cowpea flour
respectively. The fat content obtained in this study were lower than values reported by Mcwatters (1983) but
comparable with values of fat reported by Olapade et al., (2004). There was significant difference in the
carbohydrate content of the flours with values ranging from 63.21 to 67.84% for the infested cowpea flour at
week 1 to infested cowpea flour at week 4. Olapade et al., (2004) reported similar values (61.29%) for cowpea
flour, while Mcwatters (1983) reported lower values (54.7%).

Functional properties of infested cowpea flour

Water absorption capacity (WAC) of the flours varied with storage period. There was a significant difference
(p<0.05) in the WAC of the flours with values ranging from 1.00 g mL™ to 1.25 g mL! for infested cowpea flour
at week 4 and uninfested cowpea flour respectively. Falade and Kolawole (2011) and Enwere and Ngoddy (1986)
reported higher values of 1.64 g mL™ and 4.78 g mL™* respectively for cowpea flours. The difference in the WAC
of the flours may be attributed to the cultivar used. WAC decreased significantly (p<0.05) with increase in storage
period till the 3rd week after which the value was constant. Since proteins are the major constituents of flours
responsible for the bulk of water uptake (Afoakwa 1996), the decrease in the WAC could be attributed to the low
protein content of the flours as storage period increased. Sefa-Dedeh and Stanley (1979) investigated the
relationship of microstructure of cowpeas to water absorption and dehulling properties and demonstrated that
intact seeds, although non-homogenous in nature, had a highly organized cellular structure. Although starch,
pectic substance and other macromolecules contribute to water absorption, the chief water-imbibing component of
seeds is protein (Mayer and Plojakoff-Mayber 1975). This observation suggests that the economic value of akara
produced from cowpea infested cowpea will be low and hence, there is the need to prevent infestation at all cost.
The oil absorption capacity (OAC) of the flours decreased significantly (p<0.05) with increasing storage period
with values ranging from 0.8 g mL™ to 1.10 g mL™! for infested cowpea flour at week 4 and uninfested cowpea
flour respectively (Table 2). The value obtained from this study for uninfested cowpea flour is higher than the
value (0.75 g mL™?) and similar to those reported by Falade and Kolawole (2011). This observation suggests that
the native proteins in the cowpea flours have not been altered and hence had lower OAC. Henshaw and Lawal,
(1993) reported that heat denaturation of cowpea protein has been associated with high oil absorption capacity of
cowpea. The mechanism of oil absorption involves the physical entrapment of oil by food components and the
affinity of nonpolar protein side chains for lipids (Kinsella 1982; Sathe et al., 1982). The OAC of flours is
important for the development of new food products as well as their storage stability, particularly for flavour
binding and in the development of oxidative rancidity.

The loose bulk density (LBD) of the flours decreased significantly (p<0.05) with values ranging from 0.56 g mL*
to 0.66 g mL* for infested cowpea flour at week 4 and uninfected cowpea flour respectively. The results are
similar to values reported by Henshaw and Sobowale, (1996); Olapade et al., (2003) and Falade and Kolawole,
(2011) for different cultivars of cowpea flours but higher than values (0.49 g mL) reported by Olapade et al.,(
2004) for physico-chemical properties of premixes for preparation of Akara. The LBD was observed to increase
slightly before decreasing to a value of 0.56 g mL™ at week 4.
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The packed bulk density (PBD) decreased significantly (p<0.05) from 0.85g/mL to 0.75 g mL™ for uninfected
cowpea flour and infested cowpea flour at week 4 respectively (Table 2). Lower PBD (0.63 g mL; 0.713 g mL™?)
were reported by Falade and Kolawole (2011) and Olapade et al. (2004) respectively. The difference in the bulk
densities could be attributed to the difference in the particle size (Perez, 1997).

Proximate composition of akara

The proximate compositions of the akara produced from cowpea flour as presented in Table 3 varied significantly
(p<.05) among the samples. The range of values for the proximate composition were moisture content (10.52-
11.63%), ash (3.59-3.82%), crude fibre (0.88-0.97%), protein (16.60-19.97%), fat (2.06-2.30%) and carbohydrate
(61.41-66.21%). Generally, the moisture, ash, protein and fat contents of the akara decreased significantly
(p=0.05), while carbohydrate and crude fibre content increased as storage period increased. The decrease in the
protein content of the samples could be attributed to the effect of the weevils on the cowpea flours as shown in
Table 1. The protein content of the flours decreased with an increase in the storage period and increase in the
number of weevils (Figure 1). This observation corroborates the previous observation that the major nutrient of
the cowpea being consumed by the weevils is the protein fraction. Similar protein value was reported by
Mcwatters, (1982).

