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Abstract
Cowpea is reported to be very rich in protein, as also the walnut, but walnut is not as popular as cowpea in protein content. Walnut, which is eaten as snacks, is very rich in medicinal properties, which informed the need for this research work.
Flour of walnut was blended with that of cowpea in the ratio 3% to15% to produce dried bean cake, that was analysed for physico-chemical properties and storability, as well as the functional properties of the flour samples. 
Cowpea flour had higher bulk density (0.86g/ml>0.77g/ml), while water and oil absorptions and swelling capacities of the cowpea were significant (p≤0.05) to that of walnut (1.78g/g > 0.85g/g), (1.97g/g > 1.29g/g) and (1.04 > 0.64) respectively. Control sample (sample without walnut) had higher protein (17.81%), moisture (6.55%) and fibre (1.58%), but fat and ash contents were significant with walnut incorporation. Sample with 15% walnut had higher quantities of calcium (1.69mg/l) and magnesium (3.70mg/l), but the control was higher in sodium (4.00 mg/l) and potassium (3.14 mg/l). Sample with 6% walnut was the hardest (163.58 N), and 12% walnut sample, the least (26.27N). The L*, a* and b* values were significant. Control sample was lighter, and 15% walnut sample, the darkest, which may be to the high walnut content. Samples with 12% and 15% samples respectively had the least bacterial (4.0×104 cfu/g) and fungal (1.4×104 cfu/g) counts after eight weeks. Walnut addition inhibited microbial growth due to its antimicrobial and antioxidant properties. The control sample was rated best for appearance, crispiness and texture, while 9% walnut sample was the best accepted and rated for flavour and taste.
It could be concluded that walnut addition conferred extended shelf life and improved nutritional quality to the product.
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Introduction
Cowpea (Vigna unguiculata) is a pulse belonging to the leguminosae family (Hoover et al., 2010), and native to West Africa, particularly Nigeria, and considered main species diversity according to Leao et al., 2016. It is a cheap and good source of protein that contributes substantially to protein intake of large portion of the world’s population (Gepts et al., 2005). As a result of the expensive cost of animal protein sources, most especially in the third world countries of the world, where per capital income is very low, legumes have thus become a very good alternative source of protein to animal meats (Akinyele and Onigbinde, 1988), as its regular consumption could help improve protein intake of people (Oyeleke and Oyedeji, 2011), though protein energy malnutrition (PEM) is still a prevalent deficiency in many countries worldwide with its high consumption, probably due to increasing world population or unavailability. Cowpea could be boiled or processed into bean pudding (moin moin), bean cake (akara) or used locally to make indigenous soup called gbegiri  in Yoruba speaking area of Nigeria or processed into flour for other uses. Legume protein is deficient in sulfur amino acid such as cysteine and methionine (Ihekoronye and Ngoddy, 1985), likely due to the presence of oligosaccharides and phenolic compounds. Low protein digestibility, presence of anti-nutritional factors such as trypsin inhibitors, tannins and phytates, polyphenols and flatulence factors could be reasons legumes are under-utilised (Enujiugha, 2003; Olapade et al., 2002), but processing techniques with longer cooking time probably reduced the challenges (Olapade et al., 2002).  
African walnut (Tetracarpidium conophorum), a member of the Euphorbiaceae family, is a climber found in the wet parts of East and West part of Nigeria and the Western Africa (Kanu et al., 2015). It is known as Ekporo by Efik and Ibibios of Cross River and Akwa Ibom, Ukpa (Igbo), Awusa or Asala (Yoruba), Okhue or Okwe (Edo), and Gawudi bairi by the Hausas in Nigeria etc. The fruits (four brown round seeds) are up to 3 inches in diametre (Nuhu et al., 2000). They could be cooked and consumed as snacks (Enujiugha and Ayodele, 2003); roasted or sun dried and grounded like melon seeds to be used as soup thickener. Walnuts are nutrient-rich, as they are high in fat, proteins, vitamins and minerals, and a good source of calories, about 600J (Ndie et al., 2010). According to Hassan and Umar (2006), plant foods that sourced over 12% of its energy from protein is considered a high protein source, and according to Kanu et al. 2015, walnut supplies about 23.0–28% of daily protein needs, while  Amaral et al., 2004 and Savage et al., 2001 reported 18.1%. However, Harold and Tatura (2002) reported that on percentage wet basis, protein has (14.92%), oil (45.84%), fibre (1.14%), ash (3.52%) and carbohydrate (15.38%). Despite its richness, walnut is yet to be an industrial raw material in Nigeria, probably due to unavailability of improved storage facilities (Hemery, 2001).   
Dried fried cake known as “Akara egbe” in this part of the world is a traditional snack native to Ogbomoso town in Oyo State, Nigeria (Falade et al., 2003), and produced from cowpea paste seasoned with salt, flattened with palms and deep-fried to produce a reddish brown, hard textured and low moisture product (Giami et al., 2004). It is usually eaten as snacks alone or with cereal porridge or soaked cassava flakes (garri) (Falade et al., 2003). However, its consumption has spread nationwide (Lateef et al., 2010), and worldwide, with research work on it acceptability done by McWatters et al., 1997; Patterson et al., 2002.   
Antioxidant properties of walnut could help lower the risk of chronic oxidative stress; anti-inflammatory properties could help reduce chronic inflammation, as the two activities posed great threat to cancer development. Walnut extracts, which are rich in dietary Omega-3- fatty acids, may equally play role in the prevention of some disorders including depression, as well as dementia especially Alzheimer‘s disease, with lowering cholesterol properties (Chauhan et al., 2004). As a result of these numerous benefits, blending walnut with cowpea to produce dry bean cake could help extend shelf life, keep consumers safe from a number of diseases and equally lead to increased planting and income generation to farmers. This work evaluated the quality of dried fried cake from the flour blends by examining the functional and physicochemical properties, as well as safety of the final product.
Materials and Methods
Cowpea was sourced within Ilorin metropolis, while the walnuts used were purchased from Ilesha, all in Nigeria. Cleaned cowpeas were soaked in water for five minutes, de-hulled, washed and drained to remove excess water and dried at 70˚C for 9 hours. Dried walnut (at 60˚C for 5 hours) and cowpea were milled into fine flour and stored at 4˚C. The walnuts were thinly sliced before drying. The walnut flour was added to the cowpea flour to make dried bean cake at 3%, 6%, 9%, 12% and 15% respectively. A thick paste was formed with little quantity of water added to the flour blend, stirred properly after seasoning with salt, molded and flattened into various shapes and deep-fried at 100ºC for 3-5 minutes, drained and cooled (10-15 minutes). Deep fried again at 100ºC for 5-10 minutes for dryness, drained and cooled for 20-30 minutes before packaging.
Proximate Analysis
The proximate composition of the samples was determined according to the standard method of AOAC (2005).
Functional Properties of Cowpea and Walnut flours
Determination of Bulk Density (BD).
The method of Oyeyinka et al., 2014 was adopted for bulk density, where a measuring cylinder (100 ml) was filled to mark, and the content weighed. It was tapped 50 times prior to re-weighing. Bulk density was calculated as the ratio of the bulk weight and the volume of the container (g/ml).
Determination of Water Holding Capacity (WAC).
The method of Oyeyinka et al., 2013 was adopted. 1g of sample was weighed into a dry, clean centrifuge tube.10ml of water was poured into the tube and properly mixed. The suspension was allowed to stand for 30 minutes and centrifuged at 3500rpm for 30 minutes. The supernatant was discarded and the tube with its content re-weighed and weight gain expressed as percentage water bound.
Determination of Oil Absorption Capacity (OAC).
The oil absorption capacity (OAC) was determined by the method of Oyeyinka et al., 2013. The format for water holding capacity was adopted, but here, oil was used instead of water. 
Determination of Swelling Index (SI)
One gram of the flour was weighed into a 10ml graduated measuring cylinder, leveled, and volume recorded. 5ml of distilled water was added, swirled and allowed to stand for 30 minutes. The change in volume after swelling was recorded (Abbey and Ibbeh, 1998).
Texture Analysis of Fresh and Stored Samples.