The ash content (3.82%) of the akara prepared from uninfected cowpea flour was relatively higher than the ash
content (3.20%) of the flour (Table 1). similar values were reported by Olapade et al., (2004). According to
Tundall 1983; lhekoronye and Ngoddy, 1985; Bamghose et al., 1991, the addition of pepper to cowpea flour
contributes significantly to the ash content of the flour since pepper is essentially a good source of minerals,
therefore the increase in ash content of the uninfested cowpea flour akara may be attributed to the added pepper.
The moisture content values were lower than the value (40.8%) reported by Mcwatters, (1982) and higher than the
value (7.42%) recorded by (Olapade et al., 2004) in their study on the physico-chemical properties of premixes
for preparation of Akara. The decrease in fat content of the akara was not unexpected because the OAC of the
flours also decreased with increase in storage period and increase in the number of weevils. This observation
agrees with the report of Ravi and Sushelamma, (2005) where they attributed the oil retaining-properties of food
materials to the nature and protein content.

Mean Sensory Scores of akara

The sensory scores of the akara prepared from the infested and uninfected cowpea flours as shown in Table 4
showed a significant difference among the samples. Akara made from uninfested cowpea flour was highly
acceptable in all the sensory attributes. Akara made from infested cowpea flour at week 1 was comparable with
the uninfested cowpea flour in aroma, taste, texture and acceptability. Ratings for samples prepared from infested
cowpea flour stored up till week 2, week 3 and week 4 showed a decreasing trend. The low rating for texture of
the cowpea flour could be attributed to its poor water absorption capacity and foaming capacity. Dovlo et al.,
(1976) attributed poor acceptance of akara prepared from cowpea flour to poor re-hydration problem. Formation
of stable foam is essential in akara preparation (Ngoddy et al., 1986) since it contributes to the desirable spongy
texture of the final product (Hung and Mc Watter, 1990). Generally, panelist described the texture of akara made
from these flours as dry with a tough outer surface and a beany flavor. The dry texture may be attributed to the
crust formation that occurred at the surface of these preventing the transfer of a sufficient amount of heat to
completely cook the interior (Mcwatters, (1982). Akara made from the uninfested cowpea flour was much more
accepted by the panelist and this is demonstrated in the overall acceptability of the sample.

Weevil growth curve

The population of the weevils increased from 25 to 165 excluding the dead weevils as the storage week of cowpea
increased. The increase in their growth rate as evident in the number of weevil was significantly high at the 3™
week of storage (Figure 1). A corresponding decrease in the weight of the cowpea was observed as the week of
storage increased. The weight of the cowpea used for this study before inoculation was 6.4 kg with a progressive
reduction to 5.8 kg, 4.2 kg, 3.8 kg and 2.1 kg for week 1, 2, 3 and 4 respectively (Figure 2). The drastic weight
reduction may be attributed to the increase in the respiration of the weevils and a corresponding increase in the
demand for food leading to damage of the cowpea and resulting weight loss.

CONCLUSION

This study has revealed that cowpea weevil (Callosobruchus Maculatus) attacks majorly the protein content of
cowpea during storage which in turn significantly affected some other nutritional and functional properties of the
flours. Although, the use of cowpea flour simplified preparation of paste for akara production by eliminating
soaking, dehulling and grinding operations, the consumption of such product may not be sufficient to supply the
necessary nutrient needed for growth and healthy living, particularly when infested cowpea flours are employed.
Weevil growth increased with the storage period and a resultant decrease in the cowpea weight. In general, proper
storage of cowpea is necessary in order to maintain its quality attributes as well as its quantity, while weevil
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infested cowpea could be sterilized using non thermal processing methods such as irradiation coupled with
subsequent storage in air tight containers to prevent recontamination.