The method of Friedman et al., 1963 was adopted for the textural quality of the fried cake samples. The samples were compressed twice in a reciprocating motion in an Instron universal testing machine equipped with a 50kg load cell. The tests were conducted at crosshead with chart speeds of 60 and 102mm/min respectively. Textural parameters were derived from force-deformation curves based on the Friedman et al., 1963 definition.  
Microbial Analysis of the Fried Cake Samples.
Bacterial and fungal counts of the samples were carried at 4-week interval using Fawole and Osho’s method (2007). Quantitative bacteriological analysis was done using total plate count on nutrient agar (NA), while fungi isolation was done with potato dextrose agar (PDA) and expressed in cfu/g.  The plates were incubated at 37˚C for 24 hours for bacterial counts, and 72 hours at 27˚C for fungal counts.
Counts (cfu/g) =   		 Number of colonies × dilution factor
                                                Volume of diluent plated
Colour Determination of the Fried Cakes
Fried cake samples were evaluated for L*, a*, b* parameters with a Minolta CR-310 (Minolta camera Co. Ltd., Osaka, Japan) tristimulus colorimeter. L* represented lightness (with 0=darkness/blackness to 100=perfect/brightness); a*(extent of green colour, ranging from negative=green to positive=redness); and b* represents blue and range from negative=blue to positive=yellow. The colorimeter was calibrated against a standard white reference tile.
Mineral Contents Determination	
AOAC, 2005 standard method was adopted using atomic absorption spectrometry, flame photometry and spectrophotometry. For wet digestion of sample, 1g of the powdered sample was measured into the digesting glass tube, with 12mls of HNO3 added and the mixture kept overnight at room temperature. About 4 mls of perchloric acid (HClO4) was added and the mixture placed in the fume block for digestion, with the temperature increased gradually from 50ºC to between 250-300˚C for complete digestion within 70-85 minutes. Upon cooling, the content of the tube was transferred to 100 ml volumetric flask and made up to 100 ml with distilled water. It was then transferred into plastic bottles, and used for mineral determination. 
Sensory Evaluation
Sensory evaluation was done by 50-member panelist who assessed samples’ appearance, taste, aroma, texture and general acceptability on 9-point hedonic scale ranging from liked extremely (9) to disliked extremely (1). The result was analyzed using SPSS version 16.0, and mean separated by Duncan multiple test.
Results and Discussion
Functional Properties of Cowpea and Walnut Flours
Bulk density of walnut flour was 0.77g/ml, and that of cowpea was 0.85g/ml (Table 1), with no significant difference noticed. Cowpea value was similar to that of other cowpea varieties, according to Ikpeme et al., 2010. The differences could be due to particle sizes, density and possibly, moisture content of the flour, which is important for packaging and material handling (Kumar et al., 2010). However, higher values show greater compactness of particles, but low value influenced loose structure of starch polymer (Oyeyinka et al., 2015). 
Oil absorption capacity of walnut (1.29g/g) was significantly (p≤0.05) lower than that of cowpea (1.98g/g), but higher than 1.06g/g reported for walnut by Ekwe and Ihemeje, 2013, and higher than 0.39-0.53g/g reported by Chinma et al., 2008. Oil absorption indicates the rate at which proteins bind to fat in food formulations and important for flavour retention, shelf life and palatability (Oyeyinka et al., 2013), thus favouring low value (Odedeji and Oyeleke, 2011).
Water absorption capacity of cowpea flour (1.77g/g) was significantly (p≥0.05) higher than that of walnut (0.85g/g), depicting the extent of protein incorporation into aqueous food formulations (Giami et al., 2003). Low water absorption of walnuts may be due to its high oil content, which might have limited the absorption, or affected by differences in starch content, composition and granule structure (Oyeyinka et al., 2015), as higher water absorption ability helps to improve yield and consistency of products. The swelling capacity showed significant difference with 1.05 reported for cowpea, and 0.64 for walnut. This parameter is controlled by strength and character of the micellar network between starch granules. 
Table 1: Functional Properties of Cowpea and Walnut Flours
Samples    		 BD (g/ml)     WAC (g/g)         OAC (g/g)                          SI
Cowpea     		 0.86a±0.01    1.78a±0.00          1.98a ± 0.01                  1.05a±0.01
Walnut      		 0.77a±0.1     0.85b±0.00          1.29b ± 0.03                  0.64b±0.03
Keys:
BD: Bulk Density; WAC: Water Absorption Capacity; OAC: Oil Absorption Capacity; SI: Swelling Index

Proximate Composition of Fresh and Stored Fried Bean Cakes
In Table 2, protein content of fresh samples did not vary significantly from each other (16.24-17.81%), but reduced slightly during storage (15.92%-17.16%), with the control sample having the highest value. Carbohydrate had between 68.33-71.9%; 15% walnut samples had the least value, but sample with 6% walnut was the highest.  The moisture contents ranged from 4.92-6.55%, but Falade, 2003, reported 7.6-8.3% for dried fried cake made from cowpea substituted with soybean. It is a fact that moisture is a shelf life determinant, as spoilage microorganisms need moistened environment. 6% walnut sample, at production, had the lowest moisture content (4.92%), while the control had the highest (6.55%), and even after storage (7.19%). Different moisture content recorded could be attributed to low water absorption nature of walnut.    
Fat content of fried cake samples varied from 1.92-3.60%, increasing with walnut addition, with 15% walnut sample having the highest value. This confirmed the report that walnut was very high in poly-unsaturated fatty acid, which could aid the proper functioning of the heart and lowers cholesterol level (Chauhan et al., 2004). At week eight, no significant reduction was noticed, but for the control sample that reduced from 1.92 to 1.53%. Low fat was advantageous, as it reduces the number of health challenges (Thompson et al., 1998) that decreases human life span. Fibre content of the samples ranged from 1.15-1.58%, showing that the flours to be poor sources of dietary fibre. The control sample had the highest crude fibre, and 15% walnut sample, the lowest. No significant difference was noticed after storage, however, sample with 9% increased. Crude fibre was known to aid bowel movement and digestion (Abu et al., 2010). 
The ash, which represents mineral content in foods, was found to increase with the addition of walnut flour (2.58-4.01%). The control sample had the lowest value (2.58%), while sample with 15% walnut had the highest (4.01%). The increase could be attributed to the added walnut, an excellent source of micro nutrients according to Ekwe and Ihemeje, 2013. After eight weeks, samples with 3% and 9% walnut showed significant reduction, as against other samples attributable to nutrient loss at storage.
Table 2: Proximate Composition of Fresh and Stored Fried Cake Samples
Sample      % Moisture      % Protein          % Fat         % Fibre          %Ash              % CHO
Day 0
A      6.55a±0.01      17.81a±0.04      1.92d±0.04     1.58a±0.02      2.58e±0.01      69.58c±0.06         
B       5.91b±0.00      16.90c±0.03      1.97d±0.01      1.47b±0.02     2.77d±0.06      70.99b±0.03 
C     4.92e±0.01       16.24d±0.04       2.35c±0.01      1.40b±0.02      3.20c±0.03     71.90a±0.10
D     5.39d±0.01      16.98c±0.05        3.03b±0.02      1.25c±0.04     3.63b±0.06      69.75c±0.13   
E      6.10b±0.01       17.22b±0.06      3.19b±0.01     1.22c±0.04      3.73b±0.03      68.55d±0.06  
F     5.81d±0.01       17.12bc±0.49      3.60a±0.02     1.15d±0.04      4.01a±0.54      68.33d±0.04
After 8 Weeks
A    7.19a±0.01      15.92d±0.03       1.53e±0.01      1.67a±0.02      2.08f±0.03     71.60a±0.01
B    6.28c±0.01       16.99b±0.02      1.95d±0.08       1.45b±0.02      2.37e ±0.01     70.97c±0.03
C    6.40b±0.01       15.77e±0.04      2.34c±0.04       1.41b±0.01      3.07c±0.05      71.02b±0.05
D      5.66e±0.01    16.86b±0.06     2.90b±0.04       1.40b±0.01      2.87d±0.02      70.32d±0.04
E       7.11a±0.01    17.16a±0.11      3.02b±0.06       1.24c±0.03      3.21b±0.07      68.18f±0.15
F   5.92d±0.00        16.54c±0.03       3.14a±0.05      1.11d±0.03      3.54a±0.35      69.48e±0.14  
Values are means ± standard deviation of scores. Column values with different superscript are significantly (p≤0.05) different

Mineral Analysis of both Fresh and Stored Fried Cakes
Mineral elements analyzed were calcium, magnesium, sodium, and potassium (Table 3).  Sample with 15% walnut was highest in calcium and magnesium contents at production in line with the report of Ekwe and Ihemeje, 2013 that walnut has 45.01mg/100g of calcium and 60.20mg/100g of magnesium, but low in sodium (8.07mg/100g). However, low value of sodium intake is good, as high sodium intake is associated with health challenge such as hypertension in human (Kanu et al., 2015).  