Table 1: Proximate composition of cowpea flour

Sample Moisture content (%) Ash (%) Fibre (%) Protein (%) Fat (%) Carbohydrate (%)
UCFWO0 11.55P+3.20 3.202+£0.50 0.92°+0.00 19.612+4.10 1.402+£0.50 63.249+4.00
ICFW1 11.612+0.50 3.202+£0.50 0.91°+0.50 19.6620£7.20  1.39%°+0.50  63.219+8.90
ICFW2 11.60%£1.10 3.01°+1.00 0.917°+1.00  19.59°+1.00 1.37°+1.50 63.51°+3.00
ICFW3 10.519+1.00 3.01°+1.00 1.01+0.50 16.61°£1.10 1.12°+1.10 67.74°+2.50
ICFWA4 10.54°+0.50 3.01°+1.00 1.002+0.50 16.46%+1.70 1.12°¢1.70 67.86°+1.00

Mean with the same superscripts in a column are not significantly different from each other p(<0.05)
UCFWO: Uninfested cowpea flour at week 0; ICFW1: Infested cowpea flour at week 1; ICFW?2: Infested cowpea flour at week 2
ICFW3: Infested cowpea flour at week 3; ICFW4: Infested cowpea flour at week 4

Table 2: Functional properties of cowpea flour

Sample LBD (g/mL) PBD (g/mL) WAC (g/mL) OAC (g/mL)

UCFWO 0.66%+ 0.00 0.862+0.00  1.252+0.00 1.10%+ 0.00
ICFW1 0.63°+0.00 0.83°+0.00 1.15°+0.00 1.04°+ 0.00
ICFW2 0.65°+ 0.00 0.82°+0.00  1.02°+0.00 1.02°+ 0.00
ICFW3 0.58¢+0.00 0.779+0.00 1.009+0.00 0.9%+ 0.00
ICFW4 0.56¢+0.00 0.75°+0.00  1.00%+0.00 0.8+ 0.00

Mean with the same superscripts in a column are not significantly different from each other p (<0.05)
UCFWO: Uninfested cowpea flour at week 0; ICFWZ1: Infested cowpea flour at week 1; ICFW2: Infested cowpea flour at week 2
ICFW3: Infested cowpea flour at week 3; ICFW4: Infested cowpea flour at week 4

Table 3: Proximate composition of akara

Sample M.C. (%) Ash (%) Crude Fibre (%) Protein (%) Fat (%) Carbohydrate (%)
AUCWO  11.58°+0.50  3.822+0.50 0.90°+0.50 19.972+0.00 2.30%+0.00  61.41+0.00
AICW1 11.632+2.00  3.822+0.50 0.88°+0.50 19.952+5.20 2.28%40.50  61.41%4.30
AICW2 11.61%+1.10  3.60°+0.50 0.89°+1.00 19.32°+1.00 2.27%+1.00 61.80°+1.50
AICW3 10.529+0.50 3.59°+1.00 0.972+0.50 16.80°+0.50 2.20°+0.00  65.90°+0.50
AICWA4 10.56°+0.00 3.59¢+0.50 0.972+0.50 16.60%+1.10 2.06°41.10 66.21°+5.10

Mean with the same superscripts in a column are not significantly different from each other p (<0.05)
UCFWO: Uninfested cowpea flour at week 0; ICFW1: Infested cowpea flour at week 1; ICFW?2: Infested cowpea flour at week 2
ICFW3: Infested cowpea flour at week 3; ICFW4: Infested cowpea flour at week 4

Table 4: Mean sensory scores of akara

Sample Aroma Taste Colour Texture Acceptability

AUCWO  7.40°+2.10 7.40°£1.40 8.20%+0.80 7.00%+1.10 7.00%£1.6
AICW1 6.10%+1.90  6.70°+1.60 6.20°+1.80 5.90*+1.50  6.10%+1.6
AICW2 6.10%+1.40  6.10%+0.90 5.40%+1.30 4.70**+1.10 5.60%+1.6
AICW3 4.40+1.80 4.80+1.60  6.40°+1.50 4.90+1.40  4.50*°+2.0
AICW4 4.40°+1.80 4.30°+1.90 4.60°+1.70 4.10°+1.90 3.70°+2.1

Mean with the same superscripts in a column are not significantly different from each other p (<0.05)
UCFWO: Uninfested cowpea flour at week 0; ICFW1: Infested cowpea flour at week 1; ICFW?2: Infested cowpea flour at week 2
ICFWS3: Infested cowpea flour at week 3; ICFWA4: Infested cowpea flour at week 4
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