Significant difference was not noticed after eight weeks, however, sample with 3% walnut reduced significantly from 2.87 to 2.52mg/l for magnesium and sodium (0.51-4.04mg/L). The control and 3% walnut samples, however, showed slight increase in sodium level. Potassium content changed from 1.19-2.96mg/l after eight, with slight increase noticed in the 9% walnut sample.  
Table 3: Mineral Determination of Fresh and Stored Fried Cakes
Sample code                        Ca (mg/L)              Mg (mg/L)            Na (mg/L)           K (mg/L)            
Week zero
A                                        1.67a±0.08                     2.85b±0.06             4.00a±0.00           3.14a±0.07
B                                        1.30c±0.14                     2.87b±0.49                    1.61c±0.16                1.79b±0.04
C                                        1.41b±0.12                     2.90b±0.19                    2.75b±0.07               1.35c±0.04  
D                                        1.41b±0.12                     2.85b±0.04             1.25d ±0.71              1.12c±0.19
 E                                       1.55ab±0.04                    3.53a±0.91                   1.40c±0.00           1.67b±0.10   
 F                                       1.69a±0.00                       3.70a±0.15                   0.60e ±0.00              1.76b±0.16
After 8 Weeks
A                                       1.52a±0.07                2.82b±0.04             4.04a ±0.1          2.96a±0.2
B                                       1.24c±0.02                2.52c±0.01             1.74b±0.05         1.60b±0.07 
C                                       1.39b±0.01                2.93b±0.1               1.51c±0.01         1.23c±0.3
D                                       1.36b±0.01                2.74 b±0.02            0.89e±0.05         1.19c±0.1 
E                                        1.56a±0.1                  3.42a±0.01             1.18d±0.1           1.54b±0.1 
F                                        1.57a ±0.04              3.54a±0.2               0.51f±0.02          1.81b±0.0
Values are means ± standard deviation of scores. Column values with different superscript are significantly (p≤0.05) different
Textural Properties of both Fresh and Stored Fried Cakes Samples
In Table 4, sample substituted with 6% walnut was the hardest (163.58N), while that with 12% walnut was least (26.27N). Springiness is the rate at which a product physically springs back to its original condition after deforming force is removed (Szczesniak, 2002). It showed significant differences, with the control sample having the least value (0.014mm), while sample with 15% walnut had the highest (0.092mm). Chewiness is the energy required to masticate a solid food to a state for swallowing. Significant differences were observed for chewiness within the samples except for the control and sample with 12% walnut. The sample with 3% walnut was least (0.014N) for chew-ability i.e. required the least energy; while 15% walnut was highest (1.92N) i.e. needed more energy. The fracturability of the samples ranged from 7.21-40.81N. The control sample was the easiest to fracture, and sample with 15%, the hardest to fracture. There was no significant difference in stringiness of the samples except that sample with 3% that had the highest value (4.32mm), and control, the least (3.38mm).
[bookmark: _GoBack]During storage, hardness of samples reduced significantly for most of the sample. Sample with 6% walnut was the hardest, while that with 15%, the least. Springiness was not significant, but reduced in value. The control sample was the springiest and 15% walnut, the least. Chewiness was significant except for sample with 9% walnut. There was no significant difference in fracturability during storage safe for the control sample. Sample with 3% recorded a significant decrease, 15%, sample, significant increase, while no significance was recorded for other samples (for stringiness). 
Table 4: Textural Properties of Fresh and Stored Fried Cakes Samples
Sample   Hardness (N)     Springiness (mm)   Chewiness (N)       Fracturability (N)    Stringiness
Day 0
A              129.14a±37.1        0.03d±0.00            0.06d±0.01          40.81a±14.41             3.38b±0.01
B              44.81c±1.28          0.023d±0.07          0.014e±0.00        12.77b±0.28               4.32a±0.02
C              163.58a±5.2          0.054b±0.01          1.43c±0.01          26.65ab±0.64              4.01ab±0.00
D              114.49b±0.54       0.042c±0.00           1.87b±0.02         12.18bc±0.25              3.40b±0.07
E               26.27c±0.81         0.014e±0.00           0.04e±0.00         19.29bc±0.44              3.50b±0.09
F               61.75c±18.82       0.092a±0.01           1.92a±0.00          7.21c±0.00                3.41b±0.28
After 8 Weeks
A              91.43b±0.31          0.11a±0.14            0.07c±0.02           15.29b±2.07               3.62b±0.11
B             38.52c±2.40           0.02a±0.01           0.007c±0.01          28.23a±1.10               3.76b±0.30
C            105.45a±6.47          0.05a±0.00           0.93a±0.14            12.90bc±1.30              3.98b±0.05
D            107.76a±3.31          0.06a±0.00           0.64b±0.02            16.99b±2.20               3.42b±0.29
E             15.67d±2.23           0.04a±0.01           0.01c±0.02            15.10bc±1.41              3.73b±0.10
F             14.45d±0.93           0.013a±0.01         0.02c±0.00            12.51c±1.81                6.28a±1.23
Values are means ± standard deviation of scores. Column values with different superscript are significantly (p≤0.05) different
Colour Parameters of Fresh and Stored Fried Cakes
L*, a*, and b* results of fresh samples were all significant. Control sample was the lightest, while 15% walnut sample was more golden than others, with variations noticed attributed to incorporation of walnut flour, similar to the sensory results in Table 5. 
During storage, colour parameters increased in value i.e. became lighter, though less difference was noticed for the control and those of 9% and 12% walnut samples. However, for others, significance in lightness was noticed, which could be attributable to oxidative changes caused by the presence of oxygen within the packaging material that could have altered samples’ quality.
Table 5: Colour Determination of Fresh and Stored Fried Cake Samples
Sample code                           L*                                            a*                                           b*
Day 0
A                                     49.73a±2.81                              8.62b±0.79                           16.16a ±1.72                                                     
B                                     47.34b±2.39                               7.77c±2.39                          14.11b±2.43                                                   
C                                     46.51c±2.28                               8.59b±0.93                          13.51c±2.23                                                               
D                                     46.57c±1.99                               9.13a±0.98                          13.64c±1.97                                                         
E                                     48.93ab±1.96                              9.19a±1.11                          15.57a±2.06                                                             
F                                     45.96d±1.96                                9.33a±0.93                         12.86d±1.47                                                         
After 8 Weeks
A                                    50.32a±1.83                                8.38ab±1.00                         15.71ab ±2.58      
B                                    46.53b±2.53                                7.30b±0.90                          13.57b±2.57
C                                    45.93b±3.15                                8.67ab±1.37                         13.66b±3.21                                               
D                                    46.54b±2.62                                9.01a±1.30                          12.77bc±1.33                             
 E                                   48.75ab±2.87                               8.20ab±0.93                         16.32a±2.14 
 F                                  46.02b±1.08                                 9.53a±1.16                           11.82c±1.31
Values are means ± standard deviation of scores. Column values with different superscript are significantly (p≤0.05) different
Microbiological Analysis of fresh and stored fried cake samples
Microbial analyses done at 4-week interval are shown in Tables 6a and 6b respectively. At week zero, the control sample had the highest bacterial load of 2.0×104cfu/g, while the walnut incorporated samples had no fungal growth. The lowest bacterial count was recorded for sample with 15% walnut (0.2×104 cfu/g). By the 4th week, control sample was the highest with microbial and fungal counts of 3.7×104 cfu/g and 2.0×104 cfu/g respectively, but the lowest was 15% walnut sample with bacterial and fungal growth of 1.9×104 cfu/g and 0.1×104 cfu/g respectively. After storage, bacterial and fungal counts of the control rose to 5.9×104 cfu/g and 4.7×104 cfu/g respectively. Least bacterial and fungal growths were 2.3×104 cfu/g and 1.0×104 cfu/g in samples with 15% and 12% walnut respectively. The result showed walnut addition protected the treated samples from microbial attack, attributable to antioxidant activity of the walnut (Ajaiyeoba and Fadare, 2006). Increased microbial count during storage may be due to moisture uptake and nutrient utilization/depletion by microorganisms. Added walnut inhibited the growth of microorganisms.
Table 6a: Total Bacterial count of Fresh and Stored Fried Cake Samples
Samples                     WK 0                               4th Week                                     8th Week
                                 (cfu×104)                          (cfu×104)                                    (cfu×104)
A                                   2.0                                     3.7                                                5.9       
B                                   0.3                                     2.6                                                 3.4
C                                   0.3                                     2.8                                                 4.6
D                                  0.6                                     2.5                                                 4.2
E                                  1.0                                     2.1                                                 3.0  
F                                  0.2                                     1.9                                                 2.3


Keys: 
 A: 100% Cowpea; B:   97% Cowpea and 3% Walnut; C: 94% Cowpea and 6% Walnut
D: 91% Cowpea and 9% Walnut; E: 88% Cowpea and 12% Walnut; F: 85% Cowpea and 15% Walnut

Table 6b: Total Fungal count of Fresh and Stored Fried Cake Samples
Samples                    WK 0                              4th Week                                      8th Week
                               (cfu×104)                          (cfu×104)                                     (cfu×104)
A                                 NIL                                     2.0                                             4.7       
B                                 NIL                                      1.1                                            2.5
C                                 NIL                                      1.1                                            2.2
D                                NIL                                      1.5                                            1.9
E                                NIL                                      1.0                                            1.0  
F                                 NIL                                      0.1                                            1.1
Keys: 
 A: 100% Cowpea; B:   97% Cowpea and 3% Walnut; C: 94% Cowpea and 6% Walnut
D: 91% Cowpea and 9% Walnut; E: 88% Cowpea and 12% Walnut; F: 85% Cowpea and 15% Walnut

Sensory evaluation of the fried cakes
From the sensory scores (Table 7), the control sample was rated highest for appearance, crispiness and texture. Sample with 15% was rated lowest for appearance, but for flavour, texture and taste, 6% walnut sample was rated lowest, while 12% walnut rated lowest for crispiness. Sample with 9% walnut was most accepted and rated highest for flavour and taste, and having improved sensory attributes and acceptability.
Table 7: Sensory Evaluation of the Samples of the Fried Bean Cakes
Samples      Appearance        Texture          Flavour              Taste           Crispiness             G/A
A                         7.75a±0.77          7.65a±0.88        6.80a±0.95           6.65b±0.88       7.70a±0.98             7.40a±0.75
B                         7.15a±0.75          7.25b±0.79        7.05a±0.95           6.95ab ±0.83      7.40a±0.82            7.40a±0.75
C                         5.95b±1.39         6.75b±1.37         6.30b±1.34          6.20c±1.51         7.20a±1.00            6.60b±0.99
D                       6.02b±1.39         7.55a±0.95        7.20a±0.89            7.45a±0.83         7.60a±0.88            7.55a±0.99
E                     7.35a±1.14          7.15b±1.04       7.05ab ±0.95          6.90abc±0.97      7.05a±0.88          7.20ab±0.89
F                       5.80b±1.06         7.45a±0.95        7.00ab ±0.97          6.60bc±1.23        7.20a±1.15         7.00ab±1.08
Values are means ± standard deviation of scores. Column values with different superscript are significantly (p≤0.05) different.
Conclusion and Recommendation
It could be concluded that though cowpea flour possessed better functional properties than that of walnut, inclusion of walnut flour to fried bean cake improved proximate and mineral compositions of products, though showed slight hardness, but conferred better shelf stability on the products. It improved sensory attributes of the fried cake and equally increased the textural properties, except for stringiness, which was highest in the control sample. It is therefore recommended that walnut flour of up to 9% could be added to cowpea flour to produce quality dried fried bean cakes.
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